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DICTIONAEY 

OF 

APPLIED CHEMISTEY. 


EXPLOSIVES. KxploHives aro solid, liquid, i is much less sensitivo than tho samo expkwve 
or gaseoiiB mixturce or chemical compomids,i in the liquid state, nitro explosives that have bem 
which by chemical action (set up in them ' 
locally by flame, bv a blow, or by other means) 
generate suddenly lai^e volumes of iieatcd gas. 

The rate at which the expannivo fon*o, which 
characterises an explosive reaction, is developed, 
varies considerably, and determines whether the 
reaction is a combustion, explosion, or detona¬ 
tion, These terms aro purely i-elatjve. and 
there is no definite line of demarcation bidween 
them. ' 

The factors determining the rapidity of an 
explosive reaction aro the chemical nature of the 
explosive, its physical condition, the conditions 
under which it is exploded, and the method of 

The energetic action of an explosive largely 
depends on its raU^ of chemical change; in 
chemical compounds (like nitroglycerin and 
gonootton) the reacting atoms art* in much 
greater proximity than aro those of a mechani¬ 
cal mixture of solids (such as gunpowder), and 
in the former cla^ the rapidity of the chemical 
action will be greater than in those of the latter 
class, compost of constituents by themselves 
non-vploeive. 

Nearly all tlie explosives in actual use are 
instances of oxidation, (fxygen Wing supplied 
by a nitrate, by nitric acid, oy an NOj group, or 
by a Shloratc or perahlorate. 

The oudising compounds used in explosive 
mixtures and explosive compounds are fre- 


uaently endothermic substances, the heat of 
oeoompoeition contributing towardi the ex- 
jn^ion of the gaseous products of the explosion. 

The conditions for completo combustion of the 
comlmstihle elements oo not always give the 
maximum explosive effect; c^bon bur&ig to 
monoxide gives a larger evolution of gas, but 
less evoltttmn of beat than on complete com¬ 
bustion, mid the best composition for any given ; 
explosive effect has to be ^tennined by expeii- ^pellant the 
m^. ^ I nigh: for 


fused and cast aro lees sensitive to detonation 
than the same explosives in the crystalline ot 
powdered condition, and the same gunpowder 
mixture gives various effects acoordmg to the 
size of the grain. 

Confinement increases the effect of all vx- 
plosives ; tlie uioro rapid the explosive ^e hm 
the confinement necessary to ootain its maxi* 
mum effect. The power of xneroury fnlminato 
is but little increased by confinement, but ez« 
plosives of the gunpowder type require to be 
strongly confined to produce duruptrire effoots* 

An explosive reaction may be initiated a 
heated solid, a flame, by friction, by peransskm, 
an electric spark or current, or oy the oon- 
cuBsion from another explosion. The nature of 
the reaction is laraely conditioned by tW method 
of firing adopted; nitroglycerin or guncotton 
in contact with a flame burns quite quietiy in the 
open, but when fired by the detonation ci a 
small initial charge of mercury fulminate, the 
whole mass of the explosive decomposes 
practically instantaneously, and detonatiem 
reeults. 

The various explosive reactions differ con¬ 
siderably in the amount of impulse necessary 
for their initiation. To have value as' an 
explosive, a compound or mixture must not be 
too sensitive to imjpube. Substances 10ce 
nitrogen iodide and diazobenzene nitrate aie 
too sensitive to have practical value. The 
most sensitfj^e explosives in use, such as mercory 
fulminate and its mixtures, are used in smaU 
quantities in caps and detonators to initiate the 
explosion flf larger masses of less seuitive 
explosives, propellants or high explosives. 

• The vfldue of an explosive as a propdlant or 
high explosive depetuu on fts densi^, on tiws 
qi^tity ot gas and beat Eberated, 

of the explorive reaeti^ For a pro* 

I and heat evdluti^ must bs 
Wexjdosive It is aeoessMy tte 


velocity < 


The idiyaieal oondition of an ex|dosive has a|fthe factomraoukThavo a high vah». 
a^saariced effect on its expknibllity Mid tiiej Explosives may^be clsasificq ^'' 
fiharawer of the exploskm; frozstn nitroglycerin Fto dbe^ cbemicaf oompositi<Ai, 

m—r. 



EXPLOSIVES. 

Jo»ivo comtKraftda; awording to , moot mUitary purpose : both M o 
1 tho pur[H»Hi for wM(* thoy arc | and a dmruptivc it iB obeoleatent. It IB 


to the dAiurer in handiin^t transporting, and ' as a bursting or opening charge lorBnrapnei snea, 
■tering the^ i and, the smaller sizes, for subsidiary milityy 

In this article, the chemical clasaifuiatiaon is i purposes, such as for primers and igniters tor 
adopted, as far w possible. All the substances; largo HmokelesH-jtowder clmrges, for fuses, ana 
having explosive profsirtics are imt included, iw* an mgifdient m certain compositions, 
but only those that have, or may have, value Ordinani hlick ijiinpoivchr coii.si.'^ts of an 
for praetieal purjioeeH, ' intimate mixture of potassiupi nitratti, sulphur, 

tnd cluireoal. 'I’he composiimn of nic Idack 
ExpuwiVi! MlXTt’iiKM. powder used for imlitarv purposes in different 

Iq expliwivo mixtura., tho ronibuntihlo and : uiv™ in the lalilo bolnw • 

wipporter of combu»tion am proBonl. in noparato ’■''>«>“'> gunpowd,-i» l ontain about 1 to 
•ingredients, which are usually not m themselves * , i r * 1 , 

.x>«iivo. The n«e««.an- "iVed of roa,-tion i, ihu,ufacl„rc - A Kbort «■<■.,unt only of the 
* ■ • . .. • 1. . . . pmetw of inanijfaftnic will U* co'fii, inanily 


ensured bv extremely fine subdivision ami Ycrv manmartnic win ik- tf.vfu ,,.anny 

thorough mc-orporalion of the mgmthcnN and that ni-.d at the Hojal (.uiipowdii haclifiy, 
by the oxygen being in a highly conccniiatefl ^‘^Itham AiiiM-y. 
and more or U'ss easily IdwTated form An • tmnnlifntg 

imiKirtaot charactonstie of this clasK f»f ex .11 

plmKeii i» that their effect may b.. vnri.d liy Aldicy m 

rarying the proportions of the ingrcdienia i wholly lii.hiin nitie. As mipoiU d llic in.ma , 

i:xnlo»ireiuittur«niavl*«rourK.d, acemd. "sltl-ct'v. iss if is .ailed has hei'i, pailially 


var^ng the proportions of the iiigrrdientN 
Kxplorivc mixtures may Imj grouj^x-d, accoid 


ing to the source of their oxygen, into’ nitrate. J»««nlied, but oonlaiiH polasHiurn uml sodnim 
ohloratc, perohlorato, 4c., niixtim's Only the , ' h 'iraha. polasaiaia s..,lniia, an. .al. l.iin 
mixtuies of those oxidiMing uilh oigauir matter; (ho 

comhustiblo ingredients, in thcinsehe-H non- *'*['*1 inipiiriticH averaging alioiit 4\ pe It i.s 
• • ’ • jjjjjjj HuhmitU'fl to a simple retinmg pmeesH. Ix'ing 


explosive, and those containing only a small , , , , ,• ■ , , 

(iroportion of an explosive eompoiind ad<le<! to imat in (lie waidT used for 

improve the explosive proiw’rl.icH of the mixtntc-, '^'u-'^hmg the ]>unlHM! nitie of a previous opera- 
wlA be considen-d under thm hciwlmg. The ^ t'‘ hoilmg m large 


mixtoroiof oxidising Siibstauec* with expliK^ue : ^ ‘he Mirfae<« being 

compounds, when' the former are only of ;‘ar.dully skimiue<l fdf: (h.- tfonpiuajure of th<* 
secondary importanee, will In* eonsidered ilndor allowed to fall (o lo-t . anH it i.s Mumi 


secondary importanee, will In* eon«n.,.xv. , ,, , , , , • 

tho iwpectivo explosive compounds. Idteml through hags of eoarse <'I«ith mto the 

' ei‘\.s|.alliMiiig vi'KHets I he tf'mpeiaturc' of the 
solution on entering the eivstalliMiig vessel', is 
Nliratd mixtures. about t.f> 8:5 ', the lupud is kept m tonstanl. 

hi tho mtrat^H, the oxygen is m sull.eh'nti^- agitatmn with wooden horw. whi'rebr. i^s the 

stnm^ combination to nHal a sonicwbut power ^ (ine crystals are fotnied ‘The solu- 

lul disturbing ivg»*ney td) lilx'rate it, so that the jj„jj m,| ntirreil when it*< fcmperatnri' is lower 

mtrafe miltureii an- net v.-ry »i.ii»itive iin.l than 32 '. If tli.-nelutimi were left to iryrtallw 


their action iH eoinimrativelv slow. 


; undisfurlM'd. large crystals would form, and 


/»o/ossitttrt tiiimli: wuf/me,..—t)f the various mother'liquor. The crystals are 

mtratt« used m explosive niLtlures, the potas- ' fho Kido of the erystalliser. and trails- 

Slum salt w by far tho la-st adapUnl foi the (^.^red to draining Iramce. The drained mlii' 
purpoAQ, and black piiwfler, or gunpowder, is fi„„f thon receive# tlfrec washings with distilled 
the most important member of this cIokh of. m <juantitios msidheient to dissolve the 

exploeivcs. mtro, eaeh washing is succeeded by draming; 

after the last washing th<' nitre is draintd all 
Guopowder. mghl. and is removed (c.xcopt the bottom part, 


vuu|wwuci. nighl. and is removed {c.xcopt tne bottom part, 

iSince the introduction of smokeless powders, which is very moist) \o the store bins. After 
gunpowder has Ikmui gradually siijarscded for about (hre<' days in store it is ready the 

CkiMrosrrrojs of JIlack INiwi>kk r.wiKi) mu Mri.irAUV l’rnro.sE.s. 

j |e Per 100 dry guniwwrter j 
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MHrder manu&koture, and conUim from 3 to t is now ^l^ained in \»rgo guautiUM, by tJba 
5 p. 0 . of moifiture, Moording to the season; the | ‘ C|iiaQoe>£laut">Hvi^^ fi^in the oaMum enl* 
watef is estimated and idlowed for in weigliing i pmde, is the c^ef constituent of the 

the charges. i residue fontied in the manufacture of soda. 

The waters used for washing the crystals are Much of the sulphur used by private firms and 
employed for the solution of the crude nitre; abroad is also obtained from pyrites. The 
the nitre is recovered from the orystaliisation * fiowera of sulphur * are not used m the rnanu* 
mother liquors by evaporation, and is treated as focture of the gun^mwder, as they usually contain 
crude nitre. oonsiderablo quantities of sulphuroiu and sal- 

From *l>^ortiaux, it appears that the acita- phuric acids, but are redistilled, 
tion of the solution of nitre during crystallisi- I The sulphur igniting in air at a low tempera- 
tion in order to obtain fine orjretals is in gonoral turo—about 250®—renders the gunpowder in- 
use on the (^'Ontinent; at least, he mentions it flammable, and, exjH'rionco has sliown, improves 
as in use at Lille, Wettoren, and Npandau. At the keeping qualitioH of the powder. Under the 
the refineries at l^illo, Wettoren, and kSpandau, influonue of pressure in the manufacturing 
he states that glue is added to tlu» boiling solu- proepsHes the sulphur flows and becomes 
tion of the crude nitre (the weight of gluo^boin^ colloidal, and oenionts the particles of the 
about that of the onulc nitre); the glue ingredients together. Hulphurlees gunpowder 
coa^ating and carrying down organic colouring is comparativoly friable. 

matters. The process of purification was the Tho cfuircoal. For making the charcoal for 
invention of Bc^-aumc and I^voisicr, and existing gunpowder, soft and light woods are chosen, as 
proc(V).Hes follow Ihoirs wiMi slight modiltcaticmK. the charcoals they yield are more ruadiljitf^Dit- 
On the Continent, and by most private able, of an average growth of fro^n two to ten 
manufaeturers in this country, artificial ’ or The wood should Iw cut m tho spring, 

* (sonvcrsiou ’ saltpetre, or ‘ German saltpetre^J j when it is in full vegetation, as then iU 
as it is frequently called, is alino-st excltisivi'ly i rc'addy bo removed; in the spring the tree is in 
used. It is made uy dissolving 10 parts of sodium ' fuli(wt sap, but tho sap is very watery, and 
nitrate, ‘ Chile saltpetre,’ and 0 parts of potas- I contains but little salts in solution, 
sium chloride, obtained from tStassfuilh ‘ car-J At Waltham Abbey, tho woods used are; 
nallite,' in mother liquors from pntvious «q><*ra- the alder buckthorn {fihamnu/t frunffulu, L., im- 
lions, concentrating and crystallisation. It is properly calU^L dogwood), alder, and wijlow 
refined as abovi*. (.SVm> !.<.). Dogwisid charcoal is preferable 

In 1804 tiollick discovered that ‘German hir small-grain ([uick-buming powdersfor 
saltpetre’ frequently eontamod nota])l(» quaii- powders of larger grain the slower alder and 
titles of pen'hiorate, and it was staU‘d that willow charcoals aro used. The woods arc 
several liccidonts in powd<‘r factories comcidcfi grown in England, and are cut about four inches 
with tho presence of a considerabie percentage in diameter. 

of jwKjhlorato in tho powder. It was subse- IkSsortiaux states that in France tho so- 
quontly shown that powder containing per- called d(»gwood {Jifutmmis frangvla) Is exciu- 
chlorate was not unduly sensitive. The per- ssveJy employed for making the oharco^ for 
chlorate is, however, not uniformly distribut<*fl mihtarv and sporting powders ; ho states, how- 
in nitre, but tends to agglomerate, and the ever, tfiat it is boconiing increasingly difficult to 
irregular shooting obtained with some fonfign proi-un?, and that tliey are trying to leplaoe it 
sporting powders, as compared with English by willow, or by the wood oi the spinole troe. 
ones, has been attributed to tho contained fn Germany, ‘ dogwood ’ {R. frang^M), willow, 
perchlorate. and alder are used; in Eossia, alder; in 

The nvlvhur employed at Waltham Abbey is Austria, alder and hazel, 
native Sicilian sulphur, of*thW l>cst quality. In . At Waltham Abbey, wood is usually k^t £oi 
Sicily, the sulphur mineral is subjected to a about three years, dogwood in thatched s^ks, 
liquation process, to separate the sulphur from and willow and alder piled by cords in the open, 
the glm^e. it still contains 3 to 4 p.c. gangue, By the method of carbonisation tbero followed, 
from which it is freed by distillation. It is 1 25 p.c. of black charcoal should bo obtained 
distilled from a large iroft retort, provided with i frxim tho wood, rather more from dogwood, 
two tubes placed at ri^bt angles to each other; i The wood is cut into throe-feet lengths, whkfl] 
on« ^ibe {15 inches wide) communicatee with a > are split if differing much in thinness, and 
large dome-shaped subliming chamber, tho other | is jiac^cd into iron cylindrical casce called ebps, 
tube (5 inches wide) enters an iron pot which ; 3 feet 6 i^hes lor^;, and 2 feet 4 inches^^in 
revives the distill^ sulphur; tl^ tube is ; diameter, vho lid is fastened on, two^ opening 
jao^ted for cooling with water. The tubes can i (each about 4 inches in diameter) being left in 
be connected with the distilling vessel or cut; the bottoni of tho slip. The slips are th«a 
off from it by means of valves. The distilling i jilaccd in horizontal cylmdets, the ei^ of the 
vessel receives its choice of sulphur, which is I t^p yith the op^ngs going to the furtheor end 
heated to boiling ; dunng the earlier stages of j ot the cylinder, in wmtm eodi^here are opmiingf 
the distiiiatkm toe v%poura are ^nt into the i correspondil^ with those in toe slips, 
salifliming chamber, where the sulphur condenses . * The cylindem are closed by tightly fitting 
as ‘ flowers of sulphur $ lator on the sulphur iron doors, and are built into ton waU, wito for- 
vapoariseentthrough the Condenser, from vtoicb naces undcmeatlL so arranged a# to admit 
it runs into the recover in toc Eqnldlonn. It is the accurato i^gmation of the heat toroughout 
allowed to oool scmMirhat, but its solid!- j tit operation ^ chiming; this oocuptea with 

fytitt point, and.1Klladled inta^ibast wooden' Bdogwood about 4 hours for and 8 Iumus 

tumm. SolphuT, of soffioieiit fnt^y to berfo^R.F.Q* gunpow<||ps. The flames 
used in cncplosives without fantowr treatment. 4 the ondinder. toe neat acting til marfy as petoM^ 
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on iU wliolo KurftK^'. The tfatMw ami volatiJiscfl 
Ur from the wrxid j>a*w out tlirough the o[>enui^s 
in the slip and the cofrcwponding holew in the 
rotort, int^i nip4«i cmnmuiucatinc with the fur¬ 
nace }|] which they are )mmt; thiH navcH a eon- 
vlderabio anion?it of fuel. When the wood lias 
been suOiehiitlv eharrod, whieli w kii»»wn by the 
violet eoltmr of the danu' fnpin the bumiit^ 
indiratiri); the formation of earbonn- oxide, the 
slip w withdrawn by meana of tackhng, plaieil 
in a lurjite ir<>n ease or <‘ooIer. ^■overe<{ with u 
ohieely littuiK lid. ami allowed to remain until 
all tlie tirij m extingm^heii. whieh taken about 
4 hoiirK ; the <-hareoaI i« then einptieil into 
i^inalh^r eook'rn. arul Hi-at. to Ntore. The chur- 
<ioal i*< earefiillv |Heke<l over hy hand, t<i a**''*!- 
■ tain that it al) is properly and evenly biirut. 
And that no rivets from the nlips have litokt-n 
off. it iH then kept from t-en days to a 
in atore befor«’ beinK j^rfuind, to obviut*' the 
darijEor from Npontaiu'oUH <-ombuHtiou (( luiMed by 
alMKjfiptton of oxygen from the an) to whic h < hai- 
coal IH liable when ground ilin'ctlyaftei burning 
Th(' Ninaller the eybn(h*i-H uHefl. tlu' moit' 
uniform is the eompo.sition of the eharcoal pro- 
diK’ed, Hinee ho hijjh a tenijx^ral tire is not tussled 
to carry the heal to the <-entr<‘ of (he eliar^e : in 
the Kn^liHl) ]»owdei‘ luillH, (he (endeiiey has Ihm'U 
to use Hinall eyliiider><, noine of wlii<-h h<>ld only 
77 llw of M'ooil 'I'he twe of Hinall (•> Iiudein, how¬ 
ever. raiHee the eos( of protluetion (I >«'M<»rtiau\) 
Violette HtatoH Mint, for tiu' same (ein|H‘ra- 
tur<\ a slow earhonisation j/ives a inueh hii^lier 
yield of eharcoal than a quick earhonisation ; 
the |M'n*ent}^e of c'arlion heinv also a litth' 
hi/j[her in tin* former <’ase. 

Innt^wl of carlionism}* cyliiulers, 

movahle cyluulers are now used in most hhuk- 
yniwdi'r facUu-U's. No slip’ i.s used, hut two 
cylinders are )»rovided foi isudi fmnace, oilT' 
beiiiK ebarired while a curhonisation is pro 
oi'inlitijr in the otIuT The cliaririsl e\hnders 
aiY* run into the fiiriia<‘e on rails, whudi support 
them over the lire. An elaborate* arran^euu-nt 
for the regular distribution of the Ktv*es and 
prviducts of distillation of (he woo<l is used, hy 
iiieann of whieh they ean at will Ik* diiected into 
any one the furnac(*e or allowyil jmrtially to 
rsoaiM* hy th<' ehimney. 

The pnnci|>al mlvantag<*s elainieil f<u this 
nyMtem an* liomogi'iieity of (lie idiareoal. the 
ready repulation of the eomhustion of the ^uses 
by means of the thstrihutioii apparatus, ami the 
eooUnji; down of the eharcoal out of conta(*t with 
the Air, which does away with thi* possibility of 
tlio chAreoal takuijr tire. 

> In somo English facton(*s. verticij movable 
o^tiidem are usimI, the aiivantages^sniig that a 
lirgt'f number ran b*' iirtni at the same tiriu*. and 
tbe moving of the cylindorK into ^he cmiling 
• room iM greatly faeilitated. 

Bdekmann mentions that some year| 
the use of rotatiQH oylindem was introduced in 
Swt'den; th© evlindefd being turn4l (H)® about 
their hori%onta) axes even* half-hour dundg 
€Mrb<»Aisation. lift is statetl that a more uni- 
tt»m ©arbonlkation is obtained, and fuel SAVi'ti. 
Viokitt-e, in 1»48, introduced^the earbomsa- 
of wood hy means of superhtMited steiNn. 

Bteam wa^mied at a pnessure of 4 to i atnio^* 
Spheres and was rpis^ the requirM teni- 
peAtore by beiii| palsea though a worm of* 


wrought-iron heated by a lire. Kor the produo* 
tion (from dogwood) of cliarhon roux containing 
70 ]i.c. carbon, the temperature of the Btoam 
bad to lie alx>ut 280"'; by using steam heated to 
about 350'’, eharcoal containing 77 !).<!. carbon 
was produced, and by heating both cylinder and 
steam to a temperature not exceeding 430'’, char¬ 
coal of 8!) p.e carbon was obtained. The char¬ 
coal yirodueed by means of sujierheatcd steam 
IS remarkably uiiifoim in composition. The 
iHethod. however, was ubandoiK'il, Ix^auso it 
gave a larger yu'ld of <hath<i)i» wux. but not of 
black chiircoiil, Ihuii (he oidmai\ method of 
^ .*.rbonisalion in c\Imdeis ; and tin* hghtly-bumt 
<liar<oiil was then only i<*t(iurc<l for sporting 
jM)wd<T Alsu, the <'o;-t of ptoiluclion of the 
efmrci>a! hv flu* Kuperheati'd steam apparatus 
was gre.it-i’r 

(luttier, "m IHS7, invented a process for 
earhonising wpod, especially <'ut tings aiul yuilp, 
straw', peal. ^Ae . in lieat<*d CO^. C.arboii 
dmxide is stall'd to* lie yueferabh* If) sujier- 
lieateil steam, on aceouiil of the nmist state 
of the charcoal wluii eool<‘<l m the st<*ani. 
phases of combustion, a.-, free >u* yiossihle from 
oxygen, aie actually uscfl A ijiixhu-er furnace 
IS aiiaiiged b\- the .side of tl.e eharrmg furnaee. 
in wliicli the (!()^ is pro(lu<e<i liv blowing a.ii’ 
through burning coke li\ nie.ms ftf a fan. Tlie 
« arlionic acid ga.s is then bio\in through a tubi* 
into tli>‘ earboinsmg cyliiidci duiing the eaibon- 
ising of the woixl, Ac , and tlic How of CO, is 
mainlaincfl fluring tlic coohuL:, which in cfiii- 
Hci|u<*neo fif till* juesf'iioc of t!ie gas ma\ Ik* very 
rapid 

(If., of thf f7ff//fOff/--('aihon- 
ising the woofl raises the ji<‘rccntii.ge of carbon, 
diminishing the percentages of hxdiogen aiul 
ox.vgen 

hesortiaux Htatf*H that woods recentlx cut 
haxf* aliiKwt the same jiciccntaire (onqiosition; 
the mean composition of the «hied wooil beine 
j..e C, ti ll pc H. 43 42 pc. O and K 
| •^^7 ]) c ash. 

Heintz gives tin* comjrosition of abler wood 
miniiM asli, as 4S 1»3 jr.c (‘, ,'>114 p.c. H. 44*75 
p.c O, O fiH p.e. N. * Peterson and .SchbdJer give 
alder woo<I 7tmiuji^ixsfi us 4H*20 n.e. (\ (i-22 p.c. 
H, 44-.5S p.c. O and N. 

On heating, water, carbon monoxide. earlKui 
dioxide, hydrogen, acetic acid, methyl alcohol, 
and tar aR> luodueed. 

\’iolette found that dogwood w'as eonvcrt/cd 
inU) slack-baked ehareoal {r?i/trhoti 7oiix} at a 
t<*miH*raturo of 28(C-30(i'' ;• at 3t)()'" the yietd (fin 
the small scale) was almut 34 p.c. and the ef*m. 
jMssilurn ot the ehareoal was 73*24 p.e. 0, 4*25 
ji.e. H, 21^)4 p.e. O and N, 0-57 ji.c. ash. Jte- 
tween 350^ and 400% black ehareoalM are pro¬ 
duced. the yield being from 31 p c, to 28.p.e.. the 
compositifui ranging from about 77 p.e. to HI 
pc. C.* Between 10t)0° and the charcoal 

obtained was very black and hard, the yield was 
alufut 18 p.e^ and the eqmpoeition ot the char¬ 
coal 82 0 p.c. C'. 2*30 p.c. H, 14*10 p.c. () and N, 
1*(>0 p.e. ash, at the lower temperature, and 88*14 
p.<‘. l\ 1*42 jxc. H, 9*24 p.e. O and N, 1-20 p.c. 
aah, at the l^her temperature. 

Kxperimenta made at the Chemical Depart¬ 
ment of the War Departamnt showed no grBat 
diffe-rsneo in the specific gravity of ci&rcoahi 
{>repared from willow mid alder at ; 
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their specific gravity at Ifi-O" was 1-41 to 1*44. 
Willow charim at the maximum temperature 
of 384"* for 9^ hours had the oompoeition of 79*22 
p.c. C, 4*02j).c. H, 15*32 p.c. 0 and N, 1*44 p.e. 
ash, and sjieoifio gravity (at 15*fi°) 1*414. 

The higher the temjierature of carbonisation, 
the lora is the inflammability of the charcoal in 
air, and the greater the thermal condnetivity. 
Violette atat-os that the charcoals prepared fiy>m 
any kind,of wood at .3(M)° take lire wlicn h<*ate«l 
in the ajr to 3fiO*-4l8(r : the charcoals from light 
and porous wootU burning more easily than tlic®e 
from hard and clhso wot)^. Kor tlio saini' wood 
he mafees the following Htatement os tf» the 
ndation between temperature of charring aiul 
that of inflammat ion m air : - 

Teni]>ftrftture of Temperature of . 

charrinu inllaininatioii • 

2b9"-280 340 :imr 

2tM)"-350' 300"-370^ 

432^ alsnit 4(K>'’ 


Pa/eefMj'ng, mmno, and inforporaiing ih« 
ingrtdimU .—At Waltham ^^bbey, the refined 
nitre is used for gunpowder .without beu^ pre* 
vioualy drit»d or ground, but the moisture is 
retimak'd and allowed for. The charcoal is 
gronrid in a mill; the grinding is done by a onne 
working in a cylinder, botli being suitably 
toothed. The ground charcoal is made to pass 
; through a spout into a revolving ri'el of 32-inesh 
<?opp<T-wirt^ gauze, 8| feet long and 3 feet in 
rhameter, inclined at an angle oFal>out 4” to the 
iuinzontal, ami making 38 revolutions per 
Tlie eliarcoal which passes through 
the gauze is fit for use, and is collected in a 
closed ix^el case : ih(‘ charcoal too coarse to pass 
, through the gauze falls through the further end 
(d Ihe reel into a vessel, and is reground. The 
sulphur is ground under a pair of iron edge 
runners, a snialler-sized incorporating mill, and 
is* Bifl,e(l through a reel similar to that usi^ for 
the c hnnroal. Precautions are taken to oonneot 


The lightly-bumfc charcoals are much more 
absorbent of water than those clsini'd ut a Ingli 
tom|M‘rature. . 

The charcoals user! for the various kinds of 
Service black gunpfiwtler range m cotnf)«)silion 
from about 75 p.c. (’ to Hh ('. according to 
the nature of the ])owder. All otlicr conditums 
Ixjing tlie «am(‘ (viz. proportion of KNO^, S, and 
ehareoal, size of ])Owder, density, and mois¬ 
ture), the charcoal burnt ut k)W(‘r ti-mjaTaturcH 
(having lower percentage of earb(*n) gives iiigher 
muzzle-velocities and pressure's than cliaieoal 
burnt at Iiigher temperatures ami having 
Iiigher percenti^fe of carbon ; that is, for gun¬ 
powder of the coinjiosition 75 p.c. nitre, 1(1 p.c. 
sulphur, and J5 p.c. charcoal. The greater in 
ftammahility of the hglil^T-hurnt charcoal Tiiakes 
the gunpowder, of wliidi it forms part, (juicker- 
buming. 

The wood is eliarred to expel moisture, wliich 
would lower the temperature of tin* (“Xplosion 
products of gunpowder, and to obtain a char¬ 
coal of suitable infiaminability. (Uiarcoal for 
large-grained powders should Im jet-bhu'k in 
colour; for small-graincwl powders a more 
slackly burnt charcoal ob li^wn-black colour is 
used. Before* use the charcoal is hanrl-pickcd 
to remove any impurities and any portions 
insufiiciently ' Wmed.’ 

Appended is a table of the jien^entage com¬ 
position of some charcoals from gunpowders of 
Waltham Ablxjy make, and of a sporting powder, 
whilh will serve as types of the charcoal used in 
the diflerent kinds of olack gunpowder :— 


O . 

H . 

O (and N) 
Ash . 


85*26 1 80*32 75*72 77*88 77*36 
: 2*98; 3*08 , 3*70 3*37 3*77 

10*16 I 14*75 { 18*84 17*^ 16*62 
1*60; 1*86 1*74. 1*16 i 2*26 


tin* Kulpliur mill to eartli, in order to allow the 
electricity genoraU'd by the nibbing the 
sulphur to escape, and the machinery la not 
run rapidlv. Jn 8<*me works the sulphur is 
mixed with a little nitre before grinding to 
prcvcnl electriiication. Besidiw the danger of 
ignition by a spark, the electrical charge catiscA 
the Huljihur to ball together and iniorferee with 
the grinding. 

Tin* ground ingredients are carefully weighed 
out in their proper proportions; the largest 
charge wfirked m the incorporaving mill ia 80lbs. 
'Phe charge rccoiviis a preliminary mixing in the 
mixing machine, a cylindrical drum of gun- 
metal or cojiper, about 2 feet 9 inchra in diameter 
and 1 foot (> inches wide. An axle bearing 8 
rows of gunmolal ‘ flyers ’ or fork-shaped arms 
passes through the centre of the drum; the 
drum and arms are made to revolve in opposite 
^lirections, the former making about 40 revolu¬ 
tions j>er minute, the latter 120. The mixing 
occupies live minutea, the mixture being then 
hana-sifted through an 8-meeh copper-wire 
i sieve <)ver a hopjicr, to remove foreign sub- 
i stances, which otherwise are liable to cause an 
I ignition in the incorporating mill; the * green 
(‘iiargc ' is then ti(;d up m a bag ready for the 
; incorporating mill. 

'J'lio incorporating mill consists of a circular 
; iron lied, about 7 fe<*t in diameter, very firmly 
I lixed in the floor of the building, on which two 
1 iron cylindrical edge runners revolve. The 
j iron runners arc fi| foot in diameter, 15 inches 
j wide, and weigh about four tons. They have a 
j common axle resting in a solid cross-bead 
i attached to a vertical shaft, which passes 
I through ^bearing in the centre of the bea,^and 
1 is in gear With the machinery, 

I The bed has a sloping outside rim. The 
: runners aie at an unequal distance from the axis, 

' the eccontricity being equal to half the thicknen 
isof A runner; they thus work the efaa^e in 
the inner and the outer of the bed, their 
^ths ovdkiapping. The runners are followed 
T)y two ‘ ploughs ' of wood, covered with leather, 
attached to the cross-head by Arms ; one i^ough 
works near the vertical shaft. th#oUier near ^ 
rim of the bM. throwing the compositiem under 
^e runners. 


• ■-- - • - -A « The green charge is spread dhrenly on the bed 

(Noblo and Abel, Phil. Trans. 1880. 171.«18) ' rJ . . i* 
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damp with tli« itioiHtiiru of Iho Tii'trf. Imt »n 
additional rjuantitj-, i>f water (2 to 7' 

pinto) JH added frojn firne to time, a<Pordinjf t-o , 
the Rtate of the afiuosphere; the nioiwture 
aNdNto the ine<prporaMofi. aruJ the r hargi' in kept 
not too dry or it would Im‘ healh-red as dust, not ' 
too wet or it wniiM hIij* away fn»tii the runneix 
or elm)j theiti, . 

The iron niniiei-H make K n*volt]tion« jior ■ 
minute, the tcri'i-ii idijvrt'e in workfsl un<lei' tluMii 
for 4 hourw h»r H F-ti. powder, for 7 to « honm I 
for R Ftr^* ijowder, and for 11 lioiirs for K.Ltr'* ' 
and i>ust aiul iework<‘i] eharp:(‘s ere j 

workfifl for40 imniites 

A ilreiielnny .'ipparalu-. ift plaeed over tlu’ 
lesi of eaeh miil. l>y nieann of which, in of 
an exploHHiii, a tank of water is overtume<l*nnd 
the eharjf»i drowned 'I’Iiih ih done by the wtion 
of the evploHuui yaH^w on a tint. W'oo<len lever 
arranvenient. pi\ot<*d, and attached to the tank. 
By means of a hon/orifal shaft conncctin;/ all 
the levers of a ^'roup of mills, an explosion in 

tdWl drowns all the olhera. 

The short rmJiUH of tlie eiieiilar 
traversed In- (he runners causi-s tliein to take a , 
twisting 08 well aa a roHine iui>tion. and ^ives 
them a eombined erushin^r and grindini; action 
very favourable to tiu' tlioron^rh trituration and 
in<'orp<irati<jn of (be ingn-dients. 

'riie ‘ mill-i'ake,’ as tin- worked charge is 
ca)h‘d, should }m\<‘ ii uniform appcauiru e. and 

ahould contain I p <' toSpi ... iiie foi sni ill- 

arm jiowdeis, !{ p«- to tl pr foi tlii- larnoj 
graiiK'd powilci-s Anv “ null enke ' l.-fl- iuiiilv 
naked on the bed is reiiio\ed l)\ wooik-ii to..|« 
afU'r tlion)Ui.dily moisti'iiuig Main uiiidmits 
have iH'sn <aus4sl tliroiigli the ini' of nu'lal 
Uxds 

Jiiml'iim <}nu n Hir mtU t<ik> on I 
-—The nnll-eake is next Hsluced to meal, for 
eonvenieime in chargin': the press box, and in 
onier that t lie powiler may Ih- uniformlv piiwed 
The mill <*uke is biokeii down by means of 
two pairs {if gun metal rolli'rs. the upper jmir 
being groortsl and jiluced {Imu-tlv aOovj' th(‘ 
otlu*r ]iair. wlneh are Hinooth The rollers 
revolve t-owunls each other, dangerous fru'tion 
from the a<eulental pfX'rtmue of any hard sub- 
stAiiee Ix'iug pn‘vented bv one rolliT of eaeh pair 
Working in sliding liearings connecteil vvitli a 
weight-ed lever eatwing a pix*ssim- of about 
fid Jbs., 80 that the rollers would open at. am 
gimtor pressun' 'I’he rollers an* feu with mill- 
cake fn>m ft hopjMT (placed at one end of the 
maohine, b«‘low the level of the upper jiair of 
rolfera), by means of an einlloAH buna of eainiws 
2 \ feet wiile. with ero.ss strips of leftthor si wn 
on <vt inferx'als of alxiut 4 inchtw «The band 
ox'er a rtdler at the Irnttom of Ihe hopjs'r, 
and over another plawid above the up|M>r pair of 
rollers; on iMiing set in motion it farrios the 
ftake fnxm the hopper to a point from which it 
falls on to the first pair of rrillers; the eru*hctk 
cake then falls on It the Heeond paiii by wliioh 
it is reduewl to meal. It falls into w-ooden 
boxes, and i» transferred t-o a mi^iiarine ready 
lor^^asing. • 

TTxe is pressed into calie a hydraulic 
press, fed from an acoumulat-or, Uie head apd 
bed'plate of which are made of cast iron or can 
steel. The powder is proased between ^ai*«s 
about 1 foot n inchew bv 2 fett 4 inches and about 


^ inch tliick. Formerly brass plates were used, 
but now ebonite plat<« arc usually preferred, 
fKMjause they are not ao easily bent out of Shape, 
and airto liecause they have suflicient elasticity 
to transmit the pressui'e evenly all over the 
layer f*f powder, even if they should get out of 
the honzontal. They have the disadvantage of 
becoming ea-sily electrified; in fact, alternate 
layers of ('bonit<* and powder really form an 
electric pile. 'J’o obviate any danger.from the 
p^HSiblc aceimiiilation of electricity, tlia presses 
are rirovidi'd wifh an earth connection. 

In charging the proHS. a plate is first put on 
r-< tlu* i-arnage, and round this is jilaccd a wooden 
flame, d{*ep<‘r than the thicknes.H of the plate. 
Till', frame is filled with powder, and the surface 
wmoof lied bv incarm {if a flat latJi, and a second 
iilafe iiiac'etl on flu* top Tho frame is then 
lifti'd to the.level of the si'Cond plate, and the 
proi'css ri'peated unt il the wlude charge is made 
up A pressure of betxvei-n .‘175 and 450 llis. jier 
Miuau* nil h is jfjiphcd..acc{irding to flu* fineru'SK 
th-, lowdiT, tlie pmount. of moiHlure it- cfui- 
tuins. the stai^' of tin* atriiosjihcrc. and t-he 
«k-u.si}\ najuircd. Tlu' pressnye is sloxvly 
lujiplicd. f;;us<‘d off and re«ppli(‘(l several times 
in oriU'i to obfain great- density wiilKuil. using 
exi-c.ssive ]iM'Shur(*s : tlie coinpr{*s8ion usually 
lasts fi-om .■{() to 4(t minutes A pressure of 
Jbs per Hijuare nu ll ap[>li<*(l for from 1.] to 
ll lioiirs jiroduci's u eaki* with an a\(“rage {lensity 
of I-7 to 1-s 'riie c{*ntn‘ of tlu- {‘ak<* has, ho-w- 
i’\ci, a gicatii licuHity l-liau tlu* c(ig<*s; the 
(■clues of the c,i,kc arc on that a(-{-outit {‘tit aw’av 
to I fie extent- of alioul. an inch ‘I’fic aiimunt 
ciif uwa\ need not exceed 10 pc 'I’lie e(‘ntre 
l.ixers of file ])ilc ate sliglitit less * {iinpressi'd 
than till- top and fioltom layeis, liut lhe.se 
ditlereiifes in deiisiix uti* jiarllv removed by t he 
suf*s(‘(|ucnt operations The Iay<*rs of pressed 
I'iikc are broken int-o jueces with a M’ooden 
millet and )iut into harnds. 

^jiaiinUitiiKj oi ('(miiuij. —Tlu* pie«K-cak{*. is 
con\ertc<f into gram by means ol a macliine 
consisting of thr<‘{* or four horizontal paiix tif 
gun-nu'tal roll(*rs in a gun-nietal frame. The 
pall’s of iolh*rs art' ]i!aeed one above the other, on 
an axial line incln^d^t alsiiit 35“ to tho liori- 
zontal. the xi'Mii-ai distani’i' lietrfeen the jiairH 
{if n>lh*i'K iM'uig alxiut 2| feet For fine-grain 
powdei-s, the liiglu-st pair of rollers has ^t-h 
A inch apart, the ni'.xt pair has ^ inch teeth, and 
the two b{>t.toni paiix have no tooth. Like those 
of the bre'aking-doan machine, the rollers work 
in sliding counter-weighted bearings ; they iftake 
alxmt 25 revolutions j>er minute. The machine 
IS fed with pre.s.8.eake from a hopper by means 
of a moving endless band. Snort screens, 
covered wiHi copjwr wire gauze (lO-nmsh for 
small arm jKiwders), are placed under ea<’h f>air 
of rollers except the Inittom pair, so that the 
powder foo large to pass through the gauze 
passes from one pair of rollers to tho next. 
Beneath the lyiort sereens are placeil two long 
screens in an inclined posifton, the upper one of 
U>-meeh, and the lower one of 20-meeh oop{>er 
gauze fixed in a frame. A rapid, longitudinal, 
vibratoiy^ motion is imjiarted to i^l the screens 
while the machine is working, to assist the 
. liifting and the flow of tho powder. The grain 
%hat posses through tho short screens wlU ioli« 
> throoffti the lO-mesh lomr screen. That which 
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ifl retained on the 20--meeh screen is R.F.O. or 
R.F.QI powder; it falhi into boxes made to ; 
move forward as they are fi^ed. The grains j 
too largo to pans througli the short scroens fail i 
into separate boxes, and are transferred to the j 
hopper to be passed again through the rollers; , 
while the fine powder which passers through the ; 
20-mo8h sieve lalls on to the wooden l>nttom of 
the frame and is collected separately, to l)o sent 
back to incorporating mill for a short re¬ 
working. • 

For granulating R.L.CJ^ and H LXt^ powders, 
throe pairs of rollers arc usually employed, tlie 
two upper pairs with largcir teeth, tlie l>ott.(»m 
pair smooth. The gram frf)m the granulating 
inachino is call<‘d ‘ foul gram.’ By granulating, 
a gunpowder there is no danger, as there would 
be with a dust, of segn^gation of t he mgivdient« 
during transport according to their densities, 
the powiler is less hygroscopie. .tliere is h'ss 
danger of escape from storing vossels, aiul the 
inflammability anfl rate of fiurmng of the jiuwdeV 
is inen'ased. sim-e the tianu' eun ]>fnel.rii1i‘ more 
rpiickly through the charge. 

Iht-stintj aufJ glazi/itj. — B F <i. and K.Kd", 
lowders arc freed from dust after gramilation 
ly being passed througli a iliistmg r«‘cl. This 
is a ityliiulriial frame about 8 fei-t long and 
feet in diameter, eovennl with 20-mo.sh 
copper-wm* gauze, and h<‘ 1. at’ a very small angle 
With the horizontal. The nsd is ♦‘n' |os{‘(l in a 


next operation is drying, wh^ m oorried out in 
a drying-room heated by stean) piped. The gun* 
powder is placed in woodnn frames about 8 feet 
X H feetx2J inohea vrith canvas boitoms, each 
holding about 12 lbs. of powder, and placed on 
opim framework shelves with which the room is 
fitted, seven or eight tiers of shelves riding one 
above another, the steam pipes running under 
them. The moist air of the i-oom is constantly 
change<l by means of vontilatoxa. At AValtham 
AbU y, about IM) ewts. of gunpowder' are dried at 
one time. The time and tempur&turo of drying 
vary with th<‘ kin<l of jKiwder and the amount 
of moisture in it, tlie length of time and the tem- 
miraturo increasing with the size of the groin. 
Thus#U.F,(l. roijuirt's I hour, and R.F.O* 2 iiours 
at 3S", R.L.O* 2 hours at4’V’, and K.L.G* 0 hours 
at 4b‘’. Another sysUmi of drying is to drive a 
curnmt of cold air over steam-heated coils into 
the drying-room or stove by means of fans. In 
Nonu' factories, a current of cold air is used, 
aft>er liomg fn'od from its moisture by meaw of 
calcium chloridt', caustic lime, or strong sul¬ 
phuric acid ; and drying at ordinary tempera¬ 
tures iw mr«/i lias also Isien trieil. The drying 
sliould }>c done evonly and not too rapidly, so 
that the por<>s of the jiowder aiv not ojieneu too 
quickly. 

Rapid drying, too, has a tendency to cause 
the largor-graineil iMiwders to crack, and some- 
timi’s causes an eflhm’scence of nitre on the 


ease to eati h the dast, hut is open at hutli crnls : surface of the grains. 

It is fed continuou.sly at the upper end with I’he dried powder is jinuhed by being ro- 
powder from a hopper, wiiile the reel makes taU'd in a liorizontal reel—a long cylindrical 
about 40.revolutions per minute. The powder wooden frame covereil with canvas, making 45 
falls from the lowc^r imd of the ivel into barrels. revolutions piu' niinuto—the fine-grain being 
The polwh given to tin' powder grams by nsded longer than the large-grain powders, 
glazing is of ailvantage in diminishing the ten- Finishing frees the powder grains from the 
dency of the powder to absorb moisture, by ' small amount of dust productnl in the process of 
bix*afcing ofT any sharp angles and jioints, and dicing, and gives them (and specially to small- 
Hti>pping up the outer j)or(« of the gram, and in arm powders) a final glaze. 

enabling it to bear transport without going to Before drying, and again after finishing, a 
dust. Glazing also iiicreiMes the di'iisity of the uniform blend or mixture is made of a lAige 
powder: a powder with a density of, for number of barrels of gunpowder. Advantage 
example, O'HIO bt-foni glazing liaving ils ilensity is taken of every opportumty, in the processes 
progressively increased O HlKi after 42 hours’ of the manufacture of gunpowder, to mix or 
glazing. The small-arm {^iwders, K. F.G and ! Mdcnd ’ the grain together so as to obtain more 
R.F.G^, arc glazeil in lai^c ^Inmis - cylinders uniform results at proof. This is done by 
2 feet wide and (1 hnit in diameter (a pair of means of a wooden nop]>or divided into four 
drums on one axle) making alsiut 12 revolii- equal compartments, each able to hold a barrel 
tions^r miniito. The drums each take about; of gun|K)waer; the compartments can be emptied 
flOO lbs. of powder; they arc run 51 hours for ■ simultaneously into a central shoot by means of 
R.F.O.. and 10 hours for R.K.G'*. No grajihite , openings with sliding shutters in the bottom of 
is used for these powders \ the friction and heat (^h. This mothrxi of blending, ospecuJly with 
caufliHf the motion suflicc to priMluce a brilliant I the smaller sizes of grain, is found to give 
glaze. The glazed jxiwdcr receives another dust-j batches of powder with very uniform firing 
mg m a roid covered with 20-mtish wire-gauze, ; results. , * 

and is then sifted through an 11-mrahieiove into Pebble Uftd Jfflsmatic powdo’. These cut 
barrels. R.L.fil* powder is run for hours in . and moulded powders are no longer mimufac- 
drums as above, with alxiut one ounce of. tured, as smokeless powder is now used even 
graphite per 100 lbs. powder. E.L.G* is glazed for guns of the largest calibre, but a short 
for 3 hours in the old pattern glazing barrels, ’ amount of them is ^ven, owing to their great 
the same proportion of graphite as for R.ti.G* j historical interest. The use md pebble powder 
being added after theaborrels ha^o nm for 2 j in^this county dated from about the year 1806. 
hours. Each barrel takes about 400 lbs. of i Rodman baa previously shown that in the 
powder: they are 5 feet long by 2^ feet diameter gun the nressure diminished os^the ska of the 
of ends, and make 34 revolutions per minute, grains ol gunpow^r increased, that the 
The graphite increases the gloss of the powder, | velocity of tM projectile could at the same 
and the powder is also rendered lees hygro- i tiifie m maintaim^ by ui increased weight ^ 
sco^c through the increased density of the f•ha^. ^ 

suiftoe layer. • i PebOle powders I; andj^, 

Stotfinff or drying, finishing, hlrnding.--~-1he *l|-iiich cubes) w<g© used for^lUuger guns tiwn. 
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w»*rf I.)h* rifl»‘ {;rain ifr)W(l(‘rK, I’p t<» the 

formation of tin* pn*HH caKe, the pro<'<«MQp of. 
manufH<’liin’ wrn*, wjlh Homo vunutioiw, the 
HAiTie HH fot tlx- liiH-r grained j>«>u(l(’rK. 

The /* fMurrht riit from the |>r<‘NS-(ttko, 

whi<‘lt w<iH prcsHcil into slalin of ahout ifiini'lirH 
hv und of tho n*<jiiin'd tImkno.sM 

'nn* itjltuij' ina-'hinr* « onm.'^f.ofl of two pairK of 
tilKwtplior hroii/r joiliTs, liuvnij» lon^otwclinat 
knifi'-odvos «ith Kpaci's }H‘tw<‘<n Ihi-rn coin' 
HpoiKiiiij.' to tlic io(}mrc<J Hi/.o of the powik'r 
M’ho hi-st pair of lollorn cut the jiIohn i-uko inf«» 
Ktri|iH, wlmh w<-u‘ f«'<l on «'n<llcss liainis (o the 
iM'cond jian of ioIIitk, net at n^dif an^.d*‘K to the 
linit. winch cut tin* Ktnpn into ciiIk-s 'JMics<‘ 
cuU'M were allowed to fall into a <hivtin;4 reel, 
with copper wiie mcHhcK hut little Hinaller than* 
the culiert 

y*- //oav/fi WHS cut hv liitml fi'om lh< jiress- 
oako hy nieaiiH of level kni\**s of j^-iin niefal - 
kuivoH hiiii'ed at one end. with a handle ut tiu' 
othw. 'I'he press cuke was Jiisf, ( lit int-o .strips 
an«I then across mto eiils's 

itoth 1* and jiowflers were run in lhi“ 
jilazmij hariels, hy wlinh trealinent the ed^^es ^ 
ainl eorni'rs of the eiilnw were riil>he<l ilow'ti. and 
u hanif'r aiirfaci' piodueed Thr* powders ucie 
(hen lined at o} . which reunited a verv nnuh 
longer lime t han for t he sinalhu-erained powdi is : 
a limslnny proi ess fo||ow«-d. the junviliMs heine 
run m wooden liarrels with iihs wide enough 
anart to comhiru' sift mji with (he Imishm;' 
Kla/.ui^. A small iiuan(it\ of graphite was 
introdiieed into the hariels towards the eiul of 
tlie tinislmiy: proee.ss. 

y*M.vm/rP> innr>ht Tins may he ri eaided as 
a modilii at ion of the peiforat<‘d cake powder 
tievisod hy Kodtnan in IsilO 'I’he lattei powder 
consiHted of cakes of powder comptessed h\ the 
hydraulic pnw«, of tlic diaincicr of the h()i(*of 
the jiuii. and pierced loiii.M(n<hnallv with holes 
of nlHiut \ iiieh diameter, (he cukes heinc p.u-keii 
in till' cartnd^re so ihat-the Indi's should COITC 
H|K)iid. Kolhnan was led to mtroduee tins form 
of powdt'i' by thi' eoiisitleralion that, with solid 
jjrains of ^unjiowdci. the surface undei^oin^ 
('oinbiistion in the j..mn diiinnisluw ivs (ho icnn- 
inistion proci'eds, ami tliat coi\sc(|mn(l\ the 
Htrain on the ^un is greakwt in the caihci Magr's 
of the combustion, in the case of the per- 
fomUsl cake tninpr^wder, as (h<‘ combnstion 
proftn'ttHod m the loi^^itmlmal holt*s. the surfm*e 
uhcleiyoins combustion incr<‘asf'd. Kodman's 
theon^tical view^ weit‘ conlirmed by cxpornm'nt. 
but the liability of the jHTforaU'd caki* jiowder 
to break up by <'arria^i‘ or wdien handler!, led Is) 
i||H rejdacement hy much sinollyr lieMVjional 
prwma with one central eyliiidrieal liole ; the 

K risnw used in this country were aliotit 1 inch 
i^tth. the tiistanre between‘opposite sidce of the 
hexagon almut 1-37 inches, the centra! hole 
about 0 4 inch in diameter. They were upeclior 
heavy breeeh-lo^ng guns, and were packed so 
as to form rigid cartridge. • 

The prisms wen* pressiHi from a modorafely 
laTve srainodfipowder granulat'd from jiress- 
cake ireed^rom dust m the ordinary way, but 
not glaxeii, and finally dncifand blended.* The 
incretwed density of the |K)wdor duo to the <%m- 
prewiun delat'd the burning and reduced tl^ 
initial pressure in the gim. • * 

* Brown or Bom* (unp|wder» The intnf^ 


duction of this powder was a great innovation 
in powder making, os it greatly impro\^ the 
shooting of big guns and allowed the use of guns 
of still larger Valibre than oven the black pris¬ 
matic jiowdor. It was coinposcd of 79 p.c. 
nitre, 3 p.c. sulpliur, and IS p.c,. charcoal per 
IdO of <!ry powder, and contained ordinary 
about 2 p.c. iiioislun'. ‘ charcoal ’ also was 

a very lightly baked material, the jiercentagc of 
carbon contaimsl in it iKuiijg but little higher 
than that in the (dry) w'ood or straw frbm which 
It was miul(‘. • 

'I’liis powder was used for heavy br(‘('(*h-load- 
ing guns in the form of hcMigonal jiri-sms. having 
the Hiinu' diiiieiiMoiis as the black jinsmatic 
pow'dcr 'Pile of Ignition and of combus¬ 

tion of the brinvii jiii.smatic powdc'r was slower 
than that of the black, ami for equal inuzzh^ 
velocities 6f till* pro)<‘c1iic it produced kiss 
piessure in tlji- jiowiler-eJiamlx-r of tbc giin than 
Mat k powder, ami gave a tlnimcr smoki* tlian 
•the laMei 'J’lds waV due (o' till* fact that the 
blown chartoals Jlowcil under tlic high niann- 
faituiinir jnc.ssure ami bound tin* ingredients 
, into a non jiorou.s mass . hhe k jnisniatie ptiwder 
was eompara1tv(‘l\ porous 

Jbown oi cocoa pttwdei gi\e.s on explosion a 
greatei i(uanlily of heat ami a smaller volume 
(*f ijcinuim-nt ga.ses than iloes an equal wciglit 
<*f Itiack gnnp(»wtlei-; luit the larger amount of 
watci \apour in the pKnlmt-s «»f I'xplosion of 
blown pfrwder have an important inllucncc in 
lowering t<'tnp<-i.i1me The products of ex¬ 
plosion of blown jiovvdei nmleigo efuisidcrabJe 
dissociation at tirsi, thus lowciing the initial 
pi'cssiiie in the gun. and sulisf'qnent recoinbina- 
tion, and so gi\ing sustaimsl pic.-.sini'.s as the 
})io|ectiie ino\es along the bore The more 
gradual ilevelopnieiit of (he piessuie and the 
rcdtietion of the maximum pressure increasisl 
the life of the gun ami icmleieil tlic use of 
liglitiT guns pos.sible. 

Sporting powder, ('on.sideiable ipiantitics 
of black gunpouder arc still used for hjjorling 
])urposcs. ’i’lic jiroportions of tlu' ingrodicntH 
\ary slightly fiom tliosi* used for military 
powdem. in ordeV to produce the desirable 
(juulities of <iuiel#igBi1 ion and eoinbustion. Tlie 
ease of ignition of u black jmwifer (hM‘s nOt vary 
much with the eoinposition, hut an exetiss of 
ehan'oal ipiickcns, whilst an excess uB nitre 
slackens, the rule of combustion. To increase 
ihe rapidity of eoidbustion, a siack bumt or 
rial charcoal is usually u.sed msteail of black. 
The composition of tlie sjairting iioVfiler of 
several countnes is guen in the following 
tabh- :— ^ 

• 

('omposifiiiu t>f bind vsal for Sjxrrihig 


England 
J'>anee 
(.iernianv . 
Austrijr-iftingary 
Switzerland 


Poliissiiuin w I « 

nitrate .‘^ulMuir Omrcoal 

Tt'-o 100 ir>() 

7«0 100 120 

780 10 0 120 

7fio a-s ]4.a 

780 90 1311 


The powders are of high prade and eaitfiltly 
made hy procewies practirall3' identical with 
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those used in the manufacture of military ; 
powdeB. Occasionallv thers are modificatioiw,' 
such, for instance, as the use of drums instead of 
mills for powdering and mixing the ingredients, ' 
because charge can 1^ h«H momt. aiul tli(> 
mixing more rapid, so that iK'tter incorpciratiou , 
results in a given time, with resultant greater 
regularity in shooting. 

MlniQg and blasting powder. 'I'he <>]iief n - 
quiromentiCrif blasting ])owder ai'e that it should 
Ik> cheap, *b 1 ow burning, and develop os large ut% 
possible a <juantity»of ga.s at a high t.cMii{M‘raliir('. 
The usual composition of bhistlng j)ow<h*rs in 
various countnes is ;— 

Cnm(>0‘tilion of Ulirk Pon-:}>r umciJ for Miniut/ 
iiH'! /ilashnij /*iirpost.'<. ^ 


— 

Kntiis-jliiin 

Siilplyir 

'hiircii 

England 

75-0 

10 0 

15-0 

France . . . 

72 0. 

. 12 0 

15 0 

Gei'inany . 

70 0 . 

M 0 

K)-0 

Austria-H ungary 

f.O-O 

!H5 

21 5 

iwvly . 

70-0 

ISO 

120 

Russia 

fit; (; 

K;7 ! 

10 7 


Tlu'sc jiropurtiiuiH aje h\ n«i nie.ins iigully 
adhered to. 'I’lms. in luiglami, hle.*-tmg jniwclcfs 
varying from tiu' aliove jiroporlions to - potas¬ 
sium nitrate (i.o. sulphur 20, eluircoal 15, air 
maite. the propoTt-ion <if niti«‘ luMiig <lniiiuish«*<l 
to maki* tlio mi\tur<“ slow(*r burnimr. an elleet 
otherwLse obtained by iiirreasiiig tin* .m/(‘ of the 
grains or compressing to a Ingher ilensity. 
Other ooinpositions <*Mpeeially niaile for use m 
fiery mines will be menlioned later under 
^Blaek powder .safety evplosive.s.’ 

Blasting powder is a laige-giained powiler, 
sometimi^s coated wutli. grajihite, *'oiiij)r(‘KH<‘il 
into cartridges by means of a hydraulic jirt'ss 
As will be mentioned furtluT on, while the 
mining powder with low nitre and high sul]>hnr 
gives on explosion a larger volume of peiinanriit 
gases, it gives a mueli smaller <juatitity of heat 
than black gunpowder. 

Fuse powder. A gunpowder of special 
quality and constant eornf^is^ion is now nianu- 
factured for use in ‘ safety ’ and otlu'r fuses. 
Formerly, siftings from mining jiowder were ■ 
frequently used, but this caused unevenness in , 
burning and was frequently f lie cause of accidents 
through* hang-fires.’ It is*a mealed powder : that 
w, of very fine granulation, but free from dust. | 

S&ita.blo mixtures, determined by trial, of ! 
slower and quicker burning powders arc made ! 
to give the correct time of burning in the time- 
rings of shell fuzes. 

Bickford's safely-fusc (Eng. Pat.1 fill, 18:U) 
is a time-fuse in the form of a fl(!xihle coni or ! 
cable which fits into the metal cases of the 
detonators used for initiating the cxpl^ion of 
cartridges or other masses of high explosive. It; 
consults of a eoniinqpuri and uniform train of 
specially prepared fine-grained powder enclosed i 
in a covering of jute fibre, this core l>eing con- { 
tamed in a tube of waterproof composition amd 1 
tape, or sometimes, for use under w%ter, in a 
metal tube. The rate of buming per unit! 
Idligth varies and is stated with the supply, and i 
It ft al^ liable to alter sUghtly on storage^! ^ 

Properties and products of exfdosion. —Tfae^ 


‘ density' (as dotenuineil by Biancht's densi¬ 
meter) of the difTeWnt kinds of gunpowder 
inenfionod ranges from about 1*07 in the case of 
R.L.d* to about 1-87 m the cose of brown 
prismatic powder. Inerease of density of a 
gunpowder eauH«« its slow'cr e<*mbu8lion, and 
{iiudiT comparable eii'cumstanecis) diminishtw 
the muzzle vi'hxuty of the projeetih* and the 
pressure iu the gmi. 

JiuToase of the amount of moisture in a gun- 
{siwder i'auscis ilinunishedtemperatun' of the pro- 
iluets <vf e\j»lo.Hiun,and li'SKcns th<‘ muzzle velocity 
of the pnije«'tih‘ and the pressim* in the gun. 

Black gunpowder can Ih' tgtitird by a blow 
or by an ineit'ase of tem|MTatur<': it e.xplodes 
at about IKK) ’. Tlu‘ I'xphKling U'inperature was 
taken* by heating smaW grams of the gunjiowder 
buri(‘d in llu' sand of a small deep sand-bath, in 
w'hirh the bulb of a (Jeissler iiressure mercurial 
theriiuiineUT was iiutnerHcd. Black prismatic 
gunpowder iniiamiMl at about 200', brown 
jULsiiialie at IK)4‘. At a ti‘m}K‘raturc slkhtly 
nhovf' KM)" thr* sulphur can he eomj)liW-oly 
volatilised out ol the jiowder without inllanima- 
tion taking place. \'ioh-tle ileterimneil the 
Ignition point by projecting the powder on to 
molten tin Kt'pt at ililTenmt temperatures, lie 
f(uin«l that all ehmses of gunpnwiler after 
jio\v<{i‘nng lireil at from 2**5’ t-o 270", and that 
the firing point depmulH hut little on the com¬ 
position, but t hat lli(‘ Mze and shajM) of the grain 
and tin* piTfeetion of th<^ incorjioraiion alTect>e<l 
tlu‘ results ; thu.H, bhisliiig powder in grams fired 
at 270 ' and e.xtra lino sporting powder at 220°. 

'I’he Ignition of gunpowder is more difficult 
and the raU' of combustion diminishes with 
diminished atniospliorie jiri'ssurc. Jn an atmo¬ 
sphere maint.aineu at a pressure of aboutfO'S 
inch nieieiirv, gunpowder is not exploded by 
<-ynta<‘t with a plat-murn wire heat(*d to rednoBs 
by an efisdin- eiirreiit; the grams in contact 
with the wire fii-^e, and, if the passage of the 
current be maintained, bum slowly without 
1 ‘ausing t;li<‘ explosion of the remainder. Under 
the high jirosHures produced in a gun when fired, 
the velocity of <-ombustion of gunpowder very 
rapidly increiwos. 

'I’ho prcsltirls of the roinhustion of gun¬ 
powder have ]>eon examined by several chemists, 
of whom (Jay-LuHsac (1822), Chevreul (I82fi), 
Bunsen and SchiKchkoff (1867), Karolyi (1863), 
Federow (1808), Noble and Abel (1876-80), may 
be more particularly mentioned. 

The mvi'stigation of the subject by Noble 
and Abel is much more complete tban the 
others, and some of their results will be briefly 
mentioned. 

The quftpiily of hml evolved by the exjilo- 
sion of gunpowder was iletcrmined by firing 10 
to 20 grams of gunjiowdiT in strong atoel ex¬ 
plosion vc&scIh of 32 and 110 c.c. capacity 
reejxictively, the explosion veescls being sur- 
fburftled by water in a calorimeter of tfao usual 
kind. • ft 

• The volume of permanent gmes produced 
was detennined by exploding in closed steel 
vessels, having an internal clpagity of about 
one litre, qu^titics of gunpowder varying in 
fl^ight from about 100 to 800 grams. The 
vessels retained the whole of Uie products of 
explosion, and were provided with an arrange¬ 
ment by which Jthe^aaes -ctfild be idlowqf) to 
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(Mcupc, An<l 1)0 < r»lloot 4 *<l or moahiirod. Tlu‘ 

pro.<HMiirt'm the wjk« moa«urod l>y lueany 

of tho HHUJiI <TUj<l)or^'Hijp;o (piston aotinj' on, 
and <‘oinpros«jiii4, n iinatl < op|M‘r r-ylindor) con- 
laiiiod in a pluj’' ■-rn'wrd into lh<’ vohkoI. 

'rtic jiri'■ in (he i-xpIo'-Htn M'hsoIh vninsl 

wiU, il,.' ..f .ImtL-.. 

'rajijM'ilv of \( hH* 1' 


Nllturr- of jM.Hitrf 

Tot }|Ksiiiin 
Uitlilt<- 

I’ot aHHiiiiii 

sulpliaO- 

I'otjL'*siuni 

t filoriT" 

I’cbblo powili-r 

71 (17 

0 Oh 


If iHf'd hng«- gnun » 
HL.fJ .1 

71 43 

0 13 


Kim- gnuii 

73 

0 30 ’ 


Sjiorllng powd*-r 

7-1 10 

0 2!( 

1 1.0 I- 

.VfiMing powi^i 

(11 (>«• 

0 IJ 

0 1 1 

Npamwb splM-m-iit | 
powdi-r . 1 

7.5 30 

o 27 

0 ((2 

t Vjcoa powiloi 

7h h:i 




With a donsitv of charge of 0-3, the preaaurc 
oliHcrvod waH aliont 5 tons jiorHijimre incj^; with 
0 7 density, the pressure was about 20 tons ; witfcf 
density i, the pi’essun* was about 42 tons ; and 
with (Jcasity 1-2, the pressure was alniut 50 tons. 

Th<“ ])o\v<ier8 exjKTimcnted with Iiad the fol¬ 
lowing percentage composition; the first three 
M'<-re of Waltham Ahlwy make 


Siil|>liui 

('arlKni 

Hydrogen 

().\Vgl-|| 

Asli 

Water 

10(17 

12 12 

0 42 

1 45 

, 0-23 

0-05 

10 Oi) 

12 10 

0 10 

1-27 

0 22 

1-00 

10 ((2 

11 30 

0-10 

2-57 

0 17 

1 48 

10 37 

lo-oo 

0 52 

2 20 

0 31 

1 17 

15-00 

• 17-‘»3 

O-OO 

2-23 

0-50 

101 

12 42 

H 05 

0-3H 

1 -08 

0-03 

0-05 

2 Ot 


Cnun-oal 17-80 


1 -33 


I ho <‘<inuiosi(i 4 in of lii«- solid and gJusiMms 

proiliM'ts ot fill* explosion of these giinpowdns is 
given ill the foli»iwing fal>le ; t h> nuiobeis 
gi\en foi the first tltree poxulerx ai<- the means 


.of !l e\p<Tinients with density'of eliiiigc from 
I to ti 0 . tlM‘ sporting and mining powdei-s 
had density of < hargt* (13. (In* Siianish Hph(‘- 
rieul. (1 7 . — 


ri.Kl 1 N’l'Aci 1 . 

('",Mi-i*si rio\ 

JiV \ oi 1 

'1 L Ml- '1 111 . ! )k\ 1 

*KJ< M A N KNT 

0 v.sics. 



IVi-l.h- 

H i. (. 


S|.<.I(.UI|J 

JMllUlig i 

Spanish 

sjiherhal 

Cocoa 

('urbon diovidr 

.. meimxnh* 

NUrogcn 

Hy-dnigcn Hiilphidi- 
-Methane 

Hydrogen . 

Oxygen 

1K05 

13 03 

32 1(1 

2 00 

0 31 

2 .35 

40 20 
1247 

32 01 
2-05 

0 43 

2 1!> • 
000 

50-02 

10-17 

33 20 ; 
2 4S { 

o-io 

2-00 

O'OS 

7‘52 

31 4(1 
2-08 

2 40 

3 20 

32 15 

33 75 

, ]0-(f3 1 

7 10 1 
2-7:! j 
5-24 . 

53-34 
4-02 ! 

37-80 
2-74 I 

1-20 
0-21 , 

* 51 30 
3 42 
4! 71 

0-31 

3-20 


I'kkcKMSCIK (i.MIMSlTli.N Wn,:IIT UK TllK DiU Slll.lu HksHHIK. 


I^^^a^‘,snlm eaibomite 

.. suijihate 

monoaulphide . 
Sulphur ‘ . 

fhitiMsium thi«M‘yanatc 
nitrate' 

Ammonium seNqui earbonate 
Oiarcoal 


Pct.t.l.- 

0.1,0 

Fiiic- 

graiii 

SjK'rting 

.Mining 

, Spanish 
, spherical 

50 20 

01-05 

51-HS 

50 l(( 

4 1 -30 

: 35*00 

12 03 

15 10 

22 71 

21-05 

0 50 

; 48 55 

18-08 

1440 

Is 10 

12 42 

371(if 


8 08 

S 74 

0 <10 

(1-45 

14 11 

' 7*04 

0 25 

(»22 

.0 13 

— 

295 

0-04 

024 

0-27 

0 i: 

0*20 

0-09 

0-95 

0 10 

oos 

0-05 

0-00 

1-78 

. 0-04 

.0-10 

0-08 

__ 

— 

2-02 





KH(;(>3 13-55 
K,(H)3tUl2 
22-33 
none 


trace 

trace 


The cocoa jM>wdcr gives a completely oxi- 

disod saline rrwidue, and the proiH)i*tion of in- - 

oomplet-cly oxiihs^ gases is smaller with* thfk * - 

powder than with fhe others. • • . 

The quantity of heat (in gnundegi^ 
units), and tfae^volume (at 0^' and 7(W mm ) yf>*n.ish spherical 
of the pertinent gases, wr 1 gram of i\rv Sporting , 
Mwder. were found by Noble .and Abel t<i Fine-grain 
h® A E. L.t». . 

• Pebble 

p nt JiiTyr* *" "*****“* *'*«^**» sulltilde of ‘ 


iUiiiU of heat centimetres 
, 1 ennanent gases 


8310 1 

108-0 

767-3 1 

234-2 

764-4 

241-0 

738-3 

263-1 

720-7 I 

274-2 

721-4 

278-3 . 

616-8 : 

.360S . . 



, EXPtOSIVm li 

H will be seen that the order of decrease i which ia known, at the tem}>erati 2 re, usually 
of units of heat is that of increase of volume , fiO^F. or 70®F., to w)uch it adjust^. The 
0 ^ perzdbnent gases; and Noble and Abel I lower*8topcock is closed, the globe exhausted, 
inerved that the products of heat uniis by gas : the Hto)K:ock opened, and the mercury then 
volume do not diiTcr greatly :&om a constant allowed to rise to tl>c height which the atmo* 
9’aluo, that this points to the conclusion that the \ sphere will support, tlm lower stopcock closed 
pressures at ady given density of charge, and i again, and the upjKT j)art- of the apparatus 
bho power of doing work of the various pow«lcr8, oj)i‘ne<l to the air by means of the air-pump gauge 
ue not very materially diffonuit,—a cimclusion | stojicock. The ojH'ratiuns arc repeated, the 
cerifiod by axperiment for the three Waltham i mercury surrounding the powder grains being 
4bboy powders, and hi a less degree* also forXhe d'h^ subjected to two atmosjiheree pi'pHsure. 
>thor powders. Thy total potential energy (»f J Theglolie is then closed, unscrewed, and weighed, 
gunpowder they estimated at about I{4(>,tMM> kilo- I Then if S- ilcnsity of mercury at tompemture 
jram-metros per 1 kgm. of powder, or a iMtIc of det-<‘rm«nation. W - w«‘ight of glolx' filled 
jnder 500 foot-tons per 1 lb. This CHlculation with m<‘rcury, aiul W, = weight of glolw' liiloil 
iiipposes the infinite expansion <»f tlu' jiriMlucts I witli jiowder an<l mercury; density of sample 
)f combustion, but they ('slamat-ed tlie actual ' • * KxK* 

energy of gunpowder realised by modern guns 1 -‘/\v u; 

w varying from about oiie-tenth 1() one fifth of ’ W,)-{ 100 . 

bho totivl theori'tical effect. Ih/tfurnKtuc IcM .—All kinds of black powder 

The tfmpc'riiturc produced by ibo ox]doHion i are liabl<‘ Ui nlworb more <tr less moisture fiopi 
)( gunpowder they ostimated al^ lUidut 2,100" in {..the air. de|H'ndmg on the uualily of their cliaitml 
bho case of the j>cbble or K.L.tt. powder, at , and saltnctre. Tlu‘ tiuidency any powder mw 
about 2,200" in that of the Sjumish pellet ] to alwcirn moisture is determined by exposing 
powder (Noble and Aliel, 'rraiis. Koy. Soe. : it for a givi'ii tinuv— 24 hours for the smaller 
1875, 1880; Nobel, Iliat-Action of K.\p)o.siveH : powders—in a spin-ially insulated l)ox at a ro- 
a Lecture to Inst, ('ivil Kng. 1884). corded tcmpomtiire, to air saturated with 

ItebuK, in 1882, first sljowed that pri(j».ssiuni ! moisture, from a saturateil solution of saltpetre, 
disulphide IS a product, of the ^•ombuHt^on of 'J’he increase m the weight of the powder, added 
black powder. He considensl that the combus- i to its previous moistun^ content, is taken as a 
tion takes phve in two stf^jes, at first on oxida- measure of ifs ‘ liygromctric quality.’ The 
tion, with tlu; formation <*f |>otjy<Kium sulphati* ; n^sults are. however, not very reliable, 
and carbonate, carbonic aeict gas. free nitrogen, I Av(ih/fi{M .— Aloijtfvrt' is determined by loss, 
and, pi;rhaj)s, carbonic oxnh*; and, secondly, a i on the coarHely ]H)W(ler<‘d sample, after 1 hour 
reduction in which frc<s i^arbori and suljiliui at Ttf', or prcfiTably by exposure over sulphuric 
reduced the jiot.assium sulphati; and carbonate*. a(dd until of constant weight. 

Debus also .show'isl t hat from the percentage The yiilrt' is determined hy extraction wij^ 
competition of the jiowders fired and the jiroduets warm water, filtering, and evaporating the 
of uombustion, the combustion the powder, solution in a platinum dish. The nnal washings 
as an end result, could !k‘ rcjircsonted in the shojjkl be kejit aeparaU% os the cliarcoal has a 
form of an ordinary equation, from whioli the tendency to come through the fihor, evaporated 
theorfjtieal W'ork olbtainablo from tlx' riowder to dryness and again extracted, when the 
can lie calculated (Ikdius, Annalcn, vols 212, filtrate is cltar and is added to the bulk. The 
213, 2f>5, and 2t}8). nitre is dried at 280", cooler! and weighed. 

jfUxamination of gunpov^n. —Tlu* powder. The s^tlphur is osliinated by heating 1 gram 
examined by the eye, should have a perfectly of powder in a licaker with strong nitric acid 
uniform colour, depending on its composition ; until the action modcraH*, cooling a little, 
and a ])ropcr amount of giaz 4 . Small whit<' ■ adding a little potassium chlorate to complete 
Hiiecks on the surfai^e of the grains indu atc that | the oxidation, and evaporating to drynoHS. The 
the mtro has effloresced during drying. The ; residue is trearixl with strong hydrochloric acid, 
grains ^ust lie compact, not flat, in H*haj>e ; and I and again evaporated to dryness. 7’he residue 
their size must be uniform, as tesU^d by sifting ; ; w taken up with water (any insoluble matter, 
and free from dust, as shitwn by the powder j grit and graphite, being filtered off and weighcMi), 
leaving no mark on running it over a sheet of : and the solution precipitated with barium chio; 
I>aper. •The grains must be hard and crisp, j ride, &c., as usual. 

as judged by crushing in the hand. The | The charcoal. —The nitre is wimovocl from 
thoroughness of the incorporation is tested by the gurqKiwder by treatment with water, the 
’flashing’ a small moasure<i quantity of the charcoal and sldphur filtered off, dried, powdered,* 
powder on a porcolam tile by meaas of a hot and treated with caTlx)n disulphide to remove 
wire. The ‘ flash ’ should show but few sjiarks, sulphur. The dried charcoal still retains a 
and there should be no residual solid matter. small quantity of sulphur, which is estimated 

By the density, or rexd density, of a powder is by the method given above, after the charcoal 
understood the specific gravity of the grai& or has*bee1i dried in hydrogen in same maimer 
prisms, including the ^ir contained in their as for a combustion. Tne wei^t of sulphur is, 
pores. It is usu^y determined by the Bianchi of dboise, deducted from the weight of charcoal 
densimeter. 100 grams of the sample, crushed, used for the combustion. Aboa^O'5 ^ram of 
if necessary, but free from dust, are weighed out charcoal is taken for combustion ; lit is dried 
and transmrred to the globe of the densimeter, (in the boat in wlvclf it is to be burnt) W beatii^ 
This removable glass gmbe is fitted with stop- for d5 minutes to 170°, in the cose of a black 
cocks above and oelow, the upper is attached to charcoab in a current of hydrogen. The 
an^aiwpdlnp, the lower connected by means pf a cnarcdal m allowed to cool in the current of 
tube with a vessel of mercury, the density of hydrogen, and is |rai#feit©d to mi air-pmap 
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ivc<-iv<T, wliKh iH tlM'n oxiiftustcd. Tho Iwmt 
with lli« t haT«“<j#iJ IH wiMjihofl in a chiKCfl tulK*. ! 
The <‘<>inbuHt»oii in in o.\yp<*n, a ^oiiKtli | 

of p;ranul(4foil < opj)*-r oxi<h*. iiiaintaincd at a j 
ml ln'in^ III front of lh<* boat; and in ! 

frr*nt of tiio omiJo of ctjiinot is a Kliortor Ji-nj/lh 
of Jrad rlirofnaN-, hf'aU-i) U> vrry low ro*lii»hH 
to ali«or/> NO. or NO.^; in otluT i<-HjM‘rts, tin- 
rornhiisfion iv niad«- as iiKiiaf. 

Other Potassium Nitrate Mixtures. 

Suljihiirlt»'> ffiinfMiiril* r of vatloux <'oin[) 0 ^i- 
(ioriM iiJWi fn-qm-ndv hoon I nod for .s|)* (iil 
pUrpOHtVS. I»ut M'lthollt Mllli'll l-bS. 

M'lidoix a |»oud*'> oksv of lyiiitioti and in< 
it.H rate of }•lllnln<.^ and its inr liiMon |'ra> ti< 
i'MHontial. NnljilnirloMH |Kiwdrr. mioo(>\»i. 
d'lnioiiry to to dn^^t on hfoiat''' oi 

handling. 

Anlinioiiy hnlpiiido han Ixm m a^i a 

foi suipiint in him k pov^dii. hut it i.-^ 
(>niy in <-«'rtain dotonatiiiL' • oin|><-‘-it i< n- Itiut it 
iHUdimlh U'^fd 

Many <'oinhiiH(il»|(« stilisf aiu-os. jinionL’'-t. 

othriN «oal. coko. prat. sawdiiHt. iiaik. l)ian. 
tan. Nii^ar. Nianii. drxtnn, ^’iirii. li\dio< ai hon^ 
Mucli as paraflin ainl naphthal<-n<‘. h-rro and fnn 
♦•yani<l<'H of ptdaMsiuni. taitan*' H<id. Ihxlu IN- 
HikJt. Hodnim a<'ofnf<', A<‘.. Iia\r Ihtti piopoMixl 
and pafrnfrd a- Huhstitufos for all oi pait of 
tin* rjiari'oal in nitniti- niixfurox Mans o{ 
HuhstunorH an* Muhstituti-d in oid«i to 
n*<!»<*<* tlio amount of snioko TIm-v alni<»>'t 
invanaiily rrdin-o th<- inilanimahilit \ ot lli<- 
lowdrr. slarkm its coinhuHtion. ami Iravr a. 
arjjo amount of rrHidm*. hut fn*(jm-ntlv jriM* oH 
larger ({uanfiti<‘N of gas 'I'lieHi* nnvtun's wm- 
Hiigg(iNd*d pnncipall\ as l»lio>ting r\plo>i\cs. 
and many were a.utlion.sed for manufartnie in ' 
tIuH eoimtiy. Imt at the presrnt luiif tli<-ii usr 
in praetieallv eoniim-d to the ('ontiiu'iit * 

A few of tlawf' «*\plosiveH will sulliei* : 

/Vo/i.v was n iiiivture of nitn*. tan. and 
Nulpinir. with Kinall <|iianlities of non sulphati* 
aiui glyia^rol. and it was elaimod that iutrt>- 
giy(‘(*rin wan iirotliKas! dunni* <*\plosion • in a 
nlast hole, with ronseijiient ineiease ol p<'wei 
('fithomtf. as introduced l»v Ih-lliioll of 
Berlin, wiws a mixture of mtioheir/eiie. ])ot:Ls>ium 
nitrate*. Hulphur, and kieselguhi . m»u! to U- 
phw4t.H' enough to till a lane lu>le, to l>e non- 
explosive hy blows, w'hen inflamed to hum 
away quietly witimut- explosion, and when 
cletonatetl to have the Hame explosive force as 
i:u‘H(dgnhr ilynaiiiite. It has been usetl in 
eoal-mines in (Jerinanv, hut modern <*aihonites 
cont'Win nitrogHeerin, and an* nientioneil undtr 
• [>yn»inidx<.' « 

('arborszotim was a mixture V>f nitix'. lamp¬ 
black. RawduHt, and Kulphnr, with a lilth* iron 
Riiiphatc. This explosive recpiin^i <*oniprt*«Mon 
int^ oartridges lH*fon* it woiihi explode. 

J*rin>litr, as manufaoturetl in ilunp»r\,aiH a 
mixture of iiihie, worn! pulp, ^oke-diist. and 
sulphur. ^ 

Jahnitr, as made in Austria, is a mixture of 
nitre, li^uite^oal, and sulphur, with very small 
quantitu'^of picric acid, pok^^ssinm clilorate, and 
t^eiiied soda. • 

a similar mixture t-o tlie*lasl, 
contained At re. charcoal, .bran, or stctrqli. fftni 
^Iphur, with ^lUtlq magnesium sulphate. This 


powder had a very slow rate of combustion, but 
dcvcIojH-rl large qiiaiititio« <)f gas. It was used 
on a large scale for blasting operations at the 
Iron (latcH on tlu' Itanubc. and in coal-mine*!.* 

Black Powder Safety Explosives. 
Ordinary hhick giinjiowdcr is unsuifahle as a 
hlasfing agent for use in ticiy mines, ami its use 
IS even wlu-re jiroliihiled for tins jiurpose Many 
niodifieafions of gunp<iwd('r lone been tried, 
and several niixtnies hav** hemi mpmifaeliircd 
which were aide tr) piL^s the ollieiai tests. A few 
of tlx'se mixtures aie •- 

.-t/r/z/s poinhr. will'll eontaiticrl 81 }>.e. 

potasMum nifiate. Is.o p( (liaifoal, <‘ontaiiiing 
.‘10 j» e of \ oiat lie mat ter. ami tin j. e sulpliin 

jiiiir(fn. which loiitailif'd .ft p e. 
nilie. and I'l p <- «liiiT<' 0 !ii, (ontaining Titi ji e. 

\ olal il'' ipat 1 <‘i 

K/i /ifianl-fiiffu/ whuli had tlu* rrmi- 

positioi) of-ordinarv gunpowdru. Iml JS’o 1 was 
tiled with t* tnehc s of atiinioninni oxidati*, and 
No '2 with t» iihIk.s of hodiiim hu aihonafi*. in 
front of thy < aittnlL'c. 

(f.rdlnli I'/it'-lnifi i. whiili was < ompf'sod 

of 71 ]>e nitre. It j) e. ( hafeolil, ami I.h pe 
ammonium oxalate 

All tlu'se *xf>los)\iv well- Mi]»se(jU(‘nlly 
removed from iIh* jk iniitted ' h'-t 

liiihtuiiili. nianiifaetuii-d hv (iiifis and 
Mai \ e \. IS .still on tin* }« i nut led ‘ list. ami w as 
1 lie most extensn «1\ n*- e<i ol all sa l( t \ ex piostv < s 
in this • .mnliv in IfMII II is leailv a liigli guide 
gunpowder, 'iintaining hut little siilplmi. witli 
adiiecl ingri'dierits to incn-ase the s.ifetv As 
oiigirmllv made, if iv)nsisled of li-l pi. mtte. 
l! p <• sulphur, and Ih p <•, eharr oal. with |.'■|p< 
of a mixture of aniinomiiiii sulphuir- and copper 
sulphate in a later «oniposition the iiuxlmc 
of a 111 mom II III ami <-oppiT MiljdiuteN was replan <I 
hy s; ]i e of start h am! ‘I ]• < of puiafhn wax, 
tlu' other tiigtedicnts hemg roircKpomlmgly 
im teased 'I'he mixture is rompresKed into 
pelh-ts. which are ramted with purafhi) wax 

Itohhmile IS safe to handle, and is liicd 
without rleloimlors ; it is slow lunnmg, ami d(n-s 
ru'f Ineak up tin,* eon) so imieli as mrxst salcty 
I'Xplrisives A tdlua* Committee was 

Hiipointed in to investMg.ate the allegerl 

danger of ‘ hohhinite ' in tu*iy niiiu'H, but it 
com tmle(| th<it these fear's weix* gr^ndlcss. 
ami the mamifaetura* and use of the ^plosive 
was still pi-riinttefl, I’lie eoinnnttee alR<i con- 
• ludeil that the damage witli ' bobbinitr*,’ as 
with oth(‘r cxplosivi's, was greater w^lien the 
shots were not eflieiently stemmed. It was the 
only ])owder of this eloss to pass the Wordwieh 
It'st T<‘r ‘ I'ernnlterl Explosives.' but it after- 
wiuxls (•iled in tlie inort* severe Rotherham Uvst. 
iktid in 1914 Its use was restneted to mines that 
, were not lh‘iy. 

• Sodium Nitrate Mixtures. 

Sodium intrate lia-s a higher pererntage of 
available nxvgt'ii thanepntrissiuni nitrate, and is 
; also elieajrer. hut it*i hygro-seopinty is a great 
j rlruwback to its use m po’wders intended for 
, kec-ping a long time. Jn dry eljinate« the sodium 
nitrate p«)wrlers. made as required for eonsump- 
! tion, have b<*en used, as tliey effect a saving and 
! are more powerful than the correaponding lytrc 
' mixtures. A sodium nitrate mining powder was 
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u»ed» lor iiu}tance» ou a largo Boalo and with 
x>zi8ider^blo economy in the Suez Canal worka ; 
JUt fiucn mixtures are not in very general use. 

The replacement of the ]>otassiuiu nitrates of 
slack gunpowder by an equivalent quantity t>f 
odium nitrate would give, according to Bcrliio- 
ot’s calculation, if the chemical reactions wtuv 
ixactly the name in the two cas<w, a slightly 
reatcr quantity of heat and a larger volume of 
asos. * 

Mixturdfe contaiiuiig siMlium nitrale do not 
j;nito so readily, and burn more slowly than 
hose contmniug the potassium salt. 

The liygroscopic propertHts of sodium mt.rate 
.ro chiefly due to traces of nifrat<‘s and i hlorule!' 
if calcium and magn<*sium, which it is iinposMble 
o eliminate on a commercial scale ; chemK-ally 
)ure sodium nitrate being only slightly dclupu'* 
cent. In rcciuit years, it has been iiroposial to 
•dd a small quantity of oil, or liquid, or molten 
olid hydnxrarbon, to sodium inflate e.\plosi\e.s, 
!X order to coat t.lu^ ])artieles of mlrat^', and so 
irevent the alworptiou of moi-stun* 

Sodium nitrate lias been uscal, ifr ))ropos<Ml. 
n mining powders, either alone or in paitial 
ulwlitution of tlu- potassium mli}i.t<‘. with 
iractically all th<' mimcious (omluistibli' siih- 
tances gnen under ‘other jiotassmiu nitrate* 
nixturisi.’ Kor example, one of tlie eailv fonns 
if ‘mrhort//f,’ iiinde b_\ SeliniKlt ami Ihelu*! of 
>chlebus<-li. consisted of if-JO paits of siidinm 
utrato, ) ])aTl of siilphuietti-d tai oil, uiul ff’h 
lart <»f nitroeuiiiene. 

Considerable <jiianfil-i(*s (if sodium nitrate 
ilaek blasting jiowiler are used in the I'niled 
itati's, an averag*' eoniposition being : 711 to 

4 p.c. si>dium nitrate, !(> p.i-. charcoal, and 10 
o J1 p.c. sulphur, and a mild <*xpl(>.sive known 
ks .s/)r(7e/sa/;x/er, which luvs tin* eomposition 

5 p.c. sodium nitrate, lo p.c. brown e<ial, 
.ml 10 p.i*. sulphur, is largely u^^cd in the 
>tassfurtli mmi*s. Anotlu-r tiennan (‘\plo.siv«* 
if tluH c husH IS called I'ttiolifistii or Il(jl<}llri.4it 
t IS a eompn'ssed mixtim* of till p.c. Hodium 
ntrati*. .7 pc. jiotasHium nitrate, 15 pc. eoal- 
ar pitch, 10 ji.c. suiphur, ami 1 p.c. p<»tassimn 
iiehroinate. It is mote m^weidul, but less 
icnsitive to blow^tlmn ordirmiy gunjiowder. 

Barium Nitrate Mixtures. 

Ha^m mtratc contains a smaller jiereentage 
jf available oxygen than pt>ta«sium nitrate, but, 
owing to its higlior speeitic^ gravity, it eontuins 
more o.^vgen, bulk for bulk, than the !att<‘r salt, 
and friirn thw point of view should bi* more 
valuable in disruptive explosive.s. It also has 
the advantage that it is the least li_\gro.seoj)ic 
of all the nitratea useil in e.v]>Iosive^ but its 
higher price is against its ase. Exjj1o*vc*s con¬ 
taining it have a higlior ignition-point and are 
slower burning than those eonlammg potas-sium 
nitrate. ^ 

Barium nitrate, mixed with gunpowder, was 
used at one time in Pru^ia for heaifr guns, and 
a black powder containing banum nitrate, 
sulphur, and charcoal was also used. Wyimiits, 
m Belgium, intr<xluccd a gunpowder for military 
pumuses, in which nitre was practically orjvboUy 
replaced by barium nitrate, the ^rrains living 
dusfbd gver with gunpowder to increase the 
infloifimabiUty. It was found to be unsuitable 
for small tums on accoozit of its slow combus* 


tiou, and for cannon, becauso of its ‘ foulingr^ 
and w|i8 only used as a blasting ^wdor. 

Barium nitrate is chiefly used as a constituent 
in some modem military and sporting smokeless 
powders, but is occasionally sugge^ed as the 
oxidising agent in blasting powders, for example, 
Easton (Eng. Pat. J8551, 1909) pro|>o8ea a 
mixture of barium nitraU*, trinitrotoluene, and 
aluminium powder for this purjioso; and 
Buttowh (E.S. Pat. 958919, 1919) H|)coifie8 a 
iinixture of 32 parts barium nitrate, 10 parts of 
tolm*u(*, and 8 parts of aluminium, with or 
: without' the addition of charcoal and paraffin 
wax. An English ‘ authorised ’ explosive named 
llr<Kl.iii tt im.xture of barium nitrate and 
alummium ]>owder. 

• Barium nitrate, liowover, is more usually 
f«iund as a secondary oxidising constituent in 
explosive imxturoH containing larger propor¬ 
tions of other oxygen salts. Tluvse are classified 
umler the principal, or most eharaeteristie, 

• •oxygi'ii salt. ^ 

Ammonium Nitrate Mixtures. 

. In 181)7 in ,Swedi*n. Oblsson and Norrbin 
patenleil the usi* of ammomuiii nitrate alone us 
an <“xpl<iNiv<*, and also of its mixtures with 
eomimstihles, sm-h as cliarcoal, sawdust, naph- 
tlialeiK', lutrolK'ii/ene aiul piene acid, in pro- 
poTtion.s to give eornplele combustion. Tneso 
mixlure.s weie used tf» a limiUid extimt for some 
turn', but. owing to the hygroscojiii’ity of the 
Tuixtuie.s uiul the difiiculty m ensuring their 
explosion, their use was dropjK*d on the inven¬ 
tion of blast ing gelatine by NoIk;!. 

Spiengel, in 1873, showed that a mixture 
of ammonium iiitraf i* and lampblack or cliarcoal, 
mixed with ordinary sporting powder, when 
fired in a nth*, eausi’d a corisiderable increase in 
till* mitial veloeitv of the bullet, os compared 
with tin* vh*loeitv imparted by tlio same weight 
of spoH.ing ]iowd(U‘ (( hem. Soe. Pro<“. 1873, 895). 
Aininonnim nitrate, although containing 90 p.c. 
oxygen, iiaving a comhustiblc base, has only 
29 p e. oxygen available for the oxidation 
of othci Hul)stanci« ; Nll 4 N().,=^N 24 - 2 H 2 (.)H-t); 
w'inlst ]>otassuiin nitrate has .39'9 p.c. available 
oxygi'n, supposing K^O to Ik; formed. Am- 
; moinuni mtrati; imJts at about KX)'^, and 
' b(;giiiH to decomjjoHo at 2()0'\ undergoing 
what iH jirmdii ally an inb'nial combustion. If 
heatoil suddenly t<) a bigli tcinjicraturc, as by 
proj(;etmg it on a rrid-liot surface, it doflagratc» 
{ violently, and i>c Bruyn, in 1891. showed that 
i it can be detonat<*d by the use of a sufficiently 
1 fiowerful detonator. 'J’ho great drawback to 
; the use of aipmonium nitrate in explosivo 
I turm iH that if is cxtremolv iiygroscopic. 

An explosive powder Utr use in guns wid for 
: blasting purposes, patenteil by (jiaens in 1885, 
j and termed amide, “powder^ is a mixture of 
! anvnonium anil potassium mtrat.cs with char- 
\ coal. The constituents wei^ii us^ in such 
j iirmiortions uS to give, on ignition, jmtaasamido 
1 kllaN', in a,c;cordanco with the equation: 
KMia-fNH^NOs + SCsKHjN + IliOH^O^aCOj+SK, 
according to wlyelf the powder should bo com- 
of 101 parts by weight potassium nitrate, 
80 parts ammonium nitrates, and ^ puts char- 
The potassamido is stated to no volatile 
at high tcmixiraturBs. fiiereasin^ the usc^ eiS§ot 
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of the cxpl<i<j»v<‘, und burning without r<«idup, 
It in ulaiiuod further for ‘the amult ■ptnt'dt^r that 
when burned it h>uv«H very little n«iidUt, and 
given much Ichh Ktnoke than ordinary gunpowder. 

A no-calletl Hfnokehvw powder, known an 
* Hfidi'.r i>owhr,' wie) at on<5 time inanufucturcd 
in Swit/orland, and consiated of a niixtiire of 
nitre, ainmoniuni nitrate, Hulphur, and charcoal. 
It Wart practically ni»n liygrohcopio. 

Not only uininoniuni lutratc Ituivc no 
Molid roHirlnc on conilniHtion, but ita 11.^0 11 ^ 
expl<wiv<^-i luiH lM'(*n found to greatly reduce the 
tefn|H‘raturc of ox])loNion, und thw Iiuh cauHC'! 
it to lrt> very lurg(*ly oniployerl m inothTii ho 
called ‘ Hafotv cxplwivi-H ’ for use in hcry iiiincb 
There are uImo a conNiderahIo ntiinlrtT of uni 
moniufii nitrate exph»o\ cm ni>w in iih 4< foi'|.o ic-ral 
blasting work, and the \(‘rv laigo dcrii.-iinl f(»r 
rthell high explortiviiH during the lartt l'‘v^ scain 
hart lo«l to till' general uhc of Hininontoto nitrate 
mixtunw with nit rohydrocarhoii)'. e.spc.cially 
H'itli trinifnitolueiie, for thw jiiiipoM- (,-i. under.. 
Ti^iitrotolucnc) The iii<Tca.smg luaniifac lure 
of nitric acid and antnionia by k v nt het u iiK'thod.s 
will probuhly lead to the iinc' of tliiH etuaH of 
rixphmiv<‘H lieing Htill furdicr ctmNiderabiy 
extended. Art above rttattal ariinionitiiu iiitialc 
aloiK' under suflicient inipii|s«- i.s un e\]ilo.siv<‘. 
but it hart l«>en found that the uihhtion of h(Uih- 
comhurttiblc rtubstani c. not iicci'^Manly explortiw 
in itrtc'lf, irt iiei'(w«ar\ to f<uui an enn icMt- lilasting 
agent or niditary liicdi explosuc. 

Thcrte exploNivc.H a.e u^ed with Thoroughly 
water-proofed wrapper^, treated witli jmraflin, 
eerrwin, and rertin, <TUiie \iiHelme, |H-troleiini 
irodui’trt, Ac, or willi wrappii-H of ihui imtai 
oil, and the partH h-H of nitrate are fre.jiiently 
eoatorl with rtirmiar rtul*.‘'lance>. or with tiu* 
other <-onf»tituentH of the im\tun'. from vnlutiorr 
or by furtioii, m(» jih to lender them non-lugro- 
iieopic. 'I'iie aihiition to aniiuoiiium nitiate 
luixtiinw of Hii\eiul rtuhrttanee.'<, mu h a« henii 
Holitlrt made of glue, dextrin. Ae , aniline 
nietallie eoni|Hiunilrt, such Urt atiihiu' copper 
Miilpliate, kM'rtelguhr. Ac., haa U'lm patentofl to 
rounU’ract tlu» aetion of atmortpluTie inoi'^ture, 
by alworbing any moiKiure originallx jm'seiit, 
or 8ulMei[U<'ntiy taken up on storagi-. an<l so 
leaving the e.xphwive conHtitueiitrt in a «lry .stat<‘ 

In manu{a<-tuix‘, the anunonium nitraU' is 
roughly erurthed if necoartary, then tlunoughl} 
dried ^d rmwdered in ^ rtU-ani-jaeketeil edge 
runner iiiilf and aieved. The wiexed nitrate i« 
then intimatrtdv mix<‘d in tin* Name mill, or in a 
rttoam-jaokettKl pan with guuiiu'tal stiirer-rt, with 
the other ground and sievrHl ingredientrt. If a 
mtro-lK>dy of low nioltiog point is a eonstiluent 
•f the iuixtim*. it is usually i^ldei^ln the rnoltt'ii 
form, so m to e<mt' and waterproof the grams 
of nitrftte M far as possible. Finally the inixtun' 
18 alkiWCKl to cool down to a cortam extent, and 
then made up into cartridges and wateriiroofrd, 
OT nacked for transi'tort in nietaMinod Wrm^ti- 
oally sotded ^l^'kages. Animoiiiuni nitrate 
unfic^ocH a change of crystalline form at 412'' 
with inereasom volume, and its mixtures should 
not be tn^o up into cartridges or packed at 
a higher Umiperature than tlti8,^r the cartridges 
expwed to tho direct rap of the sun, asgtcs- 
pecially in thi presence of a little moisture, th^ 
may set very hard and become sRtr^eiy 
ifnmwittve to deioaatioiif In an atmosphere ^ 


less tliaii a certain humidity aininonium nitrate 
is not hygroHcopio, and wot amriioniuni nitrate 
will lose moisture and Ixu'ome ijuite Ay again 
under thtwe conditions, though deterioration of 
the exphiHue may iiave taken place whilst it 
was wet. 

Tho ammoniuiu nitrate mixtures are nou- 
rt«*nsitive to rthock, and rc'({Uire a hlrung detonator 
tocnhuri thcrc is not a ‘ miss-lire,’ and todetouatu 
them <'oniplctclv and so dev<‘I<ip tlx-ir full forci*. 
Although tin- p(»w«T of thcrt^ riuxUuesds iiuTeased 
bv cijinpicrtHioii. flic <lilb<‘ully of detonation also 
incicartOH. W'lu rc iiu Ic^L‘^c in powi'r ik tu-ccsisaiy, 
but tbo UNO of a moi(‘ powerful ilclouator is 
uiidefliralile, the difbcult,\ of dctoimtiuii may i*o 
o\cr<:oni(\ by using a small i|uaiitily' of an 
mtcrmciliary • pnmmg ' <‘\pl<>siv('. wliicb Itc- 
(jucnlly may Im- tin* original I'Xplosivc itself in 
a loose f<uni. The Stu I'nivciselh-d Explosifs 
(Kr Tat ‘jrilT.Vl. I‘iJ2) claims llmt. the case of 
detonation'of anmioiunm luliatc cxplo.'-ivcs is 
impro\ed Ity adduig a.n atjiuams solution ot 
gum \sif}i giinpow(h*r in Mispensioii lo llic 
gianiilatr<l‘explosuc .Many ot tlie.se rnixliiies 
are extiemcly dilli'nil to iikgilc, and ulniosl 
iinpos.sibie to k<‘<'p Imrmiig !/( t 'liateiici has 
pi oi»<>Hed to er \ htalli.se a ill t i<- pot a-.^nun ( hloi at<' 
Mitft tin' ammoiiiiim niti.ite to lemk'i' the 
tmxl-nres nioie scnsitue .Mi le .iddition of tlu' 
ebloiaU' is in.i<lmih.sib]e, liet aiisc of llic gnat 
danger 111 niixiMg. ami the m lion ot tin- imxMiieh 
IS Hlrt<» rtonieivhat irreL'iilar ; llie s.ilih licmg 
isomoiphoiis. (bey may be eiy.slajlised togelber 
m any propoilioiis, jmd ttie.se ditlKulticK (‘lei- 
«'oin<‘. 

The folKiwnig are some of t lu moie inijioitanl 
ammonium niliat<‘ explosives, (ontaming siiiiple 
eombu.stihle sul>stances 

CttltHjni liottu'ni contauiH kd pc .iinmohiuni 
nitrate, 4 t> p.c. xi-gelabh' oil, 12 p< siilplmi, 
and (III pc. barium nitrate. 'J'liis (xplosuc ih 
nianufaoturcii m this country under th«‘ name 
of J\ mhnti 

Ikihiniuilf at one time i-oiirtistcil of ji imxline 
of tile mtratert of poriissiuiii and amimuiium 
with naiihtbaiene. Jhifimnut/ .1, tlie luodeui 
xaiuation, is eonipoHeil of tU 11 p.e. aminoniiim 
nitraU’, b o p.#. •jiaphthalenc, an<l 2 2 jm. 
]Mdiirtsiuiu di'diromate. 'rbe naiilitbalruie is 
melted with the lutrate, to as t<) ei*at ami 
waterproof it. # 

'J’wo Auhtriari safety explosives arc iMfnnin- 
moii, eoiit4iining 87-^8 p.c. auunoruiiin nitiati' 
and 12-13 p.c. eharcoal. and 
which contains 94 p.c. ammonium nitrate, 2 p.c. 
pot^iAHium nitrate, and 4 p.c. charcoal. 

Klcrlroiiiti^ a ‘ m-iniitted ’ safely exjdosut! 
mailc by-t'uriirt and Harvey at I’onbridge, w a 
ini.xtun* of 76 p.c. ammonium mtrate, and 5 p.c. 
barium nitrate with wood meal and etarcli. 
Tho produotrt of detonation are chiefly water, 
nitn^en, and a little carbon dioxide, and tho 
flame is of t-oo low a teuipcratim^ to lire explosive 
gas niixtum. , 

Ehcfronilr Kv. 2 consislf of 95 p.e. of 
ammonium nitrate and S p.c. of wood meal and 
staix'h. 

frgrfortfe ctmiains IK) p.c. ammonium 

nitrate, 4 p.c. roein, 4 p.c. dextrin, and 2 p.c. 

I pot-asrtium diehromude. ^ * 

j^rogrreagi/e contains 89*1 p.c. ammdhiilm 
nitrate, 4*7 p.c. aniHne hydrochloride, 6 p.c. 
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ammomum aulpbate, and 0*2 p.c. colouring 
matter. 

Son^Uff., a Swedish explosive invented by 
Sjoberg (Stockholm, Eng. Pat. 11658, 1887), 
was a texture of ammonium nitiato mixed 
with a solid molted hydrocarbon (naphthalene, 
paraffin, and the like) gelatinised with a liquid 
uydrocarbon (such as paraffin oil), and contaioH 
pure or similarly gelatinised potassium cliloraU*. 
•It was found to bo unsafe, owing to the inter¬ 
action betwdon the nitrate and chlorate. 

Wtsffa^te is made by the WcwtphaliHeh- 
Auhalti8cheSpreng8t()ff-A(“tien-(JeseUschaft. .Vo. 

1 contains 95 p.<'. ainiiioniutn nitrate and 5 ]>.c. 
of rosift or gumdao. In No 2, 4 p <•. of tiie. 
ammonium nitrate is replaced by nitre; and in 
Woftfalitf tm/w'-w/, 3 p.(;. of arniuonium nitrate 
IS replaced by potoHsium diehroniate. The ingre¬ 
dients on' ground togi'ther .with aleoliol or other 
solvent of the ri-isin, aneP then heated to drive 
out the solvent, ground furtlier, and eoiniiresHod 
into cartridge.^ by a sjioeial shaking inacnine. 

The nitro derivatives of flio aroinatU' liydro- 
carlmns, whiiih, as a rui<‘, ai<' not in,themselves 
o.xploHive, form powerful explo.siveM wln'ii mix(’d 
with ammonium hit rate. 

Ahchtr is an ICiiglish ‘ fM‘rmitted ’ e.xploMve 
of this class. Several variet ies hai e been made. 
No. i contains ammonium nttrato, dimirobenzene, 
and trinitrotoluene witli sodium ehloride as a 
niodcrant. .Vo. 4 e<jntaiiis ammonium nilralrf', 
trinitrotoluene, and starch, with sodium 
chloride. 

The Ammonitr.t are a class of e.xphwives 
containing the nitronaphthalenes, manufaetured 
by the Miners’ Safety Explosives Co. An 
originally permitted it contained 8H p e. ammo¬ 
nium nitrat’d and 12 p c. dinitronaplithalcne, but 
this was rendered safer by th<< addition of sodium 
chloride, the modified c(>niposition biung 75 ji.c 
ammonium nitrate, 5 p.c. dinitronaplithalcne. 
20 p.(?. sodium ehlorid<% and up to 1 ji.e. moLsture. 
'i’be charge is contained in a I(;a<Min alloy case, 
watcr|)roofcd with jiarafhu wax; limit cliarge 
18 oz., pendulum swing 2*44 ins. A'o. 5 con¬ 
tained tri- instead of di-nitronaphthalene,and 
No. 4 had part of the aramoniupi nitrate rcplai-ed 
by sodium nitrate. The lirq^t charge of No. 5 
is 26 oz., and thc^pendulum swing 2 41 ms. 

Amvis is a mixture of fK> p.c. ammomum 
nitrate, 6 p.c. wood meal, and 5 p.c. of clilorodi- 
nitrobemene, or of a mixture of dinitrobenzenc 
and clilorinatod naphthalene^. 

BeUiU, inventea by Lamb, of Stockholm, 
is a mi«turo of ammonium nitraU; with meta- 
dinitrobenzeno. No. I contains 16-5 p.c., and 
No. 3, 7*5 p.c. of the nitrohydrocarbon. 

The mixture is heated to a temperature of 
between 50® and 100®,in order to coat tnc^particles 
of the nitrato with the fused nitro compound, 
and compressed into cutridges before the 
mixture is cold. In earlier mixtim«, other 
nitrates were used, and the specification men¬ 
tions other nitrohydrocarbons. Boll^ is diffi¬ 
cult to ^nite, and ceases to bum if tm source of 
heat is removed. It is claimed to bo a very 
powerful and safe explosive for luic in hcry mines, 
and can only be fired by a fulminate detonator. , 

^ manufactured by the lAncashire' Ex- ’ 
plosiijea Co., Bdlite No. 1 contains 62-65 p.c. ' 
ammomorni nitrate, 14-16 p.c. trinitrotoloeno, 
15'5-i7’5 p.o. sodium Gfaj^de, 3*5-5'6 {>.o. I 


starch, and up to 2 p.o. moisture; limit chuge 
, 20 oz.. pendulum swing 2*74 ins^ Later varteuM 
: contaiiung dlnitrobcnxene, which have passed 
I tlie Rotherham test, are No. 2, containing M p.c. 
ammonium nitrate, 12 p.e. dinttrobenxene, and 
27 p.c. sodium chloride; limit charge 32 oz., 
[>cndulumswii^2‘42in& ; and No. 4, containing 
(91 p.c. ammonium nitrate, 14 p.c. dinitrobenzenc, 
and 20 p.o. sodium chloride ; limit charge 18 oz., 
jKmdiilum swing 2 92 ins. 

Bloric BcUitc oontains 61 p.c. ammonium 
•nitrate. 12 p.c. trinitrotoluene, 24 p.o. sodium 
oldorid(‘, and 3 j^c. plumbago; limit charge 
30 07 ., fM'ndulum swing 2‘48 ins. 

'fhe 1>cn.oU\H are inlniiig explosives of this 
class w'hich have passed the Belgian tests for 
safety . ( xjilosivi's. A’o. 3 contains 74 p.c. 
ammonium iiitrab', 22 p.c. sodium nitrato, and 
4 p.i-. (rinitrotoluene; limil i-harge 700 gins.; and 
.Vo. 4 18 p <*. aniinoniuin nitrato, 46'5 p.c. 
potaKsiuni nitral<“, 19 p.c. (rinitrotoluene, and 
17‘5 p.v ammomum i hlon<lc ; limit I'liargo 850 
•gms. 9 

])orJjf IS a (Jennan explosive i-ontaiiiing 
ammonium nitrale with 5 p.c. of potaKsium 
nilrat<‘, lh(‘ «-oml>UHtibl('8 being (nnitrotolueno 
ami 4 p.'-. flour, and some 15 to 20 j>.c.; sodium 
chloriihi b<‘ing added as n'strainer. 

Jhtuilnought fxnnln on the English authorised 
list cuiituinH 73 77 p.c. ammonium nitrates 
14-17 pc sodium nitrate, 4-6 p.c. ammonium 
ihlondc. 3-5 pi-, (nnitrot/oliicne, with up to 
1 p.c. of moisluii*. and coloured witli a trace of 
‘ red oil; ’ limit charge 32 oz., pendulum swing 
2-0.5 ins. ; requires a No. 7 or more powerful 
detonator. 

Vurcr.fhnni powder is a ‘ jicrmittod ’ explosive, 
manufaetured by the (Vittoii Powder Co. It 
eonsistcd at one t-ime of 85 p.c. ammonium 
nitrat-e. II p.c. (ImitrolMiiizciie, 1*5 p.c. am* 
moltium chloridi*, and 2 5 p.c. sodium chloride ; 
but more recent compositions are: No. J, 
84-86 p.c. uinmonmrn nitrate, 10-12 p.e. 
trinitrotoluene. 1-2 p.c. ammoniuiii chlondc, 
1-3 p c.Hodium <-hioriae, and 0-2^ p.c, moisture; 
and No. 2, 87-93 p.c. ammonium nitrate, 9-11 
p.c. dinitn>tolueno, and 0-I p.c. moisture. The 
explosive is lontained in a metal case and 
fired by a No. (i detonator. A later variety, 
compounded U» meet the Hotherham test, con¬ 
tains 47'5 p.c. ammonium nitrate, 24 p.c. 
otassiurn nitrate, 10 jac. trinitarotoluone, and 
8'5 p.c. ammonium chloride; limit charge 
24 oz., pendulum swing 2’61 ins. 

Faoirr'fi t^xjtloaivr, the pioneer explosive of 
this class, first patented in 1883 by Favicr of 
Paris, wiw a mixture otiaminonium nitrat<% 
mono-, di-, o« trinitronaphtholeno, and a little, 
ammonium clfiorido, mixed and comprawed 
whilst warm into metal cartridges,'‘'la&d coaled 
with a solution of lac or resin. It w4h inahu- 
faf^tured In England under the name of 
www>,*and by tlio French (jovemment under 
the name of ‘ Exjdoaifu N' ttu ^ GrisouniUs.* 
Tw^ explosive^ which nave passed the Belgian 
tests arc Favier 2 5m, containing 776 p.o. 
ammonium nitrate, 2*4 p.c. dinitrA^phthalene, 
and 20 p.c. ammonium chloride; limit charge 
500 tfms.: and 3 5t« ; containing 60 p.c. 

ammoniam nitrate, 11 p.o. poiaBs^in nitrate, 
84» p.% trautrotoluene, 0 p.c. fiour,*^ p.c. alum, 
6^p.c. btoum c«rboncte,« 4 . £, 0 . ammonh^ 
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chlori(i<‘, an<i 0'5 p.<-. jxoUu^iuiii {K^rmaiiaf;anaUs 
limit ciiaixo 

FmcUtnlf li w an «»n the Ht'lyiaii 

f)oriniti4'<i liHt. It ionlaiiiN 75 p.r. ammonium 
fiitraW. 2 H p «•. ilimtronaphthalene, 2 2 p.r. 
ammoiuiim <»\alaie. amt 20 p.t*. animoniun] 
chloruic ; limit i liaiye 450 

Olurhnif iH a (Ji'rman ummonuim iiitrafi* 
Hafetv e\plosiv*- with w(><m 1 m«'a! «>> ttic piinripal 
eomt^iiHfim<‘. Iml alH«» 4-(mtaiiis 1 ji.e. dimtio 
b«*nzf'm‘ ami 5 j) <• copper oxalati- ^ 

'rii(« (!n»t>ninli- an* i*’ien< h e\plt»hi\(s 
foumicd on Ka\ii*r’K pat-4*nt * ftris/m na fililo/ih - 
A l'i eoiOaiiiK !i5 p (* jiMimoiiiurn nitrate 
aml r> p <- tnniti^naptitlialine, an<i A'4 in of 
Himiiar eompoHition, oxcept tlukt 5 pi of l)n‘ 
airitinmium nitrate ih replaei'tl tt\’ |»ofjj.v'..um 
nitrate. 'I’hese two «‘Xpl«K-i\es. hIu'Ii a 

thr'ond.ieai lemp<“nitiir«' i»f <-\pl'iMii>ri <.f tn<t 
Ifmatr-r tlian l5tMl' an* UHe<l for <-oai 
they are green. (rnniHt-mipJiinhli nx In 

i\ijK UMert for ro«-k tila-«liMg. lontain^ 01 p( ,, 
ammonium nitrate ami .S 5 p e ilimtmnaphtl:a- 
Jene; it has a 1 lu-oiel leal feiu[ntatuie of 
exploKion of not greater tlian lOtHi'. am! 
dyed re<l. A vaiK'tv. .VI'. used in non* 

rlangeroiiH <oal intne.s, eontaniH h 7 t p e am- 
monium nitrate ami i2t'> [i e dinilion.kpiitiia 
liMie. ami IS ilyed yellow (Irixdii tniirln 

oontams tSH p e, aniinoniuni mti.iti-, 5 p.c , 
potanHiuin mti’ate. ami 7 ji' ‘ i<‘tr\] ' ; 

Kfntiti is an I'tigli.sli pennittisl i'\pioM\e. 
ismtauung 52 55 p.i- amniomuin nitt,vt»-, 

52-55 p.e. pot-iuisium nilrnti*, l»» Is pe annno- 
nium ehlonde, 14 lt> pe Innitiotoluene. and 
Up to 2 ])'• moisture, limit (Imtee Is o/. 
pendulum swing 2 <»4 ms. 

Mtnoli!) ,//S' Is on t)i<- lU-lgian 
‘ jK‘rmitte4l ’ list It eonl.uns 72 p 1 atninimiuiu 
nitrate, 25 p.e. sodium nitrate. 5 pi timiUjito 
luerie, and 2 p.e tnnitrouapli(iial< ue : limit 
charge 40t> gms. 

\iujro fHttnlit, Us authoiiS4-d for niamifaetuie 
ill tins '•oiintry, is a nnxluie of SO <i(l pe 
ammonium mt>nite. 0 || pi tuuitiotolueue. 

I -5 p graplut<“, 0 1 ]»c moist ute. and a 
little colouring matter. ’I’lie eaitndges aie 
wrapjied m paraniiied paper, ami ate tiled hy a 
No. l> dt'tomvtor. 

Scijro /K»i<v/er .V". 2, a hull hits p.us«.ed the 
Uoihei'ham tswl, eonttuns 57 p e ammonium 
nitnit<>. 15 p.c. tniutrotoluene, 27 r> pe Mxlium 
chloride, and ^ p.e graphite; limit charge 
24 (>/ . jK'tiduluru swing 2 21 ins. 

St'UH't'.*lfoht, a variety of ^V^•stfallt. '•on- 
tainmg nitrohydroearhon. is on the (ierman 
ttiithorised list. It contains 70 p.e ammonium 
Vitrate, 11 p.e. tlinitroiohiene, flour, and 

17 ji.e. smlium chloride; Uiuit eliargi' 54t) gms. 

A’l^ro/errifc cmitaim f>5 p ammomnm 
^ nitrate'. 2 p.e. trimtronaphthalene. 2 pe potas- 
siiiin ferrieyanule, ami 5 p.e. <*f ervstalhsed 
sugar. * * 

Hvlturtir, pstenleci hy Uythaof t'liarloMen- 
hurg. in IHST (Kng. I*at. 2(i7o, 1SK7). had %.s a 
new feature^le use of a ehlonnaU*d nitn/hydro- 
cMrlmn. •hlorinated dinitrolKuizene, said to 
render the explosive nmrtt sansitive. and als# 
increano the dynamic effi'ct. but all Haniplilfi do 
not now eciUtain this sul»tanee. l^arge 
ties are manufactured ui England nciar ^'igan. 
9t>, 1 cx>ntains%7’5 ^.c. aini||oniiim nitrate, 7 p«c. 


, dmitrol/eiizene. 5 p.e. amimuuuin sulphate, and 
1 0 5 ]).c. potassium iKTinanganaU\ and No, 5 
' 87 ji.e. amnioiuum mlrate, 11 p c. dimtrokenzene, 
and 2 p.e ehloronaphthalenc. In later samples, 

' trinitrotoluene is iiseil lu jilaei* of dinilrolxmcne, 
with wood iiH'id and jiolassium permanganate. 
No 4, which lia.s pas-sed tlu‘ Koth(*rliam test, 

' eoiitains til p e. atnmoniuiu mtiale, l(i p.O. 
trinitroti/luem-. and 25 p.e. soihum chloride; 
iiiiiit charge 18 o/., ])enduluni swing 8t) ms. 

'I'wo (u'linaii <oin])ositi#ns that l^tvc passed__ 
the ti-.sts foi sjlfcl.y explosives aie Rohiiiil 11 2, 

contammg 71 5 pi ammonium nitrate, 5 j> <•. 
pola.-%Mum ujti.ate, 12 p <• trinilrotoluime. ♦> ]>.e. 
tiour, 5 p e soiliuin cldoride, ami 0 5 j> <'. potas¬ 
sium per luang/mate, ami liohnnt J i., eoiitaining 
5.5 p e. umiiioniiim nitate, 5.5 pe potfussium 
mfiale, 12 pi tiimtiololuerie, (i j/.i flour, 7 p.<‘. 
sodium ( hJoiidc. .5 p e amiiioimim < lilonde. 5 p i . 
in.igneHiti-. and 5 5 j> e potrassnim permangaimte 
'I'lie limit 1 fiaige of tile foi niei is 550 giiis , and 
of the lat ter'tiott gigs 

'PIk- diu-d mutate |s iu< oi poi;ited witli tlie- 
molt'-u intro loiiipoiiud and < oiiijire.ssed into 
laitndges as u.siial IJoliuiilc li.is a l>io\Miis)i- 
\cllovv coloin It, imiiis ic.idiiw Iml does not 
explode oil Imiinilg. It l> not smwiliv e t o shoi K, 
fii'tioii.oi ]iressnif . it, is piai Iu’.ill\ ilaiiieles.s. 
and safe m liei\ iinm#. It is more powetful 
than gunpowder, ami its ' jin l is not sliattming. 

Sii-iitih. a safetx explosnr iiiMIlted h\ 

Si hoiieweg, m l.ssi*. ( onviviv. oi 7.^ > 1 *, 
ainuioniuin intiatc\ and !5 2() pi luetadimtio- 
ht U/ene. laitel \ ai let U's. i rilled FfoiniU '•> m < n- 
/•'/», also contain umiiioinum oxalate, and some- 
tiriu's tnmliohen/c‘iu! and trinitron.iphlhalene 
are used 'I'lii' e\pl</si\i“ is made 1)\ djs.sol\nig 
the salt m waO-r, exunoratiug. di vnii, at ko and 
aihlmg till- ml lohxiitoi III boll. The nii\tiires 
all- eoat«-d with nitraU-ii lesm 

SIiiikJokI /H>iril>i, a peiimtted e\p|o>i\c. 
eoiilams <*8-72 pe animoniiini nitrate, 21 25 
pe sodium nitrate, 5 1 pe tinntioloiiieiu', 

5 .5 4 5 }) e .uninonium < hloinle, ami up to I p e 
luoi.siure, limit charge 12 o/ , jiendulurn swing 
2 12 ms 

'I'IiuikIi ] ill lontams 52 )i.e. ammouiuiu 

iiitiati-. 4 p.i tunArotoliK'iie, ami 4 ft.e ftoui. 

Titmiiti No. 1 IS a im.xlftie of S.5 8H pi 
ammonium nittat<-. f> H ]»e. tnuitrotoluene, 
4-5-(> 5 {).e. ehareoai dried at KK) , and^-J j> e. 
moist ure. 

/ /i/'-'.v pou'ihr i-otitains (i2-t>5 p e. amnioimmi 
nitrate. 12 5 14*5 p.c. sodium nitraU\ 4-ti p.e. tn- 
mlrololuene. 15 5 p.e. ammonium <-hlortde, 2-4 
p e. starch and up to 1-5 p.e. moisture; iinnt 
tliurge 10 o/.. iK'nduluin swing 2-04 ins. 

r///rwwimw()wr7, reinforced chixmi- 
ammoiuu*. is a modem tlerman safety explosive 
eontaimng 7tt ]>.e. ammonium uitrate, 10 p.c. 
potivsHium nitrate. 12\5 p.c. tnuitrotoluene, 7 p.c. 
chrome ammonium alum, and 0*5 p.e. vaseline. 

.NttH.*!''. m llKHi (Eng. Pat. 4U5), proposed a 
mixtinv 85 p o. j^mnionium nitrate with 
15 p.e. of nitrated resin, or a nitrated mixture of 
nvun and starch ; tlie latter la added in thrt'c 
j>u<'etwive portions, eat'h jmrtion being treated 
’ with . atomistHl methylated spirit. The resin 
in this wav is caiiseil to eoat the particles of 
nitrate aiul render thorn non-hygnwcopio* In 
soqie eases 1--5 p.c. powdert'd alumimuti may be 
added. A variety of this explosive c^lcd 
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\Stfflite Af oontaininfr 2 p.c. castor oil, has l>con 
i antiiorisorl in England. | 

; HV-irfJIr/iVc. .Vt>. 3 contains p.c. am- ) 

‘ monitim nitrate. 13-15 p.c. potassium nitrate. . 
|4-d p.c. trinitrotoluene, 20 22 p.c. ammonium i 
1 chlondc, and water up to 1 p.c. ; limit charge i 
^ 12 07... t)endulum swing 2*55 uw. 

[ WithneU powder is a uu.xturc of SH 02 p.c. 
[ammonium nitrat<‘, 4-(t pc. trinitr()t.oliji'nc. 
;4-<i p.c. driod flour, and O-l*.*} pc. moisture. 

I The explosive js conTained m a walcr-jiroofcd 
: linen-]>n|HT wrupp<ir, ami fired hy a Eo 7 
' detonator. 

Ammonium nitrate mi\fim‘H with organic 
basic Kul»Htan<‘<*H and (heir nitrates, sm-h 'as 
aniline, guanidifie nitrate, and urea riitiate, 
have l>ecn proposed. Knhin (Kng. I’at II.''*02, 
1804) patented a mixture of 75 05 jm- ainmoniuiii 
nitratt' and 5-25 pc. aniline or tolindim' mfrati*. 
The Oarhonit^* Nvndicab*. Ltd., in tlu'/^aiiie \ear, 
proposed a mixture of 04 p c amnioiiiiim nitrate 
and p.c aniline hydroehlorich*, under tlu‘ naim’ 
of PnyfrtMitc. (dranl (1’r. J’ai 350371, 100-1) 
claims that a powerful e.xplosivc is fonncil In 
fusing together HO parts aminoiuum nitrate and 
88 parts guanidine nitrate 

A class of aniinonuiin nitrate sah’ty e.xph)- 
sive.s has come into use. m wliuh a little lutio- 
glycerin, scunctiim's gfTatinised with soluble 
nitroocUulose, is adileci to oveieome the ins<-nsi- 
tivencHS of tin* mixture, hut. not <»>ntaming 
enough of this constituent tr» phu-e tliein amongst, 
the dynamite.s K\-pl(»sivf“s of tlii.s lyjie arc: 
Aninion-carhumi is eompo.sed <pf 8tt 3 p.c. 

♦ ammonium nitraf<‘, 5 ]> e. notassiiim nitrate 
ti p.c. eoal dust, 4 5 p<*w’dered stareli, 4 p e. 
nitroglycerin, and 0-2 collodion eo»ton. 

Donarit, whuh contains HO pc. ammonium 
nitrate, 12 n.c. trinitriitoIiU‘n<', 4 p.<-. flour, 3 H 
p.c. ailroglyci^nn, ami (t‘2 pc collodifui 
cotton. 

MiiluKj pttmhr <'ontains 51 55 pc. aniiiui- 
nium nitrate, 11-13 p.c. sodium nit rate. 5-7 p <•. 
trinitrotolui'ne, 3-5 p.c. woo*d meal, 4-t» ]> c, 
nitroglycerin, 18-20 p.i*. ammonium oxalate, 
and up to 2 p.e inoistun*; limit charge 12 oz., 
Iienduturn swing 2 (>2 ins 

Svper-Kxc(utttA'o\w\HtH of*7.'^5-77 p.e. am¬ 
monium nitrate, ti-5-8 p.c. pcptasKium nitrate, 
2-4 p.c. wood meal,3-5 -5 p.c. nitroglycerin, ff-11 
p.c. ammonium oxalate, and up to 1 -5 p.c. 
moisture; limit charge 10 oj., iM*n(luluin sw'ing 
2'74 ins. 

Sujycritp contains 80-84 p.c. ammonium 
nitrate, fl-ll p.c. ]>otaH,siura mtrat<‘, 2 5 p.c. 
starch, 3 5-4 5 p.c. nitroglycerin, and up t<o 
2 p.c. moisture ; limit charge 10 oz., pimdulum 
swing 2-53 ins. ^ 

Some ammonium nitrate mixtures arc 
sensitised with nitrocellolusc instcAd of with 
nitroglycierin or nitroglycerin jelly. For example, 
the German Explosive Fvlmnnt contains Hfl*5 
•c. ammonium nitrate, 5'6 p.c. trinitrotoluene, 
•5 p.c. paraffin oil, 1-5 p*. charcoal, IJnd 4 p.c. 
guncotton. WeiUr Fmmenit is of similar 
composition, except that 10 p.c. of the ammo¬ 
nium nitrato is replaced by sodium chloride, in 
order to reduce the temperature of exphision. 

Mwachit contains 12 p.c. trinitroxvlene and 
I p.c.* charcoal as combustibles, reinforced by 
1 p.c. d! coUodion cotton. • 

Escalee,' of Munich, in 1809, brst proposed the 
VoL. III.—T. 


use of aluminium in an explosive, which was 
manufactuml under the nanu^of Weughcrffcr 
(Eng. Vat. 24377), whilst in liHM) von ilahmcn 
(Eng. I’at. 10277) clainunt the use of aluminium, 
inagucsiuni. or other light metal mixed with an 
oxidising agent, a Huitable iiiixturi' syggtsted 
consisting (»1 aininoinuin nitrato. aluminium, and 
charcoal in the jinmortioiw 4NH4Nt-)s*b2Al-l-l'. 
Suliseipienliy. the (diarcoul was oniittoH, and an 
oxpl(>siV(‘ Kiiggestcd on the hosiH of the oquAt^im : 

’ • 3NH4N(t, f 2A1 ALO^ i OllAt-l 
, That' is, a mixture of aininoninm nitrate and 
I aliinuniuni in pro]>ortions for the complete 
('oiii bust ion of till' latter would contain Hl'ti p.c, 
iiiiinioninui nitrate and IH'4 ji.e. alunniiiuni, 
j 'Hiis niixtuic would yield 1578 calfirnw jier 
I gram and evolve 0H2 <‘.c of gas. The cliarcoal 
IS addeii to facilitati* the detonation. A'on 
hahiiHuiH explosn'c is now on the market 
under th<‘ name of. I lumontd, and Iuih given very 
.good residiN. both as a mining exjilosive and ^ 
a high (‘xplosive for Hliells, th<' jiroporthm of 
aluinuiiiim Ixung \ari<‘d lU'ciirding to the elTeet 
desired, 'riic ‘ammonal’ permitted in this 
country as a mining (‘.\plosi\<' haw the compoHi- 
fion 5>3 ft7 p< ammonium nitrali-, 4-(i ji.e. 
aluminium, and (f I pc. imusture, tlie explo¬ 
sive being contairictl in a thoroughly water¬ 
proofed cas4‘. 

Aniiuoiitil li has tlu' eomposition 04-(Ml p.e. 
anniionmm niliate. 2 5 3 5 ]).c. aluimnium, 

2 3 p.c. woo<l charcoal, and O-I p.c, moisture. 
'Phis c.\j)losivc paH.-ie(l I lie Woolwu h L'st. For 
oriJinary blasting jiurposes a more jiowcrfiil 
mixtiiic IS used, containing 72 p.c. ammonium 
niliate, 25 p aluimniuin, ami 3 p.e. charcoal. 
'I’licse cxjdoHivcH arc manufactured by the 
Kobuntt* and Ammonal (’o. 

iWumonal is very insensitive, and bums with 
difliculty. It. IS said to be one of the 
c\plosiv(*H known, ft is stable under dry con¬ 
ditions, but IS li\gros< (>j)i<; under the conditions 
of humidity in which ammonium nitrate itself 
alworbs moisture. It is fired with the usual 
deionalor. and the proihicts of combustion are 
said to bi' harmlewH ; they, Itowever, contain a 
■ considerable jirojiortion of (carbon monoxide. 

\ For an uinmonal containing 72 p.c. am¬ 
monium nitraU*, 23*5 p.c. aluminium, and 4*5 p.c. 
charcoal coniprcsHi'd to a density of 0*9, Bichel 
I found the vi'focity of detonation to b© 3450 m. 

per ”sec. The heat of exphsiion was KMXf 
! calorii-tt, and the calculated explosion pressure 
i was 0425 kg. per sq. cm. (Zcitsch. angew. f!hem. 

, 1905, 1889). 

i Ammonal has been used in this country for 
, military purpiAcs in bombs and grenadie. In* 
' Austria four grades are manufactured contain- 
: ing 80-90 p.c# ammonium nitrate, 4-18 p.c. 
aluminium, and 2-0 p.c. charcoal, and it is a 
servke ejcpiosivc in that country. 

Wnce the introduction ^ ‘ ammonal,’ 

aluminium has«bcen added as A ingredient in 
; manf other explosives, chiefly in mixtures of 
the ammonium nitrate class with^nitrohydro- 
‘ carbons. The aluminium ia usually u«ed in the 
t iBrm of powder, which is made by first pouring 
, the idblten metal into water, and then potfnding 
thg small irregular fragments so produced, niter 
drying,* under stamp-mills until a sufficiently 
fine powder is obt«^.* Tife u»» of aluminiuM 
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Ih 

and othrr ca^'ilv oxidinuMo nM-tAlw in t)iP form 
f»f * raetiil han lx-<-n |>HN*ni<-d, f.hi* 

»>f diviHiun khhI to i-xort a i-onsiderablo 

influoiKH! on <!»' fojcii of the oxjdoniv**. 

Tlio oxidation of tiio Hhiininiuin Mdn free a 
largo iwioiiiit of boat, ami it is rlaiim'd that 
tho /iirriiaJin.ti oDrct of fin; <xpJoHi\o« is 
oonwldoruhly iik n-^iHi-d Ihi lu l. howovor (/.<'.). 
coiitrmis tliat tito n*sults sh<»winu this 
ino^^'aso iuivc' Jm*#!! ol)taitio«i in f/io had hlocK 
tost, and aro fHllarjoiiH, uinl (liat actual iisf #i 
inincM Inm demonstrated tiint tin- increase in 
enieii’in V <i>ie to tiie uildition of ahiinniiinn 
IM exf.remelv sin-lit He jillitniH that alnminuun 
can oiilv he a<i«l«‘4‘‘oonoinieallv t-o those e\j)l(< 
Mives whiidi ha\ e a low fenipeiat un* of ('.'•plo-vion ; 
liH with ollu'rs. altlionyll theie IS some miiense 
111 till' ti fnp<'f at me of the <‘.\ plosion, it is nioie 
than i-ountei halam e<l iiy tin- de-tiMved \oliinM 
of gas proilmed It lias lieeii (oiind tli.il tin- 
addition of a few pet («-nt'i ot Hiumuinini 
iarTousi'M the tale of detonation ol I)n' explosn esv 

.Macnah and the Ammonal J-lxplosm-s t'o. 
ijtd (Knj', l*al ll).M4. I'.KM) ]»io[Ki'«e the mhli- 
tion of potiisHinm fliehromale to e\plosi\es of 
tho ‘ammonal' type ft. in < lainied that in 
this wa\ mor*- alurnimiim may he nseil, i;i\ing 
gn'uh'f e\p|osi\'e powei, Without diminishing the 
safet \ of t.lie explosixe 

/I'l/'pm;/ (t/ronomil eoiilallis .S| S7 p< 
ummoniiini nitrate. 7 d p.<' almninium. "2 d jm 
ehareoal. It I (> •' potassium liu liioiiiate. amt 
(I ) p.e. moiNt nr*', ami Jhh//'.'• j>nir<{') < on 
taiiiN 92 do p'• ammonium nitiate. 2-d p <■ 
aluminium p**wd*'r. It Ti pe trimtioti.IiH'iie ami 
0-1 p.<‘. muiNliire. IUd.h llu'se (‘\plo-si\ey pj^ssed 
tho \Vo*ilw ieh l*'.sta. A iimn' p*>w*‘rfid vuru't \ 
for oniiiiar\ hla-sting purposes contains 47 ]• < 
ammonuitn inlnite. 22 pav ulumnmiin, ltd p*. 
trinit.r*)t*ilucm* amf I p.e. eliareoal 

/> am! <' ar*‘ taTinun ammonals ton- 
tiuiung tlimt ndsi^n/ene ami *liiiit roloinene le- 
Kpi'ctiit'ly 

tt(iNid('M ahimiiunin ami magnesium, niaiu 
other metals ami smiilai sulistamt's wlmh 
Yield *»\ides lethieihh* with ihiheulty. meluding 
e*>p|M'r. /.me, non. sih<*m. fen<i silicun, sili<-on 
<*arl>uie. vivrnms alloys, ealenini, horon, ami 
Hiieh larc' metals ns thus*' *if flie eenum gioiip. 
have ln'i'ii piv*p<Ks«‘<i ami jMitent<'<i for addition 
ti* explosixe inixtun's 

IS an amnioimitn nitrat-*' exp^ji-'U*' 
containing I'aleium silicide. witli trinilrol<*lm'ne 
1>4» help til*' detonation. It lows Isaai iistal m 
Kitglaml for filling honilis ami gnuiades, a 
usual f*‘rimila lM‘ing 7S j> e. aiiiiminiuiii nitrate. 
, 14 ]i.e. oAlcium siheide and 8 p.t\*trmitrot*iluene 
When hnist' this explosive has a density of uhouf 
tt*8 and is eompnwsed in eartnilgi's U> a d<‘nMt\ 
*)f HI to I 15 with conscuuent inerease of etti- 
I'lency. hut if compit'twed iH'vond this it eanmd 
Ih* *let<mHtc<l satisfaetonly. Segi^y (Hi^A Pat. 
I1H083, ltH7)v,'ro|)08es to e«msiderahly inereivse 
the pn»portion of yilicide, so th^t on ex|)i'»8ioii 
the priKluelii ar<‘ not th«M*e of complete roiubiis- 
iion. and sHux* that the most |>owerfnl resulUi 
are obtWltiKl when the proportions art* sm^h that 
tho uarlmn is turned to carlSm moiuixid^ and 
only half the hydrogen is turned to water. 
Huggmted'* proportions are (Mi p.e. ^mononKini 
pirate. 27 p.e. ci^oiuBi aUiehlo and 7 p.e. tri¬ 
nitrotoluene 'He claims tKat with this mixture 

t. 


fhe power is inert'ased by 10 p.e. when loose, 
that the exjiloiiivt' can n-adily l»e detonated 
evi'ii when eoinpre.s«ed to u density of 1*45, that 
it is less hvgrfweopie, and that it i.s moix^ easily 
hamlled. ‘Tim tniiitrotoluene may Ik; ^placed 
bv t.etr\l, telranilranihne, hexanitrodipnenyl- 
Hiiiin*-, or niiiogiyeenn. 

I’lu' metals may Is- mixed with other oxi¬ 
dising agdits than aminoniiini nitrate, for 
jiLstan*'**. barium niliate ]ias lK'(*n proposed in 
r*-e<'iif mix(ur«-s witli aluniinmm. j^linau {U.8. 
Pat lti5»i|}S0) proposes a mixture of (>ff p.e. 
hanniii mtriit*', 20 p.e. tnnitn)t{t!m“ne ami 2 ji.e. 
i'-ml ehroiriate 

f.ui'f uittnh- luus lieei) propi>hed as the oxidis¬ 
ing ug*'nt III explosiv** iiiixtuies, t.og<“tl)er witli 
th*‘ iiNiinl ni(r*)hvdr*K arbons. or otliei exjilosixo 
III sdiii e.\p}osivc‘ eoinpounds, foi c^xanijile, de 
.\|)i* aT (Idig Put. I(M5<.. HHKl) pr*.j)Os*'K nii.\1nre.s 
**<ntainmL’- leu*l nitiut*' mi.\*“*l wifli 17 ]>.*•- 
*hinl roxvh'ue. Id p *' jiniimmzol)en/.em‘. or 
45 p e. *linitio(<*nu1oN<- Kriiu'l (Ki. }*at 577r)(>!», 
J!id7) <laiijiN that the uildition of lend niliuto 
til iimiminmm nitride explosives ensures e*‘i- 
(aint\ of ii*'li»n;dion, th«“ imtx-ase*! seiisitn*’- 
ness hcirig eonnti'rmUsi liy tin- ad*litif»n of a 
small pi«ip*>rtion of glyi-erol oi lupik! hvdio- 
I'lirhon. • 

Chlorate Mixtures. 

Th*‘ * ld*trfdes eontaiii a liirg*' ston> of available 
i>\\g«‘n. with wlmli tli*-\ [nut at a *-*^>inparati\'el\ 
low li-uipiiutun-. uml with I'onibushbl*) sub 
slam-i's vu-ld ••\ti*-mely brus»jue and vndont 
exjdoMVis Chiondes i-otiliun approxiniotely 
the same p<‘n‘<‘nfag*‘ of available oxygen a-s the 
* ofu spomiing nitiJit-*'.'-, but thi'y form more 
si-nsitne ami vii>I*‘nt- nitxtun's. owing to tlie fait, 
that they ate en*l«lh*‘rnne : th<’ nitiaU'S, witli 
flu- <-.\e*‘pti*>n *>f ninmoniiini nitrate-, are not 
Herthel*>t (M'-ni this Pou*Irt\H et Salpf-tre, liHMt 
Idl(t) lias shown tliat potassium chlorate alone 
can !>*' made to 4l*-tonute, by allowing a small 
*ir*)p of the fuseel salt to fall on n red-hot 
Mit/iMc (.’lihirate mixture's aix: readily ex- 
plotlcfi by friejion or ]ienu.Hsi*)n, n*nderiiig 
tlieir maimfaeyir# highly dangerous, and they 
an- all liable to spontaneous ignition, if ibe 
iiiirr«-«ltent#- *-onlain. or are liable to generate, 
traces of aeit! Mixtures with sulphur or a 
meUilh*' Nulphid*- an- very sensitive, ^nd an* 
liable to be*-ome un.stable. 'lYaow of sulphur- 
OU.S nml sulphune aetd jirescnt in the sulphur, 
or f*»rim‘d by oxulation on storagef Hhi'^ate 
chloric acid w hieh aeeeIeraU*s the oxidation and 
may ultimately h*ad to spontaneous ignition of 
tin* mi.xture. A further drawback to their 
us*> IN* (hat their 8<-nsitivene«a to |>oreu88ion 
ami friction frt-cjuently increases on keeping 
ami expmure alu-mately to moist and drj' 
ccuiditions.—a jihenomenon that has been 
jiaftly attributed to tine crystals of chlorate 
ervst‘aUis(jig out on the surface of the mixture. 
The chlorates alone Jre liable to explode when 
suddenly heated to a high temperature: ex- 
' plosions have iKOurred when large quantitiee of 
, {Mitassiuiu chlorate have been involved in fires. 

I Poiaaatum chloraie mixturei." BertboUet, who 
discovered potassium chlorate in 17^ prapo^ 
its use as a substitute for nitre in explosive 
mActures, but eariy experiment* ledlito several 
serious accidents an^ temporwy abandonment 
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of tte ufie. Since that time innumerable miztnree 
have been patented, usually with some attempt 
to oouq^ract the extreme sensitivcnces of the 
mixtures, by the addition of some deadening 
agent, suoii as an oil, vaseline or paraffin wax. 
to coat the irroinK of chlorate, or some sjKH'ial 
mex'hanical cx^x'dicnt, such as only mixing the 
chlorate andcombuHtible iminetliately l>efort‘uac. 

The usual 4-omlmstihh’ sulMtaiu-i's, sulphur, 
charcoal, pe^t, tan, sawdust, bran, starch, gtim, 
sugar, and frequently jiotassiiini feirwyanide 
and realgar, hav<‘ lK*en pntposeil. together with 
such deadeners as tar, pitch, jiaraflin, ozokerib*, 
soap, glycerol, a syrup of gra|>c sugar. Ixuled 
linseidl oil, and indiaruol>cr solution. 'I'he inix- 
t.urcH were fn'quently pioposod to Ih* used in u 
moist pastv conditifin 

V’crv few ne<‘d he cil<*d as <‘\ani|deH 
ijunjVHviit-r wjih a mixture of aj>j)ntxnuHt<'ly two 
{larts of |H>tassium i hlorufc ami one part (wh of 
potasBium ferroryanide and sugar KuirtUr 
Was an cxjilosivf* proposi'd by IN-tiy, FalIcnKtein. 
and Lisch (Kng. I'at lObSti. IJiHI). consisting of 
lotassium chlorate uicorporatc'd with lutro- 
lenzt'ne, tlin kcned and gclal.mi.se<l Mith a little 
c<ilIodion cotton and suljihnr, fts ]»recipitat<'d 
antimony Hulpliide. A modilu'd * kinetit.«j ’ 
was made by omitting tin- antimony {X'lita 
sulphide. It re(|Uiicd^i high temperatme foi 
ignition, and did not explode on heating It 
was, lioweviT. \er\ sensitivi' to friction an<l 
|M'rcMiHsion. ami so cherni<ally unstahh* that its 
manufjM'tun* in this coiinlty was n<rt authoristxl 
Among fori'ign att<-mpts ma\ In- mentioned 
J*vtn>fr(icii‘iir, favouial)l\ n‘jn>it<*d on by an : 
Austrian inilitaix commitlce. consisting «)f <>7 p c 
jif»t.asKium chlorate, 2<> p e. potas^nim nitrate, : 
Id ]?.c nitrobenzene, and li ]i <•. antimony kuI- ; 
jihiile : and Turpin's ('\plo.sive. DnpUxitr, a j 
niixtun* of 70 pc. jiotassium chlorate, 10 p.<- j 
oliarc<*al, 10 p c. dinitrolsMi/ene, aiifl 10 p.c. coal i 
tar (Kr. I’at. lH042t>, ISSS). In Kngland. ■ 
Kitchen (Eng. I’at 11102. IHHO) siibmitteil a| 
samjile of exjilosive t«i tlie Home Ofhte authori- ; 
tnw. I'ontaining 3 partj^ potassium cJil<*rate. 7 | 
parts potassium nitrate, 7 parts sugar, an<l I ])art i 
coal-dust ami parafTm oil, ‘that was favour- ! 
ably reporteil on. but wa# rwver put on the 
market; and practically the only chlorate 
mixture that was r*vcr used, until some ten 
years^o, was Anphahnc (Eng. I’at 24KH, IHHI), 
which consisted of .54 p.c. jsilasslum elilorate, 
42 p c. bran, and 4 p.c. hitro and j)otas.simn 
sulphate. The mixture was deadened with 
parafliit, ozokerite, or soap, and coloim'd jimk 
with fuchsint^ This explosive was manufai tured 
at Llangollen, but it was not a practii’al success, 
owing to its bulky nature, and the licence for 
manufai'ture wa.** subsequently withdrawn. 

For many years no explosive containing 
potassium chlorate was liccnsiHl, and inxention 
was turned in other directions, owing tji the 
high coat of chlorate exploaivcs, and the greater 
explosh’© power of sucl| cxploaivi'H^ dynamite 
and guncotton. ()n the introduction of electro- 
lytic potassium chlorate, the price was greatly 
i^uced, and efforts were again made to obtain 
a practical cUorate explosive. The firet elec- 
trolytic chlorate factory was started at Villers- 
sur^erpes, in Switzerland, in 188P. Tt has 
not been found possible to make a satisfu^tory 
propelUnt with a chlorate^mixture, as they are 
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all too violent and Uncontrollable, and explosives 
of this cisM that have had extended use axe 
all detonating or blasting explosives. 

Street, in 18t>7, invented i'k^diU (Eng. Pat. 
11070* 1897), the name being derived from 
Chcd<i in Switzerland, where it was first made. 
This explosive satisfied all tests, and is now 
' vfTy largely uMCfl os a blasting explosive. The 
j composition of cheddite is constantly under- 

> going change in detail, but it is essentially a 
mixture id potassium chlorafb with one or more 

*nitr<»hydro<’arl>ons and castor oil. Some ex* 
anipU's uro; Tyjte 41, 80 n.c. iHitassium chlor¬ 
ate, 12 ji.c. luommitronapnthalene, and 8 p.c. 
castor oil. 2’t/pc. (K), 80 p.c. potassium chlorate, 

' 12 p.c. monmiitronaphthaleile, 0 p.c. castor oil, 

; and 2 p c. picric acid. Type <50 bin, 80 p.c. potas- 
' siuin chlorate. Hi p.<'. mononitronaphihaleno, 
j .5 j>.c castor oil, and 2 p.c. diuitrotoluenc. Type 
loo (u.s .V. 79 ]>.<•. potassium chlorate, 15 p.c. 
i ilinitrotolucne, 5 p.c. castor oil, and 1 p.c. 

: mononifronapiithah'nc. 'I'he oheddites of Type 
i ()0 arc inoiT violent than Type 41. • 

j ('aiheiy cheddite, as permitted for use in this 
1 country, has the eimi|)osition 70*5-79'5 p.c. 
j 'pot.oK.'iium clihuate, I45-I5T) pc. mononitro- 
I nafihthiilene, I *5-2 5 p.c. dinitrotoluene, 4'5-6‘5 
p c i-aHttir oil. and (►-! p.c. moistuix*. 

The m«*th<»d <if manufacture of ‘ chedditea ’ is 
to li('ut. tbc ('ivsior oil by steam, in a jacketed 
<‘namcllcd iron ]ian, to a ternjR^raturo of 70®. 

; The niln»liy(lrocarb<»n, or nitrohydrocarbons, are 
then added, and wlum the moss is molten and 
homogeneous, it is allowed to cool to 65®, when 
tin* warm and dry powdered chlorate is mixed 
in by mi'ans of a wooden spatula, and stirred 
until all wliiti* purlicl<‘H have disapjieared. 
2.5 kilos, of niatruial can be made in about 7 
minutes. Finally, the mixture is poured on to a 
wo^xleri l«‘ncli, allowed to cool to about 30®-35®, 
tlic masH l>oing still Homewhat plastic, and then 
cru.shed by ndhng it with a wooden roller. The 
rolling j»roc«‘HM i.s repeated .when the mass is 
cold. Tin* (inisJied explosive is in the form of 
brownish-white or yellow grains, but is sometimes 
artificially coloured. 

Th<’ stability of ‘ cheddites ’ is said to be 
increased on prolonged storage. They are 
in-sensitive 1-<) Hbo<^k and friction at ordinary and 
at vi-ry low temjKTatures. and bum more or 
lefts rapidly, without any tendency to explode 
I even when fired in large masses. Keeping for 
a long ficruxl at 120" causes no decomposition. 
At 2(K>" the oil deooniposea, the nitro- compounds 
^ volatilise, and the mass dries and blackens; 
and they do not deflagrate until heated to the 
temperature of decommjsition of the chlorate, 

I ‘ ^’yP* ^ ^ ^ al>out as powerful in 

> blastholes as 'dynamite No. 1/ although it 
. only produces am>ut half the effect of the 

dynamite in Ihe lead-block test, 
j Deering, in 1905, found that a ‘ cheddite, t 
I ha\in^ the comfiosition 73 p.c. potassium chlor- 
I ate, 10 p.e. ^dinitrotoluene, ffnp.c. starch, and 
I 5 fi.c. castor oil, gave an explosive effect in a 
lead block s:0*75, guncotton being unity, and 
that a thin layer between harden^ surfaces 
required a bloi^of 120 foot-lfas. per sq. inch to 
ca#se slight charring in one part, whibi, wHh a 
Llow of 100 foot-lbs. per sq. ineh^the explosive 
practically all fired. 

If incwrectly ^rofiortiAnedUfhe ' cheddi|ps ’ 
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fMv liable < xmlc oil on •fttomj'o. Thoy aro mixtumi mentioned. For example, ‘ cbeddit^ ’ 
rciwlilv e<mtpn.'HHiblc uml thcir HenMitivenewK to aremanufattur(‘d of tlieeonipfwiUons 3y;^41 A, 
deUmalion dimunMhen wjtli jnereawed denHity ; SO p.c. Hodium chlorate. 12 p.c. nitroiiapl|^nalenc, 
care in. theref(»re. nere>4«arv to avoul o\er.ram- and 8 p.c. cantor oil ; Typf ()()A\ 80 p.c. sodium 
mirig in use. The v<-loeity of detonation in- chlorate, 13 p.c. nitroiwphihalcne, 2 p.c. dini- 
en^iMtes witli eonipfeK«ion uj) to a e(Ttain point, trololuene, and 5 p.e. castor oil; and Type. 05, 
but lM‘\ond tins it rapnily dinnniHlM's. 70 p.c. sodmm clilorate, 10 p.c. diiutrotoluene, 

Many cxploHivcM o| the .street type have been atuf 5 p.c < astor i»il. These inixtui-e.s have very 
introduccfl since ‘ clicdflit<‘,' various nifrohydro- similar ])n)pcrties to those contauiing potassium 
earlwms Is-ing conihimsl with the tdiloiatc. clilorat-c: they arc, however, liable to aljsorb 
lniprovemenl« iia\c h<-en directed towards moistur<‘ and the cartimljies arii oonsequently 
rnitnitnsirig the elnniee of <-.\udalion in hof* dijiped in jiaralliii wax ’J'liey shoubl not contain 
i hinat't'S. .Street hini.self (Kng. J‘at 127150, more than I pe moisture. 

IHIW) proposed t,i> use a sulphurated oil, fat. oi liuruim rUlumi' luw; been proposed in a few 
fatty a<i«l. made by lieatiiie the oil.s or tat.*. mixturcH, •Imt its application is prai-tieally 
with sulphur at IHO' until they tbieki'n, instead limif«-d to ]»yr<iteehnie compositions. 

<»f ordiiiarv' <ul («irai<l (Kn*' l^t 214, HMKt,) J^nut (hlunih . .Martmtl'r. I’at. 4/8.i.')I, 1015) 
thickened tin' oil with 10 fa p.<- ban! or soft siigto-sts exf)lo.slve.s madi* Irorii basic leail chlorate 
simp, and Ibmiiet (Zeitseli anyeu Clit-m 1001. hv interaction with glyii'i'in, sugar, dextro-se, 
|44| 1120) diHpIa'cd part or tin* whole of iltc oil mamutol or tanmn. ('rystalline prodm'ts are 
by the frci* fattv aenls. 'Die I'Vi'in li ‘ l•\[^lo^lf ohtainr-d wtin li are u.sed eitln*! ahuu' or nii.xed 
04 ’ 1 H a niixtui'c of !>0 p <■ pota.sMiim 4hlt>rate with eoinhu'^tihle rnat.<‘rials 

ami M* pi*, paraflin wax, it lias been ase«i*‘ Auiinoiniiiu tlihnah vn-lds extieiiH'ly jiower- 
for niilitarv purposes. In Otl or ‘ mnirlitc fill e\ploM\c inixfures, Imt on account of its 

the r-ombiiHlihles arc a mineral oil nsniue and iiistaliihtx'. it lia.s no iiraclnal value It de- 

panvllin wax. and Ml ' Sebonite ’ 1 hex are tallow coiiiposrs e\en at oidinarx teni[H Tatur(‘s. and 
and nitrobilueiie or dinitrols'ii/eiie. itnxiiiies (onlaming it are liable to spontaneous 

I'i/khIhiIiO. introdiier-d Ij\ 'I’lirpm in ISOO. exploMoii Ac<ordiiig to (Jrlliaur (Za*ilseh ge.s, 
is piTpan'd in two forms l'’irHl, Nos (i and I , Selness n. Sfuerigstotlw. lOlb. l<»t;) a thin layer 
explosives with flame, 4'ontammg resjM'cl i\r)\ of I he- dr'ied salt l<isf. NO p <. of if.*^ weight in si'ven 
88 and 80 pc [lofassmm chlorate, .'j ainl (5 p e w<'<)vs. its mtioueii being ]iarlly oxidised to 
vegetable I'harcoal. lU ami )S pi iieutial gas nilin acid, and violent il»‘comjn>sition took jila<‘<* 
tar. and 3 ami 4 p c smhum oi ummoniuni <ii afti'i’ 11 bool's at 40 . 4r> minutes at 70 . or about 
r’arbonate, Seciuid, Nos II ami III . explosives ;{ innuiles ut 100 . lie also found that the dry* 
without Hame, in which about half the »liloiati suit was detonated by a vveiglit of 2 kilos falling 

IH ri'plaeed by sodium or potassium metate, tlie ihiough a di'-taine of 15 cm 

other iiigit'dients Is'ing approximati ly in the 

above pmporfions. Ivater,'I'urpm propciseil the Pwchlorat© Mixtures, 

addition of 10 50 p <■. nitronlyeenn to jemiei Pen lilorates contain a larger percentage of 
these explosives nion* sensitive to <iettmatiiui. owgeii. and decompose at higher teuipera.1 iires 
amt pri'pan'd sumlar e\pl4»siv«‘s with ammonium tluin the ehloiati-s ^lixtures eontaimng them 
|M'renlorat4*. aie not only more ]«o\veiful. hut also inueli h-ss 

.4r«»a«Hifi aOrub /k»h'i/ii is an explosive sensitive to ignition, percussion, and fiiction, 
eoini>OHeil of 80 p e. aininonium nitrate*. 5 ]>e and < ousei|uent!y ari'safer t<* stou* and use than 
jiotwwiuin chlorate, 10 pe rntroghicoHC. and tin* eorrespondmg clilorate nii\tuix*s. As with 
5 p.e. coal tar. eliloratvis, tlio electrolytic production of these 

In ItMIH a chlorate mixtuie f-alled ('lihoii conijunindH, eheaj»l\ and in a jnire state, has 
A’ffr/i/r. eouMisting i>f 74 ]v c p«»tassimn ehhirate. led to their li^giiy im n-ased use in relent' 
25 p.e. 8o-ealled nitrated resm. and I p c. ea.stor years. 

oil. was Inensed as a safety ('xplosivi' Steele /’obi.wiaai and Mikiiiun 'p9iffil<nat( viuiiirr/t. 
(Kng. Fat. 22(MI5. l!M)lt) )ia.s propose*! a safi'ty Formerly, potassium, and oecawonally 
explosive containing 85 07'5) p <• jiotas.Hium s(>diuin. perehlorati* wiis muiiily used, conibiiied 
chlorate. 2*5 45 p.c. liipiid vasi-hni* of sp.gr with (In* usual coin^uwtible or exjdosivo ingn*- 
O*885-4)-H0. A'oA/msd/ww 4.1 js a (Jennan safety dients. but their use has now lK*<*n almo.st 
explosive containing 80 p.c |Hitassiuin chlorati*. enlin'ly snpcraedcil by the aniniomU^n salt. 
Ifl p.e. rwin, ami 4 p.e. nitrab'fl resin ; a C4»n However, 'I’rt'nch (Kng. Fat. 8358, 1008) pro- 
siderablo proportion of sodium chloride is pn*s<‘nt posisl the inldition of 5 20 parts of potassium 
ip the ‘ safety ’ variety of tins explosive. l»erc'hlorate to 100 parts of gunpowder to increase 

'Fhe use with ehlorote of explosive eonipcmmls the strei^fh and regularitv of the explosive, and 
like nitroglycerin and guncotton has also Ikh'ii in the same year. Harris (V'ng. Fat. 28012, 1008) 
pat<*ntwl. The nitrophenols fonnS-ery sensit ive 8ugg<’sts mining explosive.^, consisting of mixtures 
mixtures with potassium chlorate, and am- of potassium pen-hlorate and carbon with 
monium salt* should never be usrnl in dilolate napnhalene and benzene, and other nitro 
mixtures, owinfpto the ^HWAibility^^of the forma- derivativei«in various pn»portion.s. Small pro- 
tion of ammonium chlorate on storage. Foias- ; jmrtions of paraflin oil And castor oil are also 
aium chlorate is a constituent of nearly all added. 

detonating e^ipositions. used os initial detona- ' Af.B., or Jl/cW»yief/ Black, Vou\ler, Bo. 1, is a 
ting ogimtiffor.other explosives. ! black gunpowder, used for blasting purposes, in 

Other |K>tassiuin chlorate* explosives ^are : which part of the potassium nitrate is replaced 
mentioned under ‘ Sprengel Explosives.’ I by potassium psrciilorate. The jiptasSium 

Other Sodium chlorate is fi|fH)tlent}|^ ! nitrate may be replaced by sodium or barium 

si^titiited for ^j^e.patasaiuin salt in the various ! nitrate. 
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ClUlwwth A’o. 4 and No. 5, contain 

mixturdi of potaasiuin nitrate and perchlorate os 
oxidising agents, the combustibles Doing sulphur 
and charcoal, with the addition of a httle flour 
ill the former or paraffin wax in the latter. 

A class of explosives called Ppmuyn^teit is 
made in Germany according to several formula*, 
but ail containing roughly equal parts of potos* 
slum perchlorate and ammonium nitrate tut 
oxidising ^ts. Thd comlnisliblo constituents 
are trinitrololucno, flour or stan'h. and wood 
meal; a littlb lutroglyi’crin. or nitroglycerin 
golatinmed with soluble nitroccllulost;, is 'some- 
times added r<‘nd<*r the explosive inon* 
suftooptiblc to detonation ; and a inU<l form of 
the explosive eontuins a coimideraldc jiroportion 
of sodium chloride. 

fcvomc varieties arc : /*(rtnf>ni(r 1. or Ht^inns 
J'ennonit, 30 p c. potassium perchlorate, 40 p.c. 
ammonium mtratc, 7 pc. sodium mtralt*. 1.7 
p.c. tnmtrotoluem*. 4 p.c. flour. 3 p c wood meal 
and 1 |).c. of a jelly of gclatim* iii glvccnm*; 
Pirifuj/iitf Sja on the Mclgiau peimittcd list. 
24*d p.c. potassium pcrchhtrati*. 20 p (. am¬ 
monium mtiate, 0 p.c. mtroglyccnn, 7 pc tri- 
mtrotoluc*m5, 4 ]> o, flour, 3 j».c w(*od rnc ul, 1 j) c 
of a jelly cd gelatines m glycc'nne, ami 2.7 jj.c. 
sodium chloride; P(rin<niilt, as placccl <in the- 
Kritish aulhoriHcd list. 31 31 [»c*. pctlassium 
jKTchiorat^*, 31M3 pc ammonium lutraO*. 3 4 
>.C. nitroglycerin. 0.7 I pc-, soluhh* mlr*Mc-llu- 
oHc, 11-13 p.c-. tnnitrotoluc'nc. .7 0 ji.e. stao-h, 
r5-3-r» p.c. wood meal ami 0 2/> p.c*. moisture. 
JVnnouiU^ I. IS more* jiowerful. but also more* 
sensitive to blow, than the S.tJ.l*. \anetv. 

Several explosive's c*ontaining potasHium 
icrchloraO* have juissecl tin- hitest tc*st.s and have* 
HX'n plac*ecl on the Jtritisli list of authorised c x- 
plosiv'cs, hut a.s these* also eoutam a considerable 
iroportion of gelatinised nltr<»glyc<Tm they have 
>ecn classilied amongst thc^ ‘ clynamiUw.’ 

Aminomurii fHrchlomte. viixltire.s. In IHOH 
Alvisi (llev. prod. ehim. 2. [0) 83, and Kng. J*at. 
25838. 1808) proposed the**use of ammonium 
perchlorate, then made from tlu* sodium salt 
by double decomposition with ammonium 
mtratc, in explosive rnixtimW? ^le claimed that 
it increased the c•.■u>Joslvc and juopuLsivc* force 
of the mixture*, as well as tin* ratio ol the former 
to the fatter. The ammouium perchlorate was 
substituted for the c*lhcr oxidising salts in the 
proportion of their available oxygen, and sulphur 
or a mqjalhc sulphide W'as added to eouiitcTact 
the insensitiveness to ignition or detonation, and 
he pointed oul that the maximum elTeet of the 
mixtures is preferably obtained by the use of 
detonators theraselvt* containing air^noniuni 
pcndiloratc. Ammonium perchlorate w stable 
at ordinary toniperaturcsi. but decomjKwes slowly 
at 145® accorulng to the equation NlljClGi 
==2H,0 + N-HC1+0„. 

Besides having a large* jicreentage of available? 
oxygen, ammonium iiercAIoratc evokes a largo 
amount of gas and heat on decomposition. It 
18 endothermic, and has the advantage* over the 
perchlorates of the fixeel bases that its products 
of efecomposition are entirely gaseous, but owing 
to the internal combustion of its hydrogen, it 
has xvaUabie oxygen. The dee^mposition 
is rapid and the velocity of the explosion wave 
is groat. It ^ii bo detonated alone but only 
with groat dimculty, anil a very £)OWcrful de- 


< tonator is necessary to give eftimpleto detona* 
tion. *lts limit of sensitiveness to imiiact is 
I represented by a weight of 5 kg. falling 50 cm. 

It is nun-hygroBcopio and insensttivo when 
I>uro; but the insensitivenoss of the sidt is 
greatly lUminishcd if it contains even sm^l 
quantities of ammonium chlorate. Admixture 
of ammonium ixirchlorato ‘explosives with 
potassium or soclium chlorate in quantity is 
slangerous owing to the liability to the forma* 
tion of unstable ammonium chlorate on storage, 
but the Aktiebolaget Carlit, Stockhulni, has 
sugg<*stcd (Eng. I’at. 112417, 1917) the presence 
of 0 <K)5 to 1 JI.C-. of a chlorate other than am- 
niomiiiq chlc#atc* to render ammonium per 
c'hlorate e.xplosives more sensitive and increase 
tlu'ii vioU'uec*. Alvisi, later (Gazz. cbim. ital. 
31, 1 . 221), eonflrnu'd experimentally, by testing i 
various mixtures with combustible and cxpUwive 
sulxstanecM, the Ihc'orctu'al advantaged' of am- 
Jiiomum i>er(?hIoi‘ate overall other oxidising sa^s, 
excc'pt ummomum chlorate; and (’arbonelli 
{l/lnd. ehim. 1910,209) obtained equally favour¬ 
able results. 

Kxplo.siv<*s containing ammonium jM*rc}i)oraio 
ha\c the disad vantage of generat ing hydrwhloric 
acid, and o('<;asi(>nally ehlonue in the mine. This 
ilrawbai-k is usually ov<*rcotn© by the addition 
of iioUiHsium or sodium nitrate, imt manganese 
or its compounds, oxidt«, silicide, Iniride, 
manganat^*, or [lermanganaki, have also been 
suggesU-il for the same [niqiose. 

Ammonium p(*rehloratc is used in combina¬ 
tion witfi the various combustible ami explosive 
Kiibstam-cs mentioned under the other oxidising 
salt.M. 'riiese mixt.im*H are n<iw established as 
powerful ami safe explosiv(*H, and are largely 
used in England, the United lStat«*e and on the 
Con«im*nt. 

The ammonium perehlorati* is manufactured 
from the elect roly tieally produced sodium salt, 
eitlier by diiuble decoinpisiition with ammonium 
chlondi* or sulphate, or by the combined action 
r>f carlstme a<-id gas and ammonia on the solution. 
In the former ]>ro(e8s the sodium sulphati? can 
Im* dejiosited m an anhydrous condition and free 
from [lerchloratc by <*vaporation of the mixed 
solutions umler reduced pressure at from 00® to 
(Aktiebolaget Uarlit, Sks'kholm, Eng. Pat. 
110.744, 1917); .the latter process has been 
Uinted by Given and the Atlas Powder Co. of 
SA. (U.S. Pat. 1273477, 1918). 

Yonek (Kng. I%t. 24511, 1903) suggested a 
series of safety mining explosives containing 
ammonium p<?rchluratc, amongst which are: 
(1) 21-2 p.c. ammonium perchlorate, 37'3 p.c. 
sodium nitrate; and 11*5 p.e. naphthalene; (2) 
37-4 p.e. ammonium perchlorate, 27*17 p.e, 
sodium nitratic, 8*34 p.e. ammonium nitrate, 
and 27‘Of^ p.e. irinitronaphihalenc; and (3) 
48-4 [ic. ammonium perchlorate, 33*8 p.c. 
calcium oxalate, and ]7'8 p.c^trinitrotoluene. 
Webst<‘r (Kn^. Pat. 18022, 19O0) proposed a 
luiAure of 35 p.c. ammonium penmlorato, 45 
p.e. sodium nitrate, 10 p.c. dinitrdlienzeDe, and 
10 p.e. sawdust, or the same mixture^rith 2 p.c. 
of the sawdust wcpiaced by vostilme. Trench 
(Ei4. Pat. 8358, 1W8) propped to increase the 
i sAren^h Mid r^ularity of gunpowder by the 
, addition^of from 5 20«{>.o. of ammonium 

perchlorate. t ’ * • 

8omo ‘ cbe4(liteft,'^ oobtainin^ ammernium ‘ 
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perehlortiU* an** ‘<^tunionium 
perchlorate, 13 p.c. dinitrotriluonc, and *5 p.c. 
caalor oil; anfi ‘ Tvjk* 5(> p.c. ammonium 
per»'lilorat<*, .30 p.c. Hodmm nitrate, 16 p.c. 
dinitrotoliictie, and 6 p.o. castor oil. 

Anui^itc IN an Kn^Iwh * authoriNcd ’ ©xploeive, 
conNiNtin^ <*H.scntially of aminoniutn jKjrohloraff 
and rfiyral>oJanh,*iiHiialiy with some Hodium or 
potasMiurn nitrate and a small (juantity of aj^ar- 
HKar. ^ 

/iltt-tlitK, inaniifactiirod by Martial, J.,til., 
(^irnwall, an KiikIihIi ‘authorised’ <*xplo8iv(! 
that has Ireen hho< 1 in lar^fc quantities lM>lh for r 
induNtnal and for military purpoN(<H. A iisual ! 
oomjKtNition JH 00 p.e. ammonium jiorchlorate, j 
22 p.c. Hrxttum nitrate, II p.c. dimtrololucne, | 
imd 7 p.c. paraOin wax. In Horne vanetif .*- a i 
ilittlo amniiniuni jiowtier or alternately chanoal 
is used. It IN in the form of «f>ft yeliovs grams, 1 
whiuh iSMidily e4>mpi*eHNed. * ! 

Pouii^r, A'o. 2 IN a mixture of um-.| 
montum |)erchloraU> and WMlnim, juttasHuim. oi j 
banum iiitrat<\ with charcoal and .sulphur jih j 
comhuNtibh*N. i 

P.S.K. No. 16 IN a mixture of ammomuni 
f)crohlorat<4 and roHin, and nhrllxti in a mixtuu* ! 
of ammonium |M*rehloraU' and paraflin wax. < 

The Yoorlcitcjt ais^ Ih'lgian explosives of tins 
claMN. At). 1() on the llelgian autlionsiMl ; 
lint, oontainH 26 p.c. aininonium perehlorat<*, 
3() p.e. ammonium nitrati', 1.6 p.e. Morliuin ! 
nitrate, 10 p.(\ trinitrotoluene, and 20 p e 
Bodium chloride, the limit charge bi ing {HMigins. : 
No. 13, a inon' violent mixture, ermtams 20 p.e. 
ammonium |)crehIorat<\ 27 p.e. aininoimim 
nitrate, 27 p.e. HiKliuni uitraU*. 0 ]>.<*. barium 
nitrate, and 20 p.c. trlnltrol^>^u^•ne. 

Metale are uned in inixiiires sugg<‘HU*d by 
Bowen (Eng. Pat. 214KI, HMKI) as a ffbeil 
jKiwder. 75 p.c; ammonium |>orehlorat(‘. 12 p.e. 
aluminium, and 13 p.c. jiarafhn, an<l as a blawting 
powder, 72 p.e. ammoimirn pen hlorate, II ji.o. 
aluminium, and 17 p.e. nitronaphthalene ; and 
by Palmer (Fr. Pat. 3m833, l‘H>8), in a mining 
|>owder, olainuMl to bo non-hygroHoopie, stable, 
powerful, and rapid, eontriatmg of 60 p.e. 
ammonium perohlorat4\ 14 p.c. dinitrotolueiie, 
31 p.e. Bwhum or potoNBium nilraU-, 6 p.c. 
aluminium powdor, and 6 n.e. paraflin wax. 

The Belgian explosive w a mixturt' 

of ammonium perchlorate with aluminium 
powder and paranin wax. and Ninular eoniptwi* 
tiona, with or without the* addition of wood 
Bjoal, have been u«ed for milifaiy- purixisw in 
fchk oountry% These exuloRivee are cheap, caKy 
to inanufacture, safe to handle, wrmanent, anil 
>aadilv eompreesed; they do n(« explode, but 
only t>um, when ignited, retjuin' a powerful 
detonator to detonate them, buUare extremely 
powerful when their full power is brought out, 
and the rate of det-onation is high foi^aia ex¬ 
plosive mixturMof the order of 4()00 m. per sec.), 
so that they w^ocaliy violent. They must not, 
however, l»o too strongly eompreesed in usl^ or 
the rate of Autonation, like that of the chlorate 
‘ chedditea ’ is lowered again. 

Zinc MwAr has been suggested by Palmer 
wd Pwtshlarate Powder Co., i^ada^Pr. 

d7767ft, 1910)^ in anunoniiim perchlorsl© 
•xmoRTSs, which an ateted to detonate readily 
■Jd ooa^letsl^t had to hfi^ atal^ty. 


ammonium perclilorate, part of wliich may bo 
sulistitutod by the potasBium salt, 10 p.o. zino 
powder, 5 p.c. combustible carbon compounds, 
such as mineral jelly, and-3 p.c. of an asphaltic 
pitch or petroleum residue. If the last ingre¬ 
dient does not contain sulphur, this may be 
added up to 6 p.c. The ingredients are incor¬ 
porated w'lth alcohol and iKuizene, which are 
afterwardH dned oil. An explosive mixture of 
: Hirnilar <-oniposition has hiVn used fpr military 
I purjiohOH in England for bomb filling under the 
name of }*ervi\(f. 

Johnsfjn and the Fcrohlorato Hafety Explosive 
(■o. (Eng. J^at. 14Hb(), 1»16, and 1480, KHO) claim 
mixtiircH of ammonium perchlorati', part of 
winch may be rcplac<Ml by the jiotassium salt, 
with 4 to 8, and J(J p.c. of roniii m different 
grades of the explosive. Other varieties contain 
/.me or aluminium, and mineral oil ctr wax may 
alMo lx*! adiled. 'riic. cxj>lohivc Jicjrrtl is of this 

'I’ho UHC of silicon or a sdicide, usually buTO- 
Hilicon, instead of a nu'tal, a.s liunperature raiser 
in this tv|M! of explosive liius been suggestcfl by 
tlu' .St(K-kliobn Superfosfal Fabiicks Akticbo- 
lau. Sweden (Eng I’at. 1768;{. 1015). 'Hie mam 
eombu-stiblt' is <'itlu*r nitrated or un-nitrated 
napliUienos (lockoil n-sidue of over 260''(’. b.p.), 
or thw togetlK'i’ with tin- mixture of nilroto* 
luenes coiumon ially known :us ‘ lujUid tnnitroto- 
luen<*,’ gelatiin.-ed In. th«“ addition of a litth- 
nit.rocellul«)se, a little wood meal l«>ing also 
.added to inereasf' the .sp»‘<*d <if iletonatioii. 

. \ wo formula* gi\<*n are : (1) 74 p e. amniimium 
; perehlorate. (i p e. ferro sibeoii. 18 p.e, n»ek oil 
■ r<*sidu<*. and 2 p.e. w<»od im*al , (2) 74 p.e. 

’ aHimomum pen-hlorate. 6 pc. ferro-silieon. 10 
p.c. gelatimsed liipiul trinitrotoluene, P p.e. 
nitrated rock oil ifsidue, and 2 p e. wood meal. 

. 'J'he ferro-siiicon is NupnoH(>d to bind at loawt 
}>art of the chlorine in the resuluo; aluminium 
: siheide is also Ktiggcst-ed. 

Mixluixw of ammomuni perehloraU* with 
explosive compounds have also Ix'en propose<l ; 
for example, exploKivcs compounded of ani- 
inonium ^rchlorate and nitroglycerin, with or 
without the adAtuui <if collodion cotKin, and a 
detonating mixture with morcuiy' fulminate, 
wen' sugge8tt*<l by Alvisi (Eng. Put. 25838, 1898); 
and Luciani suggests the addition of guncotton 
to ammonium p^rehlorab* mixtures, more 
cNpcK’ially with metals (Fr. Pat. 326037, 1002). 

J OTHim OxiDiKiNu Agents. * 

I The permanganates of {Kiiassium and sodium, 

I the <liehromato8 of potassium and ammonium, 

: ami tho^roxides of lead and manganeBe are ail 
good oxidising subetances, and are used to some 
J extent in explosive mixtures, Init usually in 
I combination with the other s^ts, md need no 
; si'pAratc mention. Pota^ium permanganate 
mixturre ^re frequently venr sensitive. The 
utilisation of the cxpfnsivo force of liquid air 
as an explosive has been described by Wood 
(Eng. Pat. 26025, 10(^), and, more recently, 
liquid air and liquid oxygen have been sugg^Mt^ 
as the oxygen vehicle in explosives of the 
Sprenge! type. , 

. Ex^odm. • 

Sprenge] (Eng. Bat. 021 and 2G42. 1871 • 
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for blasting puipoeea, of a new class of exj^oatvce 
conaiaf^ oi mmtiras, made immediatelv before 
use. of^^ oxiduing agent and combiistible 
snbetanoe, in themselVee non-explosive. 

Some of these explosives are very jwwerful 
when detonated by meuimt of merciiiy fulminate, 
and they have the advanti^e of beiuK perfectly 
safe during storage and transport; but, si^eing 
that they are really manufacture when the 
mixing takes place, their use in most Qountries 
would be forbidden,* as iltis inanufactiiro can 
only bo authorised in a duly licenHe<l fa< torv. 
Further, they are difiieult for a miner to mani¬ 
pulate with cleanliness and safety, in some 
modern Itussian Sprc'ngel explosives, the liquid 
combustible is containcHl in a vessel divided into 
separate compartments, so that separaU* por¬ 
tions of the cartridge are uniformly impregnate<l 
with separate portions of tin* liquid, witli the 
result that the explosive action is nii,>re uniform. 

Sprengel propiwed mixtures of nitric aei^l of 
about 1-5 sp.gr. with nitrolM-nzenc, naphthuleno, 
nitronajihthalene, an<l picric and. ^and (»f porous 
cakes of potassium eldorate with such com¬ 
bustible liquids as carbon dthulplniie. lutro- 
I»eii7.en('!, petroleum, ami ben/eiic. (In* mixt.un;s 
being nimle in the proportions r«*qmred for 
complete comhuKtion. 

(Vre has to Ik* taken that the nitric acid does 
not get accidental acc(‘rth t<* the fulminate 
detonator, or premature explosion will occur. 

By a<lopting tin* Sprengel prmcipU-. the use of 
chlorate explosives may Ihj made reasonably 
safe, and considerable quantities have been 
used in the United StaU's and on the continent. 
One objection to them is that, unless great earn 
is taken m the dqining, variable quantities of 
liqiihl are alisorUMt and uneven effects ivnd 
fKwisibly partial detonation only may result. 
They are sometimes primed with gunpowder, 
and when this is the case jirecaution is necessary 
to avoid admixture of the gunpowder and 
chlorate. 

Hackaror.k, as used in the llnited Stat<*s in 
I8ft5 for blasting the HcUgate rocks at the en¬ 
trance of New York Harbour was a mixture of I 
70 p.c. powdered potassium ghlorati*, and 21 p.c. ! 
nitrobenzene, the chlorate cofttained in cotton j 
cases being suspended in a wli-e cage from a 
spring bailee and dippe<i in the liquid until 
the i^quisite weight was absorbed. These 
proportions were found b> Abbot to give the 
maximum effect under water,- the intensity of 
action iMing 108 p.c. of that of dynamite No. 1. 

‘ Rackarock ’ contains, in addition, froni 

12 to 16 p.c. of picric acid. Sometimes * dead 
oil,' or a mixture of this, with nitrobenzene was 
lued. ^ 

Hackarock has ako been used in other 
important engineering work, in blasting the 
headings olkthe Vosboig Tunnel in Pennsylvania, 
And in works connected with the ffrst Chinese 
nwlways. 

ExjdoitifOi or Prom4t^iSe is a French Hprengol! 
explosive in which the liquid combustible is a 
mixture of nitrobenzene, turpentine, and naphtha : 
in various proportions, but with the nitrobenzene , 
as chief oonstatuent, and the absorbent oxygen | 
maaatine is a mixture of potassium chlorate | 
with * lilUe manganese dioxide. ‘ 

Wain {VBTYit. 1240272, 1917) luggesto a 
Sprengel exjdosive of chlorate type, the 


combustible liquid being a mixture of equal 
volumes of castor and raw linseed oils, with 
eight dimes their cabined volume of petrmeum, 
that has been submitted to a nitrating treatment 
with nitrio acid. This liquid has a SP'|^' of 
0*816, uid is stated to be twice as readily ab* 
sorbed in the chlorate as nitrobenzene. 

* HcBJMffitr, intrciduced by UcUhoff of Berlin, 
was a mixture of dinitrobenzcRo and nitrio acid. 
It was tried in shells ■, the two substances 
^nixing iluring their flight or on impai't. Suit* 

! ably d»*tonat<Hl, the mixture is a powerful ex* 
plosive, more so than guncotton or ordinary 
dynamite. 

}*(incl<uitile. —Turpin, under this name (Eng. 
Pat. 4M4, 1881 ; and 1461, 1882), proposed the 
uHo of *liquid nitrogen peroxide, a mixture of 
equal jiarts of rarl^ui uisulphide and nitrogen 
tetroxule, that is, 3(\Sj-i-5NO<, licing recom- 
iiiendeil as giving tlie maximum effect. The 
advantages of nitrogen totroxide over nitrio acid 
are its higher jicreonUyge of available oxygen, 
lowor heat of formation, and absence of wafer, 
but tlic disadvantages in its use arc obvious. 

Oronilt, invented by Punshoii (Kng. Pat. 
242K, 1883), was a mixture of 46 ji c. picric acid 
and .'►4 ji.c. nitric acid, sp.gr. 1*6, the acid 
lK*iug contained in the cartridge in a gliuw lube, 
which wa.s broken just previously to uw. 

Ikmar is a Sjirengel explosive invented by 
Iriodler (Eng. Pal. 8101 and 23284, 1001). The 
cartridge <'ontainH a compressed dry powdhred 
mixture of potassium chlorato ana potassium 
permanganate, with or without potassium 
di<;hroinate, and a vi^sel containing a mixture 
of turpentine with nitrolu'nzono or phenol; the 
dry powder Ixung saturated with the fluid 
shortly before use. 

The Soc. Franv- dcs Poudros de SAr«St6 
(Ft* Pat. 351280, PK)5) proposes three com¬ 
bustible mixtures : (1) 27 p.c. orthonitrotoluene, 
0 p.c. moriunitronaplithalonc, and 64 p.c. 
dinitronaphtlialcne; (2) 35 p.c. paraffin wax, 
50 p.c. orthonitrutolueno, and 16 p.o. trinitro 
toluene; (3) 23 p.c. paraffin wax, 13 p.o. 

ffitrotoluene, 13 p.(!. trinitrottiluene, and 61 p.c. 
iron filings. Theie combustible mixtures are 
liquefied by warming to about 65^^, and mixed 
with the oxygen yielding constituents, when 
required for use. A mixture of nitratis of 
ammonium, potassium, and aniline is used with 
{1), potassium chlorato with (2) and (3). Winand 
(Eng. Pat. 26261, ^)7) has patented a mixture, 
of tetranitromethane C(NO,) 4 , a liquid b<^i}g 
at 120'', with petroleum and other carbonaoeoQS 
matter. Tetranitromethane is a stable subeta^eo 
and only feel^y explosive, but somewhat readily 
exploded by ^renssion. It dissolves paraffin 
and other hydrocarbons, forming a pasty mass. 
It contains 66 p.c. of available oxygen, and is 
exothermic. 

•Liffuid air and liquid oxygtn exfUotrivif.— 
Sprengel himsolf called atten^n to the posai- 
bmties of liquid oxygen, and tinted out ^at 
the beau ide.al of a detonatir^ explosive is a 
mixture of 8 i>art«, 88*9 p.c., of liquid oxw^ 
and 1 part, 11*1 p.o., of liquid hyoiogen. ^e 
chemical sffmitire of oxygen in Iho ll^ttid state 
ar#stiU strong, and a mixture of liquid oxyg«i 
tri^*combisi^ble matter, when hlffuted % a 
suftanle^detonator, fomis powerful ex|doaiTSS. 

linde, in 189% i&de pradfeoal use of 4fee 

m " 
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idr^ii, and lirsl um'cI in wiiiuh liquid j 

ftir wttH alworln-d in coMon wool, w'ood churouaJ, j 
and other comhuHtHdi*. mixtures wert' I 

found not dnU»tmt<’ very i^wlily, and Bubse- | 
quently ku‘«<-lguhr, |H‘f rr*l(*nni charcoal, and ! 
cork chan oal wen- UMi-d an alworbente, Bonie ; 
timi'H with 11m- inidilion of liquid jx-trolourn ; 
hquid oxyK'-n wa^ uIho tried. Thw iin])roved the ! 
ih'totuition, hul the cxphwivtw were, found to Ik.j 
unduly ^’eiiMlivc to blow. ‘Fho jtorous {jwe 
e<uiiainin^ IIm- absorbent wiim dij>{>ed in a \eHHoli 
of li({uid air foi Kotne time, and the larlrid^i-' 
was flr(‘ii III the usual way by nu-ans of an elect ric , 
detiuialoi or Mitkfoid fu.se. 

'I'ln-se e\p|osiv(‘M were patenti-d undei the 
name of OxiiIkii^I. and a full (h-scriplion yf Iheiii 
is ^iven by SieiT r in the Xeitsch j^es ydiiesfs u - 
Spr‘‘n;;slolfwes<'ii, h 7. M’hey wen .iven 

an I'xhuiiMtue tiial by an Au.stiiaii Coiimii.-'-^Mm 
III I8htt, inul were largely used in hhu-lin^' the 
.Simplon 'runnel 'I'heii <'osl is eoinpa.rulnely 
Miiyill. then' IK no dan^rer in then manufacture,-' 
and they are jx.werfu!, I»ut tlie prai-ticul difli- 
eiiltieK m tlu-ir use are ^'reat. 'I'he plant foi ' 
irodueinj^' (he h({ind air lias to he close 1<» the 
ilastnij' opi-r'ations, tin- lii|iJid Ih-iiu' tians- 
jjorted m ojM-n caiiH, Mjth eonseqiM'iit lo.ss. (he 
eartn(l;i;e,H ha\e to be tireil within a to ir» minutes 
after jin-paration, in-t-ordinj; (<» tluir si/(-. and 
the (-tlect vanes with the turn- of standin;;. 

Schulz (tllurkauf, 1H5»S. tUl) i-xi'inm-nls-d 
with coal dust. HoaUed in h<[\nd iiir lie found 
that w'hen the curlnd)'(-.s were liipped in h<|Uid 
air of normal i-oinposition. eontannn/' ll!S‘2 pc 
oxygen hv wi-ight, they wen- h‘.ss poweifiil than 
ordinary dynamite, hnt wen- moie poweiful 
than dynamite if liquid air that had partly 
evajioratx^ii and eonlaim-d fid to (id p.e (nw^eii 
waa used. 

KnrHteuhofT (Kr. I’at. :i77ldl{, IddT) sujfge.#t-<‘(l 
an alworlM-nt of powden-d metal. su»-h as 
ulummium or magiK'sium, the rapidity of ex- 
ploniou iM-ing iiu-n-ased hy mixing tiu* metals 
with hydrovides of eah-mm aiul Nodium. 'Plu- 
principle of kis-ping the lupiid (*\ygon detiniU-ly 
apart from the ('omhustible until tlu- inonu-nt of 
use was iidro<liiee<i by Nodon (Kr. I'at. 44S732. 
1011). A lliin brass eylmder containing the 
liquid oxygen was introduced into anot)i<-r 
dlouhfc'-wa^led bias.s cylimh-r with nonconduet• 
iog matt-rial Ix-tw-ts-n the walls, Hiirrouiided by 
kifnclgiihr, 8aturaU‘d with a lupml carbon 
compound, aueh as alcohok ulyeerm, iH-nzi-ne, 
or pit^-h. the eylinder of liquid oxyge-n 

! mtiettire<l iiunusliately In-fore the eartndge was 
Innl. Tlir Sen-. L’air LiquidefFr. I’aUs, 4507r>d 
and4.^l2()5, ]dI2) projiosed an nU^irbiiig porous 
cy-lindcr ehMunl at one end, moth^ of a mixture 
of kitwelgiihr with aluminium, or a nietaihe 
sUicide or hydride. ImiuimI together by a little 
Koilium silicate. The liquid oxygen bt-ing 
jKuired into the cylinder imiiu-diatcly l>ebm- tse. 
and in a later ^uiodiheat ton (Fr. I’at. 4512115, 
11)12) 8ulwtitu(<M the alummium*l)y coal tq* a 
hydrocarlxui. 

Owing to Hie exetwsive military rtspiin'iiieiitvs 
of high e^nlosivcH of a pt'rmaiient eharaeter 
during the last few yeaix. ii({UM air e.xulos^'es 
hare ueiMi largely used for industrial olasnng 
work on tin* Continent. No new prii^-ipjca ift 
their use have boon (uiuqpiated, but the details 
hateboeathcsubiootofaevoiblDateats. Weber 


in Germany has suggt^ted, for example, an 
absorbent of cotton, sawdust, powdorotLcork, or 
other combustible material, capable of aosorbing 
more than ite own weight of liquid air, the 
cartridge lieiiig reinforced by aluminium jwwder, 
or a mixture of this with magnesium, antimony, 
silicon, etc., in a separate container. For 
obtaining disruptive ofl'cets of a lower order, 
iiu-rt niatenal, such as iron-oro dust, is sub- 
shtuk'd for part or all of tljo metal. 

KxpiiO.sivK CoAirorNOS. 

In exjiloKive comjjoiiiKls the combustibles, 
carbon and hydrogen, i-.xist m infinitely close con¬ 
tact with oxygen in tin- same molecule. The 
in(»st important (-ompouiulH contain nitrogen in 
loose com 1 11 nation with all or part of tlie oxygon, 
.so that the chemical ecpiihbnum is more or less 
imslahlc. With the reipiisite exi-iting force the 
moh-ciile undeigoes more or Ici^s complete inti^ma! 
comhustion, >vith almosl instantaneous (-volution 
•of highly licak-d gtiseous ]iroduct.H. Explosive 
compounds an- cV)nscquently, a-s a class, more 
siiihlcii and violent in tiicir action than the e.\- 
plosivi' mixliJies, and it is evident that Ihe 
iialure of their exjilosion eaniiot be grad(-(J, as 
in these mixtun-s, hy varying tJie ratio of eom- 
hlistihlc (.<» oxygen 

'I’lic most important e.xplosive compounds 
are jirodiieed by the- nitiation of organic coin- 
p<mnds 'J'hey may be sulMli^ided clu-mically 
into two main groups, the mtro deiivativos and 
(he tiiM- nitric esters, although teehmeally they 
are all terim-d mtro explosives. Jicsides tht-se 
two mam groups, then- are other classes of 
explosive eompouiids, such u-s the fulimnales, 
aimno, mlroamiiut, azo denvativ'os, azides, etc. 

Nitko Dkkivativks. 

'rill- intro derivatives an-, as a class, more 
stable and Jess energetic than the mtnc t-sters. 
Tlu-y are. unlike the nitric est<-rs, not liable to 
spontaneous decomposition if slightly impure, 
and are stable oven in the pn'.senec of relatively 
large ipiantitiea of at-id. The difference in tho 
explosiv(‘ ehanu tenstK's of the two elasscs is due 
to a low'd perc(“idaue of oxygen, and consequent 
j h-.ss coinplek- combustion, and a more stable 
' inU-rnal structun.* of tlio molo<'ule in the nitro 
(lerivativf-s. 

Th«*y an- extn-mely ddhcult to explode by 
.simple heating, altlKiugh llcrt helot has sliown 
that even nitrobenzene may Ik- explodi-d if a 
small ({uantity U- dropix-d on to a highlwhoaiod 
.surface, but they can all be exphnled by the use 
of a suflieiently piwerful detonator. Some of 
the higher derivative.s, such os tnnitiotolueno 
and tni^tnqihenol. are amongst the most 

I Mjwerful and iinjKirtaut ‘ high' expiosivt-s 
mown, but the lower derivatives are not ex- 
plosiv«w 111 them8elv«« (-xcept unde% initiatory 
iinpuils(is imiKMCuble in practice, and arc mostly 
us(‘d os (^nstituenie of explosive mixtures. 
princi;>ally with ammonium nitrate, potassium 
chlorate, or ammonium perejilorate, the nitro- 
hydrocarbons Iwing usually fused before mixing 
with tho oxidising ingi^ent. Mixtures of 
nitro compounds am fiequentlv used as ex¬ 
plosives for speeific purposee. Toesensitivaness 
of trinitrotoluene may be increase^, for^xamplc, 
, by mixing with plcrio acid, and Miat of picric 
acid reduced bv mixing with dinitrophenol. 
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■AnoUier advantage obtained by using such about 1*3 a velocity of dotonati^i of 0»700 metres 
iuixtur|p is that the mixtures melt and can be per etc. 10 gma. exploded, in a load block gave 
poured at a ooiuidorablr lower temperature an expansion of 241 c.c., that of trinitrotoluene 
than the constituents. The eutectic mixture being 210 c.e.» and of picric acid 228 o.c. 
of picric acid and trinitrotoluene, containing Mono* and dinitro-lx'nxeue an> active poisons^ 

about 34 p.c. of the former, melts at 55". and care is necessary in handling bare explosivea 

• 1 ^ . containing them as iugn.'dionts. 

Nltrohydrocarbons. ^ ^ 

The hydrocarbons are nitrated in the usual Nltrotoluonw. 

manner by mixtunjs of nitric and sulphuric 'I’he muno-, di-, and tri-nitrotoluenes arc 
acids, tho’degree of nitration being controlled *all, but princiiially the two latter, uHe<l as 
by the composition of the mixed aci<l, its jno- constiluents of explosive mixtimw, but the 
portion relative to the hydrocarbon, and tht' trmitro diTivative has also iKH'oiue of import* 
tem|>orature of nitration. For the lugher nitra- ance as a high explosive for military purposes, 
tioii'i, ‘oleum’ ()r Nordhausen sulphuric acitl is IVinitrotolui'iK* is obtained l>y the nitration of 
used for bringing up the coneentratuui of the j tolmuie m stages, so that it issunneewsary to 
mixcnl aeids, and when the nitration takes jdaco i make separate mention of the manufac’ture of 
m stages the spent acid from tlie higher nitra- ! diiiitrotoluone. 

tion stage is freijnentiy used, after adjustnwnt j The lowi*r nitrotoluonee have toxic nropcrt.ic«, 
of its compo-sition for the tirststago of th(* process, and usually cause a very irritant dermatitis. 
Economy of workintr is eflcctcd by t he use of . altlurngh soim^ pi'rwons art? more or less immune 
solid sodium mtral-i' msU'ail of nitri<- acid in'’from the latter. The poisonous charact/cr and 
some eases. ‘ irritant projicrtios of iTudo trinitrotoluene arc 

'I’he arornate- lij'drocarhons used for the prohahlv largely due to tliolowor nitro impuritica, 
manufaetun* of nitro (‘xphwives an* usually espoiaally iliriitrotoluene, but fatal casea of 
obt^wneil hy the fractionation of lual tar, hut poisoning liave Imh-ii attributed U» the preecnoo 
some naturally occurring pctTolciims contain a of U'tranitronu'thanc. 

consideralilc ]>ro]K)rt,ion of bcn/.i-iKud hydro- . Ttinilrotdmnv in the explosives industries 
carbons, and process^ liave been |Mvt<‘nt(sl in ' of this country w usually known as * T.N.T.,’ 
the Umte<l .St.at4*s and in tJeiinany bir thmr ' an<l this was at one lime the service name, but 
production froin*|)etroleuni and paralhn hydro- | it is now called ‘Tn>tyl.’ It is also known in 
carbons by a j)ro{;<'ss of ‘ (Tuckmu ’ and fra< lionHl diffenmt countrit^s under the namt^s ‘ tolito,’ 
distdlation. The American Aetna I'Jxjilosivcs ‘ trilit,’ ‘ trinol,’ ‘ tritolo,’ and ‘triton.’ 

Co. spent large sums in ih^veloping the U.S Mauufndurv.—il is manufactured by the 
Bureau of Muies’vapour jihase envking process, nitration in stages of the carefully purified 
hut the crack<‘d oil contained only about 3 p.c byflrocarlum, about 99 p.c. pure and oi about 
benzene and 2| ]).c. toluene, am! the best 9 h*»<> sp gr. The nitration is carried out 
benzene an<l toluene obiam<‘<l by fractionation usually in either two or three stages, in cast-iron 
contained about 10 ji.c. of paratlins of tlu* same vessels, someUmeH eiiameliod. The nitrating 
boiling point, in the nitration of the toluene pans are jaekoWd so that the temperature may 
HO obtained, for example, the monomtrotoluene lie controlled by the <*irculation of either cold or 
first forim^l may lioHepaniLcd from the j>aralliiis warm water, and are provided with a suitable 
by solution in sulphurur acid Ix'fore further stirring apparatus, such as jiaddlcs and baffle 
nitiution (Flurscheim, U.S l*at. ]22.'>32i, 1917). jilatos, and usually with a cover through which 

The ntlrobmzenrA are not used a.s explosives pass a fume pipe, the acid supply pipe, a mpe 
alone, although they «an U‘ exploded with for tlio hydrocarbon and a thermometer. The 
difficulty, but the mono- anebd^ derivatives are toluene is nitrated first of all to mononitro* 
use<l, in combination with oxidi.sing salts or toluene, or directly to dinitrotolueno in the two- 
With more explosive ooinpoumls, in many stage methiMl. In the first stage the wasU^ocid 
modern explosives mostly used for blasting from a previous tri-nitration » used after being 
pur|>osciH. Numerous instan<;es of these are brought up to the requisite strength by 
given. Dimtrobenzene is also used to some addition of nitric acid, this being run into the 
extent in some sporting semi-smokeless |>owderH, toluene in some factories, in others the hydro* 
and is added as coiwtituent in some dynaniiU's carbon is run into the mixed acid. A suitoble 
to lower the frfvzing-point of the nitroglycerin acid mixture for roononitration is 170 parts of 
and prevent frex'zing. Tri- and ti*tra nitn»- mLxed acid, containing 2 parte of nitric acid ol 
lienzenes, obtained by the drastic treatment of sp.gr. 1-42 and«3 parts of sulphuric acid of sp^r. 
benzene vrith mixed acids, are b<jth indte easily 1-84 jkt IOO parts by weight of toluene. 'J^e 
exploded than the di- derivatives, but little use acid or hydrocarbon is run gradually and with 
has been made of them up to the present, owing constant agitation into the hydrocarbon or acid, 
to the difflaulty in their manufacture and the the tcmjierature not being allowed to rise above 
jwor yields obtained, although triiiitroberikene abolit 1W)°. When the admixture is complete 
has b^n proposed as a s^listitute fo%picric acid ) and there is*no tendency to«further rise of 
as a high explosive by the (Jhemischo Fabiik | temiierature, the reaction is allowed to continue 
Uriceheim (Ger. Pat. 79477, 1893). Trinitro- for about 30 minutes, the niixtu|p allowed to 
benzene is more powerful than trinitrotoluene. se|)arate, and the spent acid is dre^ng off. The 
According to Dautricho {Mem. 1*. et Saltp. crude mononitro^lueno is then cemverted into 
19U-1912,'27) trinitrobenzene when compress^ din^rotoluene by treating 100 parte of the 
into filets at pressures from 275 to 4125 kilos, former with 215 parte of mixed aci^ containing 
per sqj, cm. has a density of from 1 *343 to 1 '062. f pai^ qI nitric acid sp.gr. 1 *5 and 2 puts <n 
when loose its velocity of detonation is 3900 sulphurio acid of sp.A 1^, kbe temperature 
metres per sec., and in pellets at a density of : during Uieir slow^a^ixturo being about 6^ 
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\a> 70 aiiii then lUMeU gru^iiially, witli constant 
agitation of the rtiixture, to 5K)"^ to 1(H)® ani^kopt 
at this t«mj)eraturo for 30 minutes. The 
Htirring is then HtopjioO, the mixture allowed to 
sottlo, and tlie Kjxuit wid drawn off. The tri¬ 
nitration iH <*fre<'0‘<l hy lu-ating 1(K) parts of the 
crude dinitro product with 225 parts of oleum, 
eontamui^ 20 p.c. S(>^, and (>5 parts of nitric 
acid of Mp.^'r. IT), lirst for 1 hour at 1)5° and then 
ft)r 1^ lioiiix Jit 120 () After standing for some 
time, thi^ jkkI ih drawn off and the tnni-< 

trot'Ohimie waslu'd witli waU‘r. A yi<‘Id of h(>m(' 
80 to H5 p.c. of the tlieoretical m obtained. 

It IS advisable to carry out the nitration of 
the dinitro. into t he triiutro prodiu-t as uHoparate 
o]K‘ration, otiaii'WiKc a very large veliuiie of 
Hlrong acubi at a high t.<‘iiiperatui<‘ ih 

nspiin'il, ami tliiH h-jvdH to a low yield <»wing 
both to the Ho]ubilit\ of th<‘ ]>ro(luct in t.h(‘ 
mixed acid, and to Uh partial oxidation 'I'hc 
iiianufiK'tiire of t rmitnitoluenc by one con- 
timiouH pr(H'«*sN luiH, hoaever, Ixs'ii consulcrabiy 
improv(‘d and ik now freijuintly uhihI Will 
(Her, JOIf. 707) HtaUw that trinitiobeiizoic acid 
and (■otrariitroiiu'tham' may ociuir among tlie 
proiluctH <»f nitration, the latter, if jiresent.. Iieing 
ri'adily recognisahle hy it.s powerful ami clia- 
riwt<irwtic oilour, amt Capwarow (('hem. TSJ(‘Wh, 
1015, 247) Staten that the oxidising act ion of the 
nitrating acids is mcn-ased by the proenco of 
motallK^ salts, sodium uitratK-. and esiH>ciii1I\ 
aiumoiuum nitrate. Pliemdic com pounds aie 
liable tii Im' formed by tlx' jiction of h^\<h’ogen 
libcmti'd by the action id Jicid on th<‘ metal 
nitrating vi^sels, and sulplioiuc acids may oc< ui 
if thorci IS jiny tiehciency <d nitric iicul m the 
mixed acids. 

The waste muds of the caily nitrations 
eont-aiii triiutrotolueno ami ofliei iutr«j product-s, 
whK'h may Is^ soparaOsl hy dilution with watiT, 
nr nunoveii hy agitation with solvents. Isdoie 
the aeid is denitraOsi and eom eritrati'd (x'lfch 
(Eng. I*at. 15455, 1015) uses t-oluene or mono- 
nitrotolueiie for the extraction, inidi'r suitable 
conditions of U'in{H'mtim> and concentration, 
the product lieing again subiurtted to the 
nitration }»rou*sse«, and .lohnson (I’.S. I’at. 
127157S, 1018) HubmitA the spent acid (,<* reduced 
prosauro, tlio libc'rakMl gas bubbles float the 
trinitrotuliione to the surface an<l the sjM ut ai id 
m drawn of! from Udow. 

PurifimtioH. —^'I’he crude trinitrotoluene, 
which mel(« at almut 70°, is washed fns' from 
acid by molting and rtMM‘ats-d agit-ation tilth 
hot water, sometiimw inmie alkaline in the early 
washed with a litt le caustic or carlninate of soda. 
Purification by washing with alkal^ia inadvisable, 
however, for Will has shown (Ber. 1014. 711) 
that diiiitrocrcsylates are formo<i from the 
6 and y trinitrotoluenes present* as impurities 
by the action of alkalies, which like the nitro- 
phenates arc sensitive saJts. After drytng*the 
product forms aommorcial rrudr Jrm%ir<M(Sutnc, 
and is used of this purity for most commeicial 
exp^tve imxturee and for many military 
purposes. Ic consults essentially of symmetric^ 
a. or 2.4.(rtrinitrotoluene, with small quantities 
of the 6 or 2.3.4, and y or 2.4.0 trinitmtoli^ee 
adth some ^nitrotoluene and {>ossibly mono- 
aiteot<dneiic. In addition, besides tragpBt)! tffs 
imparities mentioned aluvre, free acid and some¬ 
times alkali, may be present 


Por some puriioses the crude trinitrotoluene 
is further purified either by soaking the TOwdOT 
in a solvent such as cold alcohol or benrone, in 
! which the impuntif* are more soluble, or by 
I i-ecrystallisation from the same solvents, or 
preferably a mixture of the two is used containing 
10 p.c. Ixmzcne, or from ligh^ petroleum or 
I toluene. Recrystallisation from mononitrotolu- 
; one has been patented by Roberts and Stuart 
(Eng. Pat. 7047, 1015), the solution of im- 
}>uriti<“« Ix'iug used for further manufoeturo of 
tniiitrotolmuie, but freeing the product from 
mononitrotolueiie must Ix^ difficult, and in Franco 
recrystallisation from strong sulphuric acid is 
HometinioH used, with subsequent washing with 
water. In recrystallisation from alcohol, (ir 
alcohol and benzene, the crude trinitrotoluene 
IS dissolved in a steani-jaeketed vessel litU^d 
with a eondon.ser, tlui solution smked through 
a filter cloth by a vacuum, and the trinitrotoluene 
allowed to erystalliHc out. A second rccrysta!- 
Iisalioii may ls‘ ust'd where a jirodiict of the 
highest ilcgree df purity is required. The 
<'r\stals aie fix‘ed from residual solvent first by 
wiiizzing in a centrifugal an<l then by exposing 
on trays in dr\ing o\('ns heated by liot air, or 
HoiiH'times the product is dried nioiv. quickly 
in the molt (Ml eondiiion in \acuum ilriors, and 
aft-erwards cast and powdered. 

SiKctjU'dtions .—The following specifications 
f<ir tlie two gra(k‘S of trinitrotoluene issued by 
t.lie U H. Navy Di’part nu'iit' an* typical :— 

(fHnii .1 Prftiutl .—The tiinitrotoluol must 
be a high-grade material, made from a suitable 
(juality of raw inateriuis. Jt lyust Ih) tho- 
loughly purilu'd by recrystallisation from an 
appioved solvent, so that the finished pro<luct 
shall have the following characU'risticK. The 
iiiabTud must he iii the form of a slightly yellow, 
line, and uniform erystalline ]K»wdcr. At least 
5M> p r must ))asK tlirougli a sieve of 12 inesli to 
fhe linear inch. No odour of any by-product 
or iTystallising agent may bo present. It shall 
havi* a m.p. of at Icawt 7!) '. It shall be free from 
acidity, and sliall not show more than traces of 
metallic salta or rysiduoi solvents. The average 
moistimi of a shall not be greaU*r than 
0 1 p.c. The average ash <if a lot shall not be 
greaU'r than 01 p.c. It shall not contain more 
than 015 p.c. material insoluble in alcohol. 
It shall cont-ain no free toluol, or impurity 
giving a nitric acid reaction with a sulphuric 
acid solution of diphenylamme. It shall contain 
not less than 18-20 p.c. nitrogen as determined 
by Dumas’ combustion method. It shall give 
a heat test of at least 30 minutes at 65-5° with 
poiaHHium Kxlide—starch paper. 

Ouit^ li. Cmtif. —The trinitrotoluene must 
be a higli-grade material made from a suitable 
quality of raw materials. It shall be a yellowish, 
uniform. crN-stalline powder of such fineness that 
at 90 p.o. will pass a sieve of 10 meshee per 
linear inc|^ It shall have a m.p. of at least 
75‘5‘\ It shall be freS from acimy. It shall 
show not> more than traces of metallic salts. 
The conditions as to ash, moisture, insoluble in 
, alcohol, content of free toluol, and products 
giving a reaction with dipbenylonAie ore the 
’ same as fesr the refined proauct. It shall contain 
' not less than 18 jp.e. nitrogen as detefkniQed by 
Duftias’ combustion method. 

One objection to ^e use of crude trotyl m 
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a chaj^ is that the lower mclU&g im* ^ 
poriUec^ud to exude ae an oil during storage 
at a high temMi%ture„ and if this exuding oil 
penetrates to me priming or detonating charge 
this may be so deigned that failure to detonate 
results. ^ 

Liquid lrtn>lro/o2ucne. The nitrated products 
recovered from the solvent used in the recrys* 
tallisation of crude trinitrotoluene, a thn^k 
brovm syrup consisttiig essentially of a mixture , 
fif & and y trinitrotoluciiQS, dinitrotolucne and a 
little mononitrotoluenc is used in <’ertain plastic 
explosive mixtures under tlie name of ' liquid 
triiutrotolu 9 ii 6 .’ A liquid product obtained by 
the direct nitration of (Tudo trinitrotoluene is 
also used by this name, it is of sirniJar comi)osition 
except that it contains more a-triiiitrotoluene 
and some un-nitrated hydrocarbons. 

Froperiicn. —^Trinitrotoluene crystallisort from 
alcohol in sulphur-yellow nocdlcM, but wlien 
petroleum or toluene i« used the’ cryKtals art*, 
darker and of a light buff colour. It** <-olour jh 
darkeno<l by exjjosun' U* light; when fn*Klily 
sublimed in the dark it is (pnle coIouiIchh. 
When pure, it is without odour and puwdically 
insoluble in cold wah^r. Jl melts at 81*5 ’. It 
is soluble to a slight <-xt(‘nt in hot wat<T, and 
dissolves readily in alcohol, light }K.'troleiim, 
benzene, and other organic solvent«. It dis- 
solvee in eonccn^al<*d sulphuric acid at IK) -100'^, 
and separates unchanged on cooling. 

(’rystals of trinitrotoluene have a density of 
I *5, that of the solidified mass afUT fusion 
l>eing !•(>. 

Trinitrotoluene. IS chemically very sbvhle, 
but undergoi*s very slight doeonipositMUi with 
evolution of gas at ISO"". On application 
of a flame, trinitrotiilmme buiTW with a 
hot but very smoky ftam<“. It ignites more 
readily than picric acid, its ignition point 
being about 2W®. It cannot lie explodwl by 
flame in the open and alone, and only <iuitc 
locally by very strong pon ussioii, but can be 
readily detonated by moansof mercury fulminate. 
As much as 1000 kilos. Jbave burned away quite 
quietly in a confl^ration, knd a rifle bullet 
may \)e fired through a foM mass without 
causing explosion; out disastrous explosions 
have occurred when'very large quantities have 
been involved in a fire. It may bo detonated 
in the powdorod or finely crystalline form by 
means of a No. 3 detonator containing 0*54 
gram fglminate composition, but when fused, it 
requires priming either with some of the l<x»se 
lewder, or other explosive such as ‘ tetiyl.’ 
Its velocity of detonation depends on its density, 
or degree of compression, but is about 7000 m. 
per sec. It is quite safe to hand!* and is 
stable under very varying atmospheric condi¬ 
tions. 

Trinitrotoluene is the most important of 
shell hi^h explosives. Over picric acid it has 
the distmet advant^cs 4hat it dotas ^ot combine 
with metals, and, generally, has no acid pro¬ 
perties. When pure its dust and vapour are 
not irritating or mjnrions to those worl^g with 
it, mid it has a considerably lower melting-point 
and^ not so sensitive. It is slightly less powerful 
thanjpiotio acid in the ratio of about 91 : 100, 
and owing to its lower velocity detonation 
hM tsBsshattering effect; butthis is anadvantage, 
•inoe ux tike fra^entatiBn of a sh^ tbb pieces 


are suflioienUy large 'to have considerable de> 
strucAve effect. The lower bursting effect of 
trinitrotoluene, as oompared with picric add, is 
attributed by Kast to its lower density and lower 
rate of detonation (0700 metres per second 
against 7100 metres per second). It is a less 
powerful explosive than wot guncotton, but its 
effect at a dwtanoo is greater, and it has replaced 
guncotton in most countries as a charge for 
^tor|KHlo war-heads and for submarine mines. 
It WOP first uso<l in (Germany in 1904. 

1'rinitrotoluCDo fulfils in a high degree the 
ixMiuiremcnts of a military high explosive. Tho 
desirable pro|>crtii’« are that it should be very 
powerful, but that its effects should not be too 
shattering or liK^al, that it shotld be safe to 
liandb', transport, and store under normal con¬ 
ditions of use, including those of a ship’s maga¬ 
zine in a hot elimaU', that it should be chemici^y 
stable under all storage conditions, that it should 
, be eapable of certain and eomnlete detonation, 
both ill sinall and in large shell, under suitable 
impulse, but that it should bo sufticiontly 
insensitive to withstand the shuck of discliaTge 
when fired m a hig sliell at full range. 

'J'riiiitrotolucivc is deficient by ti5‘9 p.c. in 
oxygen for tho complete combustion of its 
carbon and hydrogen, and by 22 p.c. when its 
carbon is burned to monoxide, and when 
detonated oven comiiletely free carbon is 
Hborat-ed in the form oi thick black smoke. 

Accoitiing to Daiitriclie (Mem. Poud. ot 
Haltp. 1911-1012, 27) when crystals are com* 
pn^Hsed into pellets at pressures varying from 
275 to 4125 Kilos, per so. cm., trinitrotoluene 
has a density varying from 1*320 to 1*U10, 
[iicrie acid varying from 1*316 to 1*740, the 
velocity of ilctonation of tho loose powder being 
4100 nieiriw per sec., picric acid being 6100, 
and of |>cllets at a density of 1*3 being 6200 m> 
per sec. for trinitrot-oliicnc, and 6300 m. pei* 
see. for picri<* acid. When 10 grams were fired 
in a standard lead block tho expansion with 
tmiitrotolueno was 216 c.c., that of picric acid 
being 228 c.q. 

Shells are usually filled with trinitrotoluene, 

' as with fiieric acid, by melting the compound 
and allowing it to soliwy in tho shells. Uiobel 
(Fr. Pat. 357925, 1905) proposes to use com- 
! pressed trinitrotoluene, which he had previously 
; shown to have a higher velocity of aetonfUi<m 
than in the louse condition, as an explosive for 
I sheUs, mines, and torpedoes, by cementing 
ti^ethcr blocks of the compressed material by 
i means of the fused compound, and, in a later 
patent (Fr. Pat. 369371,1906), proposes to obtain 
a higher density than by simple costiim, with 
trinitrotoluene as well as with other fusible nitio- 
! explosives, by casting in a closed vessel, first 
; placed under evacuation, to remove dll air 
I DuJiblQs, and then submitting the molten m a ss , 
whilst rapidly cooled by means of a water-jacket, 

I to compressed air or carbonic aclff gu. A density 
! as4iigh as 1*69 has been obtainea in this way. 

Nobel (Oer. Pat. 212169, I0071^has patented 
a method of increasing the densityaof trinitro- 
tolueoe, and other suitable nitrohydrocarbons, 
byffirst cooling the shell to (P before pouring 
in tlm liquid. Rudeloff, by compseseion under 
3000 aMbospheres, has ob^ned a mass with a 
density of 1*7, ths4 c^ be cutAUid worked Hke 
wet gunootton. ^ detonation of the demifiliA 
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HOlid k by uNihg some of tlio loose 

trimirutoluoDo as » primer. * 

. Trinitrotoluene is also used in considerable 
quantities for dotonatorK. It is employed either 
luone, with a priming of mercury lulminatc, or 
as an ingre<liont in cap and detonating composi¬ 
tions. It is, for example, stated that in 


espocklly in those containing a large proportion 
of ammonium nitrate, as there is no dihger of 
the impurities exuding as an oil on storage at 
high temperatures. 

Other nitrohydrocarhons. NitroxyUnei. The 
mixed tri-, di- and mono- niHfohydrocarbona 
obtained by the nitration of the fraction of coal- 


No. 7 deWnator the 1*5 grams of fulminate can : tar distillate containing the three isomeric 
be advaniagooiisly replaced by a mixture of ' xylenes are used in some explosives. ‘ Mona- 
0'7 gram of trinitrotoluene and O C gram of* chit ’ is an ammonium nitrefte explosive contain- 
fulminate. ; ing nitroxylenc^, essentially the trinitro product. 

Trinitrotohu'iie has lieen suggested in The nitrohydrocarbons, largely di- and trinitro 
various mixtures as a iii|^h exphisive (or shells (lcrivativi>s of mesityleno and pscudocumene, 


and UirjKjdofw. Hichcl (Fr. Ihit, 300001, 1JK)0) 
makes a plastic explosive called ‘ 'f)la«troli/l,' 
by mixing it v^h a solid or licptid resin, such as ' 


obtained by nitrating solvent najihtha, have 
been ju-oposod by tShuk and Gehre {Eng. Pat. 
5087, liK)r», and 11)505, 1007) for uk<* in explosive 


oopaiba balsam, or larch turpentine, witli or , mixtures of tlie usual ty|H*, known as ‘ Vigorite ’ 
without the addition of flmitrotoluen** and and ' Uamntc.^ 

ooliodion cotton. KiidelofT an<l AUcndorll (tier. ; The iiitrpnaplithalence, usually dmitronaph- 
Pat. 2013(H{, 1000) make ' tripfastit,' with a ; tlialene, are oi easionally used, principally associ- 
densiiy as high as 2 5 by mixing with a jelly j.ated with am*monium mtrate in .safety explosive 
proparenl from dmitrot<jlu(‘ne and Holiihie duiitro- mixturt«. Monomtronaphthalene occurs in the 


ooUuiose, heating slowly to about HO'", and 
incorjiorating, os an oxygen earner, a mixture' 
of potassium chlorate and lead nitrate. 

Tnnitrotoluene is a constituent of many 
modern amnumium nitraU^ safety explosives, 
in which it has n^placiHl the dmitrolK'iizeiu', 


' chedditi's,’ di- and tn- nitrOnaphthalenos in the 
‘ (jnsounit' and ‘ Ammonite ’ class of explosives. 

The nitrohydrocarbons of the fatty series 
have so far met with only a limited use. The 
Soc. anonyme d'Explosi^ ct dc Prod. ('him. 
(Fr. Pat. 31)4992, 1907) claim the use in par- 


whieh was more common in earlier mixtuix's, i tirular of inononitroinethane, a liquid bouing 


it is not only more poweriul but also less 
toxic. 

Mixturm of ammonium nitrate with trinitro- 
toluene have lieen generally and largely used jis 
a military high explosive for sIu'IIm. bomlw, 
grenados and mines. Sometimes a little wood 
meal and nitroglycerin art' added to assist' tn 
the detonation, as in the (fennan ‘ Astralitc'.’ 

Amatol. In this country the mixtures of 
ammonium nitrate and ‘ trotyl ’ are knowr* os 
* Amatol.' The mixtures are used in vanou.s 


at about 99‘''-100'’, in smokek'ss powders with 
lutroci'llulose, or nitroci'llulosc and nitroglycerin, 
and tin* use of tetranitromethane by Winand 
lia-s already Im'cu mentioned under ‘ Sprengel 
Explosives.’ 

Nitrophenols. 

Tlie potasHiuni salt of mononitrophenol can 
Ix' detonated by percussion, and it has lieen 
jiroposed in America (U.S. Pat. 70271(>, 1906. 
and 940580, 1909) to use dinitroplicnol mixed 


proportions deeigiiatod by » fraction of wliicii i with picric acid, to lower the melting-point of 
the pen^entage of ammonium nitrate is t he i ^ latter, and as an ingredient in explosive 
numerator, for example, !)0'10. 80/20, 5(>/.W, ! but the only nitro derivative of 

and 40/00. The proportions for complete ( dm- i ‘»r<linary phenol used to any extent is picric acid, 
bastion of the trinitrotoluene are 78-7 p.c. i «y»V»Hncal tnnitrophenol, which is largely 
ammonium nitrate and 21-3 p.c. trotvl. so that » ^‘8^ explosive; and to a 

‘ Amatol 80/20 ’ approximately fidtilH this extent in»eiplo6ive mixtures, usually of 

condition, Somoiimm the mixtures are milled : detonating claHs. 

cold and * stommod ' or rammed into the recep. i , Jhntfrophcjwl is used ocoosionally in mixture* 
4aol»i, sometimes, when the proportion of tro- i nitro bodies used as explosives, but is usually 
tyi is high, this is melted and the plastic intermediate product in the manufacture of 
mixturo is pourrd dmwtly, or eomnmwrd iiit-o acid from wrtzene. The benzene is first 

sl»bs Md looked, into shells. These mixtures chlofnated, the chlorbenzene mtrated, and the 
form *wcrfal high explosives, somewhat mom ' rwu tmg dimtrochlorbenzene heated witlfcaustic 
powerful th»n trotyl alone, owing to the more i The dmitrophenate is finally d^mposod 

complete combustion, but the shatU*nng effect ! , hydriKhlonc Mid, and the dinitrophenol 

is leas than with trotyl alone, owing to the lower washed and punhed as usual. When pure it is 
velooity of detonation which is of the order of ! 

fSOOO to 6000 metres per see., according to the ! KlhcMd Wells (U.S. Pat. 122007B, 1917) mtrate 
proportions. The lower shattering effect is not ; the chlorbenzene by Itfjatmg with sodium nitrate 
neoeasarUy a drawback. The niixturm *ro I and su^hunc acid. 

difficult to detonaU','the difficulty increasing i , Floric acid. Mamtfaciure, ^Direct mtration 
with the propoifton of ammonium mtrate and ! of phenol nth strong .pitric Mid gives picric 
with the dogreo of compression, and it is ne*«- hut the Mtion is very violent, and there is 

Iia »7 to p£w thorn with another explosive. by ,o«d*tH)n, and it is ^er- 

when ^ uw of a powerful fulminate detonator is ‘b*®*. ““Ipbonate the phenol before 

Inndmiaaible. They are hygroaeopio, and pro- 
oantiima have to be taken to protect them from 
atmospheric amoisturo. and when cffic^tip 
detonated they are p{actljp^y smokelesif, mving 
only a sUght gl^ or wStegilood. Crude tn- 
■aitrotalueae can be used for Uese miztuns, 


nitration. The reMtioas are: 

(1) 0,H,OHH-H,804=C,H,{80,H)OH+H,0 

(2) C.H,(SO,H)OH+8HNO, . ' 

. =.C,H,(NO,),0H+H,SO,+»H,O 

In the old method of manntaetun of |)icrio 
aoid, which is atUl lelgely used, very eun]^ 
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it nMd, little or no oftre is taken In, 
temperatitre control of the proocas, and oon- j 
aidenl% iraste of >8u!phario and nitric a<^ 
oocors, doads of nitrona fumes from the nitrating 
pots being aUowed to disperse over the surround¬ 
ing ooimtr^. A pure quality of phenol is taken, 
obtained eithefitby careful fractionation of the 
coal-tar product or the synthetic material, and 
melted in its drums in a steam-heated chamber. 
The hot molten phenol is poure<l into about five 
times its vreight of concentrated 98 p.c. sulphuric 
add, from which the lead sulphate has been 
aUowed to settle, contained in iron or enamelled- 
iron vessels, frequently ordinary houseiiold 
b^hs, armnged round a shed. The mixture is 
stirred occasionally with woixion or iron jiaddlcs 
for about two days, until the product is in the 
form of a solid white paste, without phenolic 
odour and conipietoly soluble in water. A 
chaige of the sulphonate and ex<'(WM of sul¬ 
phuric acid, sufficient to require a whole carboy 
of strong nitric acid for its nitration, is weighed 
out into the nitration pot, a little waU'r is added 
and the mixture stirr^ occasionally during the 
day. The earthenware, nitration j»ots, arrange<l 
in row^down a long s^tod ojien at tlie sides, ar(' 
embedded in a non-conducting mass of ashes or 
similar material. A carboy of nitnc a<‘id is 
placed at the side of, and above the level of, the 
nitrating pot, and a narrow glass siphon arranged 
so that the nitric acid passw in a t hin stream 
into the midst of the mixture during the night. 
The mixture is not stirred and the.pot^^ are un¬ 
attended during this time. The mixture sets 
solid, but is stirred occasionally during the next 
day to complete the nitration, after the orange 
to rod coloured crusts of low melting-point 
material have been removed, for sale os seepnd- 
grade material after washing. The preliminary 
washing of the product is carried out in wooden 
boxes, with incimcd bottoms perforated at the 
lower end, by curing a few buckets of wat-er 
over it. For the final washing the content* of 
several boxes are emptied into liaths similar 
to those lused in the sulphonation stage, water is 
run in from a tap and the contents of the bath 
stirred bv hand with wooden paddies, the wash 
water, like that from the pmiiaainary washing, 
being run away down a drain or gully to a smidi 
pond, by owning the plug of the bath. Three 
or four su<m washings are found to efficiently 
remove the mineral acidity. The completion of 
a batch of picric acid by this^process takes about 
a week. 

Tn nhire modem practice, the sulphonation 
is carried out in large iron lead-lined tanks or 
' kettles,’ fitted with a steam jacket and paddle 
agitators. As the mixture is kept hot and 
^tated a smaller proportion of sulphilHc acid 
is required, to 4 pari* being used. The 
nitration is sometimes carried out in euthen- 
ware pots, as alAUve, but fitted with covers and 
fume pipes leading to a stack; but the iflost 
modem methi^ is to h|Te the nit«ktion pots 
of enamelled iron and jacketed, and nitration 
is tempnature controlled by the circulation of 
hot or cold water. The temperature of the hot 
sulpbonate Is allowed to fiall to about 20**, and 
w^t rapkUy agitated, the nitric acid is giadu- 
aUy run iq^ me quanriW used beitv about four- 
thuds •thM theoretioaUy required. The tqm- 
peratore is allowed to r&s gradually during the 


I addition to the nitric aeld of about 70'*'-S0% aia d 
the nitrarioa completed 1^ fiirlheir agiUtlcA 
for about 2 houn. The niUous fumei evolved 
are condensed and reconverted into nttrio-aold 
The product is run off into wooden or enaittelh»d 
vcBs^, diluted with about an equal volume of 
water, and allowed to cool. The crystals d 
picric, acid are filtered off, often with use of a 
vacuum, and washed by a spray of watmr in a 
centrifuge, until praotic^y free from sulphuric 
^id. The crystals, owing to the agitation, are 
small and free from aggregations, are pure and 
j readily washed. 

A further quantity of picric acid is obtained 
in the early part of the concentration of the 
spent sulphuric acid. The final washing is 
sometiificH done with alcohol: •this gives a 
purer product as the alcohol dissolves resinous 
impurities, and also facilitates the drying of the 
picric aci<l, the alcohol being recover^. 

j.arge quantities of picric acid are now 
product, especially on tno Continent, by the 
j direct action of sulpburio acid and si^um 
I nitrate on phenol; the difficulty in frceii^ the 
I picric aei<l from sodium sulphate is one objection 
j to this process. 

I IfrtriTiq, griiuiing anA n/h'ng. The prelim- 
ina%^ drying of the picric acid, sometimes filtod 
I into large canvas bags, is eff<K;tod in the oentri- 
j fugals. For the final drying, the picric acid is 
J spread out, in stoves or shi^, on broi^ glsMi 
: shelve*, tlie glass being stren^hened by w^- 
I netting insertion, in some stoves the shelves 
! are of enamelled iron or of aluminium^ but wet 
I picric acid has a slight action on aluminum, 
j The sUivee arc heated by steam pipes below the 
j shelves, and the acid is turned over occasionally 
I with wooden rakes until dry. The dry acid u 
i fed by memna of a hopper through a smve 
I worked mechanically into a closed chamber, 

I from which the material is packed. Lumps and 
aggregations of crystals left on the sieve are 
I ground in an edge-runner mill and re-sieved. 
The drying and grinding of picric acid are 
dangerous operations, and whenever possible are 
not performed in the picric odd works, ihe 
product as it leaves the centrifugids being 
I transported in the damp condition to the ex¬ 
plosive* factory. With this precauflon and care 
to avoid cont^t between the damp picric add 
and metals, except aluminium ana fin, * 
manufacture of picric acid is pracrioally free 
from danger. 

To obtain more perfect purifioatiem from the 
last traces of mineral adds, picric add nfty be 
converted into its sodium salt by duMolviim in 
hot solution of sodium carboirate. On codW, 
almost chemically pure sodium piemte orystu- 
liscs out; th» is centrifugated, washed with 
cold water, dissolved again in hot water, and 
the acid precipitated by adding an exoess of 
hydrecl^loric acid. This is finally purified hy 
wasning and centrifugation, and the last tfMei 
of acid are volatilised on drying.^ 

fihitensohn (Eng. Pat 16628, iOOO) prmwMi 
to add the phenol, dissolred ia^pazafim «r 
similar oil, directly to the. nitric corn e d 

with a layCT of thwsame oil, in mrder to imvianKi 
the witration reaction witiiout salphonetiaiL 
A W^hdffer (Ger. Pat. 126066, foiOlsmestS 
arnSmir m the prima^ f^tecisl Insteea Of 
phemol, as being kps fubjeet 10 vncMoil 
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Biurket pric^. It is oooycrUxl. through sulph' 
•oiiio acid, ints> diazobfmzcno sulphonic and, 
readily yields picric acid on nitration, a 
yield of 90 p.c. of the theoretical being olaim^. 

Hepp (Annalon. 1H82, 344) HUggeeted the 
preparation of pii^ric acid from benzene by first 
conrerting this into trmitroU’iizone, and then 
oxidisii^; the pro<lu<t, with a mild oxidising 
agent such alkaline solution of petaesium 

femeyanide. lie claitiie<l a good yield, and 
successful commercial manufacture based oy 
this suggestion is said to have taken i)lace, but 
the dimculty m the trinitration of benzene 
would seem to throw doubt on t his. • 

/VopertiVx.—IHcric ai’id crystaliisw in bright 
pale-yellow plates or ^irisins. When recently 
sublimed in the dork it is quite colourfi'SH, and 
the eolourh«M tautomrride is also the stable 
form in contact with strong ucids. It is H]>ar- 
ingly soiubh' in cold, hut mon; soluble in hot 
water. It has an exci^cdingly bitter tasti*. and 
its tast<i and colour are iinparti'd to very dilute 
aqueous solutions. It is readily soluble in 
alcohol, acetone, ether, and Isuizene. It melts 
at 121 dV’ to a yellow liquid, and by careful 
heating may Iki sublimed without decomposition, 
the vapours being very bitter and irritating. 
l*icrii‘ acid ignites at about. 2(50®. Suddenly 
heated, it dellagrates sharply, with a bright-riMl 
Hootv ilatiie. and Bcrihelot has sliown that a 
small quanlity dropped on a r(‘tl-hot surface 
d<H!ompos(W with explosive vi<»lenee. 

Large masses of picric ac<4d cun bt' heated in 
a confined space without explosion, hut TiertheUtt 
is of the opinion that the explosion of a small 
•quantity by a lieated surface may. under certain 
conditions, (lause detonation of a large mass of 

J iiorio acid. Some big explosions following 
ire* at picric acid works are to l>e explained in 
this way. . • 

It is difficult to explode picric acid by direct 
percuoaion, but it can lie readily detonated by 
mercury fulminate ; 1 •.'5 grams of fulminate act 
well for the dry powder; even wet picric acid, 
containing as much as 15 p.c. of wat<>r. can I>e 
»o detonated if a nrimii^ oi the dry arid is used. 

The heat of formation of picric acid is 49-1 
eaU., and the heat of total combustion in oxygen 
A18*4 eala. (Berthelot). 

Picric acid does not contain suffirient oxygen 
complete combustion, and it is 3 49 p.c. defi- 
wot for the formation of carbon monoxide, and 
45*41 p.c. ^fioient for the formation of carbon di- 
oxid% Nevortheiees, when cfiicicntly detonated, 
it is one of the most powerful explosives known, 
ezoeeding dynamite and compressed guncotton 
in power, especially when densihcyl by fusion and 
soudifioatlon. Qomplete deton&tion is accom¬ 
panied by a black smoke. The density after 
casting is 1 *5-1 *7. and it can be obtained with a 
■till higher density by Bichel^s method of cast- 
li^ unaer preesure. • • 

Picric aeid^waa fint saH^gested for use as a 
Mmi-exploeivemgredient inpropdSant explogives. 
IforeoM (Chem. Boo. Trans. 1873, 803)'^ was 
mat call att«iti<m to the explosive 
{MMiihWtlbs of |»orio acid in iteelf, bat it was 
WA HU 188(1 that Turpin made a practical h%h 
COpIcfeiTe ^ it, by suggesting the use ol^m- 
pnaaed <Hr molten ;pcric aora as a chgfgeAn* 
alMtti. The ^alu* ofaptexk add 2& a high 
^^Mqptoalee lies m tiie tact, s> Tui|dn pointed out. 


that In this class of explosives the maximum 
effect does not coincitto with complete combus¬ 
tion, but oceprs where the carbon is ^urnt to 
carbonic oxide, the greater gas evolution more 
than counterbalancing the smaller heat of com¬ 
bustion. Turpin’s first ‘ JlfeZtntie,’ adopted in 
France as a hig^ explosive for sheiks, was picric 
acid made into^a colloidal state and densified 
by the addition of a solution of 3-5 p.c. collodion 
cotton in alcohol and other, but very soon this 
was abandoiuHl in favour of the fused picric 
acid alone, as Tuq>in showed this to be still 
more powerful, and so insensitive that it could 
I iinly be detonated under strong confinement. 

I PicVio a(;id was adopted for use as a hmh ex- 
j plosive in Germany in 1888. The English 
. ‘ Lpd/ltU * is simply fused picric acid, molted in 
largo cans of (?(>])per tinned, of aluminium, or 
' epainelled iron, in a carefully regulated hot-air 
j stove, at 130'’-140®, and filled directly into 
I the shells, a central cavity being left lor the 
1 exploder. Picric acid has been used for similar 
I purposes, also fur mines and torjiodoeB, by most 
I Oliver countricfi under various names, such as 
i ‘ Keraaito,’ ‘ Shimose,’ ‘ Pertite,’ ‘ Picrinit,’ &c.; 

I in some coses additions of other substances, 
j such as nitronaphthalone, di- and trinitroto- 
’ luene, trinitrocrcsol, being made in order to 
j reduce the melting-point. As the melting-point 
; of piinic acid is so liigh, and its sonsibffity to 
! percussion increases with the temperature, its 
fusion on the large scale is to some extent 
; dangerous, (.lirard (Kng. Pat. (>046, 1906) gives 
a long list of the melting-points of cquimoleculor 
mixtures of picric acid with other nitro deriva- 
; tives ; in all cases the melting-point of the 
mixture is well below that of the constituent of 
Io\iiBr melting-point. 

The cast picric acid, when unconfined, is 
much more difficult of detonation by mercury 
fulminate than the loose acid; 3 grams of 
fiilmjnato fired in the mass will not explode it. 

It may be detonated by vising a priming of the 
J loose acid or of gunaotton, but much more 
perfectly by a primer of ‘ picric powder,’ or 
I trinitrotoluene. 

; On the assumption that the explmion of 
‘ lyddite ’ is ropl'olbnted by the equation \ 

i 2(\H,(NO,).OH=3 COj+8CO+C+3H.+SN, * 

I de la Roque (Rev. de Chim. Industrielle, 11, 6) 

I has calculated the following constants :_ 

Heat evolved at constant 
pressure per kgm. , . 853*4 kgm.-cal8. 

Heat evolved at constant 
volume per kgm. . . 876*0 „ „ 

‘ Potential ’ {i.e. maximum 
worl^ by unit weight, 
arauming complete gasifica- • 

tion and adiabatic ex- 
pansion) . . . 278^280 kgm.-metm 

Volume of gas from 1 kgm. 683,463 c,c,atN.P.T. 
Tempera^re of explosion . 2^2® 

Preesure aevelopea b^^ the ex¬ 
plosion of 1 gram in unit 
volume . . . 8086 kgms. per sq. cm. 

Actual analysis has shown tiiat, wbm exploeion * 
takes plaoe, the deoompositio& is mors oomnU- * 
Gated than this, woduati 
monoxide, carbon diox^ nitrom/iSM oxkle, 
water, hydrooyanic aeid, and tendusl cttiyan. 



; Plorie teid it nJh to Bafioftoturo «&d 
in» advwitagM of cost picno acid 
|t a lA enloaivo' too many, ita phyttoal and 
tiwnical rtabUity an vei:y it can be 

EC^ foe toi indefinite {^od under varying 
kti&o»]dkecio oonditioDB ; It i» diflicuU to ignite. 
Old it it very insensitive t# ^reunion; is 
mite safe from*the danger of oeing fired by 
ne shook of th^ dischaige of guns of large 
udibn, yet when |)erfecny detonated it is 
»x:tnme!y .powerful in ite bursting effects. On 
.he oUier hand, there are such disadvantages as 
to high melting-point, the objectionable nature 
if ite vapours, whi(‘h not only dye the hair, 
ikin, and clothing of those wormng with it, but 
are also extremely irritating, if not harmful. IV 
is diflScult to detonate completely, and incomplete 
detonation yields very deleterious gasw. The 
most serious objection of all, however, is its 
acidic character, which leads to the formation, 
in contact wdth metals and some af their com¬ 
pounds, of picratea, many of which are highly 
sensitive, the picratos of lead particularly so. 
Rorioiis acetdento have resulted in the use of 
picric acid,'Which have bc'cn attributed to the 
formation of these compounds, and for this : 
reason the interiors of the aholls are varnished, : 
and lead compounds are carefully guarded against' 
in the lutings used on the screw threads oit the I 
shell plugs, and in all paints and variiishoH 
connected with picric acid sliclls. 'JVmilroto- 
loene ia free from most of these objectionable 
features, and it has consequently more or less 
replaced picric acid in its many uses, 

SmmmsiU (Eng. Pat. 370, 1888), tlie inven¬ 
tion of Emmens of the United States, is produced 
as crystals, said to bo different from picric ac)<l, 
by the action of fuming nitric acid of 8p.gr,* 1 -62 
on picric acid. The explosive was favourably 
reported upon by the U.S. War Dept., and is 
said to bo satisfactory, both as a propellant and 
as a high explosive. 

Pionutos. The picra^, formed by the action 
of the acid on the c^tals, their oxides, hy¬ 
droxides, or carbonates, are well-defined, crystal¬ 
line compounds, which are quite stable under 
ordinary conditions, but thqjg are all more 
SMiaitivo to heat, friction, and percussion than 
the acid it#olf, particularly when free from water 
of crystallisation. This is true, to some extent, 
even of the alkaline salts, whilst the picrates, 
normal and basic, of some of the heavy metals, 
especiatiy load, are extremely sensitive and 
violet.* Anhydrous ferrous picrate is very 
sensitive. The order of sensitiveness to per¬ 
cussion ol some cd the piemtee most likely to 
occur is: lead, iron, cobalt, nickel, banum, 
copper, manganese, zinc, calcium, and^sodium. 
They detonate writh vtoknee, and their detona> 
Uon is sufficient to prime an indefinite amount 
of picric acid, Otd even wet picric acid may be 
involT^. Ammonium picrate is the most 
insensitive. It has been^roposed as^ substitute 
for picric acid for use m shdUs, as it has no 
temieuioy to fona danginrons picrates. The 
tempemtares of ignition of jucratw are given by 
SUbemui aiid PfaiUips (Chem. Soc. Tra^ 1908, 
474), and tiwir zeUtive sensitiveness by Kast 
(Ztitoeh. Jf. d. Qea. Seheass. n. Strengstoffw. 
1911,. 7, ite.). A vary eerious ezpkmon of 
piorio Mid» near Manahester, in IB87, was 
oassed by m^tod Add flowti^ on to 


lititoige, detonating it, and thtodw 
M a primer, oans^ the detoftation «f dtt ite 
picric acid present. In omueotiem witii 
explodoR, Deering showed tihat vtay rong^ 
mixtures of pkrio acid with tt^axge, ^ load, 
lead nitrate, stremtium nitrate, Iia»^ te., 
detonated violently, and were sufficient to 
prime a large mass of picric add. Mizttoel Of 
, picric acid with certain peroxides wd! fire 
spontaneously. 

^ Ex}io9tvf. mixtures containing picric oetd and 
picrates. Many yoara before jdcrio add was 
used as a hign explosive, attempts weoe 
m^e to use it and toe picrates in ex{dosive 
mixtures. It was re<'<^rnuied that picric add k 
deficient in oxygen, and, corwequently, pterie 
ai'id and the piViatos were proposed to be mied 
mixed with various oxidising agents. However, 
tho insensibility of picric acid is'ls^eJy due to 
its deficiency in oxygen, wid for this reason the 
mixtures with oxidising iqi^ento are all much more 
‘sensitive to heat, percussion, and frictimi than 
the acid itwiilf. Mixtures containing picric add, 
with either nitrates, chlorates, chromates, or 
iiormanganates, are extremely unstable, and 
liable to undergo sjiontanoous explosion, owing 
to the slow displacement of the lughly oxidising 
acids by tho piiTio ai'id, in the presence of evmi 
traces of moisture, and many serious accidents 
have been caused by such mixtures. Attempts 
j have been made to increase the stability of 
i picric acid mixtures by coating the partiolie of 
tho acid with an ifisensitive smd protMtive film ; 
for instance, Roth (Eng. Pat. 173550, 1886) 
propf)sed a mixture of picric acid and ammonium 
nitrate with a fatty dryir^ oil, and Turain 
patented various mixtures of picric acid until 
gum, oils, fats, collodion jelly, fto.; but the 
picrates are far preferable to the frM acid in. 
explosive mixtures. 

Tho picrates of ammonium, potasdam, or 
sodium are those most frequently used in explo* 
sive mixtures. In 1869 Desigi^le made mix¬ 
tures of potassium picrate uid charcoal with 
nitre, in proportions varying acoordinff to their 
use, for small-arm and cannon powoem, nod 
mixtures of potassium picrate uid nitn for 
filling torpedoes and shells. These mixtims 
were mode in much the same way as ordinmy 
gunpowder; they gave very good results, and • 
were in use for some time in the French 


60 grams of the propellant powders were Mn 
to giv»the same result as 3M grams erf mdinary 
gunpowder, and the intensity of action srf tim 
Eruptive powikr was nearly 70 p.o. of that (rf 
dynamite rio. 1. In €be some year, Brug4n 
and Abel, independently, recommended mixtusw 
of ammonium picrate and nitre. Bnig4pa*s 
powder was composed of 64 p.e. of ammonteBi 
picrate and 46 p.c. of nitre. It was insensitive 
to friction or shock, slow burning, nearly saiote- 
lessf irf small ann| quite as aa am. 

r wder, and, n<m-ero8ivo. - 

parts of nitre and 2 parts trf _ 
picrate, was at first proposed fornsain a . i 
afterwards adopted In tte asrvioa, imii|^ltewwi« 
of Picric powSU^ ad aa exploder m p$mim 
Wddite ahella. It ia vmy ftairf% bww «lgr 
mpally witii aliBbt deteg r a t k m op igMAlipHte 
iitiMf and iwquirm stitaig eoBteoilM 
ita force, whso 
time it was xnaanftotsM im 
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DMiTOoHc'ii mixturei, but a mixture of 
of jutro and 4» p.c. ammonium picrate. 
inixed^ w«« Hubeequonlly adopted. It is Wsier 
and safer to make in this way, and the product 
is also morti stable, for the wetting in the old 
method of manufacture caused the formation of 
a little hygro«copi<! ammonium nitrate by double 
decomposition. Its theoretical deconii>osition is : 
C(y{,(NO,).()NH.-}- niKNO, 

-22(;()j -h IHN 2 + 15H j(> f 8K /'(>j 


always containing trinitrocresol or its am¬ 
monium salt. Trinitrocrwol has been used 
alone or mixed with picric acid, and #10 am¬ 
monium salt has been used alone or mixed with 
nitre. The ammonium salt is a yellow cl^tal- 
lino solid, melting at about 100®. It bunw 
without explosicm unless strongly confined, and 
is insensitive to iriction and percussion. It is 
stemmed into shells with a wooden rod, or 
compreesi'd into slabs. A guncotton primer is 


, • * I generally used to ensure fcomplote detonation, 

Ammoiimm picrat* and more rarolv, polos-* exploded with a §-gram fnlminote 


sium picraUs mixwl with the nitrates of barium 
potatmium, and ammonium, and oilier iiignv 
clients eoinlmstible and explosives have lH*en tfio 
subjeet of innumerable paUmts for scicallcd 
smokeless and safety powders, nnually in 
America, Austria, or France. Detonating mix¬ 
tures containing picraUw and chloraU‘ of potiisli 
have been proposed, and picrate of lead has ; 
been suggestoci for the same jmrjKise. 'J’lic 
picrate mixtures genc'rally, however, arc shunned | 
in this country, owing t<i their (;ln*mieal insta* ^ 
bility and the extnune dangiu' in their storage | 
and use. j 

TrinitrmnMol, the luelhyl esU>r of j)ieri<^ | 
acid, C<|HjOOHs(NO,)„ has t>een used to some ; 
slight extent as a high explosivt^ in boxnlis by | 
the Germans. Its manufacture is not easy, os | 
the nitrating acids tend to attack the side ehain. 1 
A method of jiroparation stated U> give a 85 p.c. 
yield is describiMl by ItroadlK*nt and Sjumtc 
( 8th Int. t’ong. Apji. (’hem. It)12). 30 purls 

of anisol arc ^dod drop by <lrop to a mixtim^ 
of 130 parts of nitric aeid of sp.pr. 1-52, and j 

220 parts of sulphuric acid of sp.gr. I 84. eooled ! . . . 

to the Uimporotun- Iwing kej.t U-low | BubstanccB, that arc cxplosiveB, 


ploded with a 2-gram 1 

detonator. A mixture of trimtrocrceol and 
picric aeid in molecular proportions, melted 
togcthi^r and mixed with an oxidising salt, has 
lKM.“n pnmosed by Girard (U.S. Pat. 895254, 
1908). Tlie tnnitrocroHylates are more sensitive 
to friction and iKTCussion than the parent body, 
and generally have properties similar to those 
of tlie corn*ppon(iing picrates, the lead salt and 
those of the heavy metals being the most sensi¬ 
tive. 

'riie hiffher 'nitrophends are all more or less 
explosive an<l yielil explosive salts, but they 
have, as yet, mot with no practical use. 

Nitktc Bstebs. 

On nitration, the organic alcohols *and 
earUi)hydrate8 yield true nitric esters, or organic 
nitrates, which are explosive compounds. The 
inU>rnal stnicturo and explosive chara<*teristic8 
of the nitric esters are different from those of 
the nitro ilcrivatives, but, unfortunately, this 
difference has not In-im recognised in the technical 
noriM'iiclaturo. The products of nitration of all 


are all 

technically known as pitro explosives. 

With reducing agents, the explosive com¬ 
pounds of this class yield more or less the 
primary substance of the nitration, and not 
amino comptmiuls, as do the nitro derivatives, 
and hy the prolonged action of caustic alkalis 
they give the primaxy sulistanco and an alkaline 
I nitrate, together with other products of second- 


0® during the addition. The temperature is 
then allowed to rise slowly to fi5'’-70'’C^, and 
kept at this temjierature for 20 minutes, ^'he 
aoids and mixture are kept constantly agitated 
daring the addition and nitration. AfU'r cooling, 
the crystals of trinitr^ianiHol are sojmraU'd and 
washed first with a 2 p.c. solution of sodium 

carbonate, and finally with water. The product j . . , , 

was in the form of lemon-yellow crystals, 1 ^*7 reactions. A simple twt serves to distm- 
meltiim at «4°-66°. 'It ix nrarly insoluble in i ¥“«'» *}"■. *'«'<’ of nitro compounda. 

water, but readily solublo in alcohol, ether, and i " *“‘n shaken wit\ sulphuno aeid, in a Lunge 
* — .. nitrometer, the mtne eeters yield their nitrogen 


acetone; sp.gr. 1*408 at 20®(\ It has the same 
pementage composition as trinitrocresol, and 
irimilar explosive properties, that is, it is less 
powerful and less easily detonated titan picric 
ooid, but It has an advantage over the latter in 
that it does not form sensitive metallic salts. 
It k, however, slowly hydrolysed in the presence 
of water to picric acid, and more rapidly in the 
preaenoo of alkali. 

!rria*lforre«of is manufactured from meta- 
mresol similariy to picric acid, and has very 


I yield their nitrogen 
the true nitro derivatives do 


as nitric oxtdo ; 
not do so. 

The nitric esters, generally speaking, are 
more powerful cxplosivee than the nitro 
derivatives, but are less stable, more especially 
in the preeenoc of foreign substimcea, .such as 
residual traces of the nitration acids. 

* Alcohol Nitrates. 

The ^ NitrofflyeoU have been repeatedly 


sUnilar chemical and physical properties. It 1 suggested as explosives, usually for aamixture 

-A —4 irt«»o 14 i- —1 /-nitroglyt'erin. Matthews, Staange, and 

Bliss (Eng. rat. 12770, 1912) sugge^red 
nitration of glycols having the hydroxyl groups 
at tached adjacent ^carbon atoms, or 
corresponding oxides, and the prepararion of 
explosives by admixture of the pmuct with 
equal weights of nitroglycerin or nitrocellulose, 
and Hough (U.a Pat. 1206223, 1916) claims, 
os a method of preparation of glyccd dmitrate, 
the nitaation of 1 psat of glyom witji 7 parts 
of add mixture containing not less than 93 
p. 0 ., nor more than 90 p,c., of total adds. 


melts at about 107®. it’ is aoimo and forms 
exiffosive salts. It has explosive properties 
similar to picric add, and has been used; w*ben 
oast, as a h^h stplosive for sfaeHs and torj^oes, 
alone amd mixed with picric acid. It contcans 
less oxygen than picric add, is less powerful, 
and less ro^duy cktonated. It requires priming, 
and guncotton is gener^v usedfor this purpose. 
In Prance it is kn^n as ^ Cres^e..' In Austria 
tlia aanm * ' Iwa been nom time to 

impUed to esploaives of different mo&poe- 

wm lar mhwjlng/thqjte, but aj^arently 



smomm 


83 


_ «l»im Mng nuide for a mixtan oo&> 
Wmhg S3 p.€. HNO^ 39 p.Q. and 6 p.o. 

Uftbeit (U^ 1216367. &o.. 1917) 

K»dti<Mt expioti^ by duMolving a carbohydrate 
a aOlreiit-medium containing a 1*2 glycol, 
i nitrating the solution. Similar ezploeivee 
I made with a mixture of Lj2 glycols with 
lylene-, propylcme-, and butyiene-glycols and 
^ oarbohyflratc. For example, 
pmis of cane-sugar are duanlvod in about 
parte of a mixture of etbvlenc- an<i propylene- 
Imlfl, solution is effected by heating to 80°- 
K)^, the mixture cooled, and added slowly to 
M> parte of a nitrating mixture containing 
juaf parte of 96 p.c. nitric acid and ‘ oleum" 
>ntaiiung 6-10 p.c. SO,, cooled to about 6°. 
iter mixing, with constant agitation, the 
smperature is allowed to rise to about 16*’, 
the nitration completed in about 20 minutes. 
iMter cooling, the nitrated product is, separated 
|nd purified by washing with dilute sodium 
iterbonate solution, and then with water. The 
product forms a palo-yollow oU» and is claimed 
|k> bo relatively non-volatile and of low freezing- 
jpoint. 

Stettbacher (Zeitsch. 0(«. Schei>w- u. Spreng- 
^ffw. 1916, 11, See.) dtwerilxiH the prepara¬ 
tion and properties c)f the tetranitrate of {>enta- 
prythritol C(CH,OH) 4 . tetraliydric alcohol 

ti prcjpared roailily and cheaply by a method 
iesciibod by Tollens, aB<l its tetranitrate is 
said to Isi particularly stable, and to combine 
the explosive properties of nitromanniiol and 
lutixttlycerin, whilst being free from theij|k| 
disadvantages. It is very jiowerful, and is 
claimed to possess in a high degree the power 
of initiating detonation in other explosive, 
though more sensitive than tetryl, and is 
Slighted as suitable for use in primers, per¬ 
cussion cape, and detonators. 

Nitroglycerins. 

Mono-, di-, and tri-nitric esters of glyeorin are 
possible. Llecke, in 1866, stated that he ob 


greater part of the dinltro^yoerin ssparatea aa 
an oit, toe remainder being exteaotod by ether. 

Wills method of preparation a to slowly 
run 100 parte of glycerol, with constant ag^ta* 
tion, into 300 parte of ice-cold mixed Aitrio and 
sulphuric acids, 3 parte H,SO« to 1 part 
HN(>„ and 0 parte of water to 100 parte mixed 
acids. The mixture is tiien potinKl into 10 
parte of water, and the dinitroglyoerin ^owed 
to separate. The acid solution is ihra ncutra- 
lise<l, extracted with ether, the other distilled 
off, the separateii dinitruglycerin washed with a 
little water, and dried over sulphuric acid. 

Dinitniglycerin con also bo obtained by 
dissolving trinitniglycorin in strong sulphiirm 
a<'id, diluting the solution with water and 
extracting with ether. 

Dinitroglycerin is a colourless or light-yellow 
oil, which 8olidih(« l>elow —13% and distils 
without appreciable decomposition at 140°; 
sp gr. 1*47. It oombincA with water of crystal¬ 
lisation, and is hygroscopic. It is poisonous like 
trinitrnglycerin. ‘ it is soluble to the extent of 
about 8 p.o. in water, and in all proportions in 
dilute nitric and sulphuric acids. It is also 
solublo in ether, alconol, chlorofonn, acetone, 
carbon tetrachloride, and petroleum spirit. . 
In strong sulphuric acid, like the trinitrate, it is 
denilrated, giving first mononitroglycerin, and 
eventually glycerol. When dry it dissolves and 
gelatiiuscH nitrocellulose. 

Will succeeded in separating dinitrc^lyoerin 
into two isomeridofi by taking ^vantage of the 
proiicrty of one of them to form a ciyntitiline 
hytlrute. Both isomorides, whon dry, have 
explosive properties resembling those of trinitro- 
glycerin, out liecome non-explosive in moist 
air through alMorption of water. 

Mononitroglf/cerin was obtained by Will, 
a pre^ess of crystallisation, from the ou extracted 
with ether from the neutralised and cemoen* 
trateil acjueous mother liquor obtained in the 
prejiaration of dinitroglyoerin. He obtained 
; two isomt^rides, both crystalline solids, melting 


tained moim- and di-nitroglycerin by nitrating : at 64'^ and 68° respectively, and freely soluble in 
glycerol at 0° in a mixture of 1 volume of nitric i water. 

acidk sp.gr. 1*4. and 2 volumes of strong sul- j Nitrodigl^erin. When glycerol is heated few 
phuric acid; and later said tliftt%hen nitric acid j 7-8 hours at 290°-296°, it is largely converted 
of 1*3 Bp.gr. is used the mononitrate is obtained, I into diglycerin, with a little triglyoenn and 
whilst the dInitrate and teinitrate arc respectively ! higher polyglycerins. The diglyoerin can be 


obtained by using an acid of I *4 or I *6 sp.gr. 

Henriot claimed to ]wepare the mono- 
oomjwund by nitrating glycerol with a dilute 
nitnc acid containing 3 parts of water to 1 of 
strong acid; and Wohl (Get. Pat. 68967, 1890) 
suggested the use of the mono- and di- compounds 
for roducii^ the frewing-point of nitroglycerioi 
Mikolajezak did oonsiderabte work m 1904 
en mono-and di-nitroglycerin (2Seit8ch. Grackauf, , 

1004, 629); and Will made a full invaitigation | trinitric »tcr of glycerol. 'It wm disoovered in 
of their preparation, properties, and uses in ! 1847 by Sobrero. J n a letter to Pelonxe (Gon^ 
W8 (Bet. 41, 1107), from which work the j rend, 247), he states that when glyoerm te 
foBow^ short desonj^ion is taken. * j poured, with stirring, into a mixture ol 2 wob. 

Wa*<fogl^«mn. Wilk prepared iinitrogly- 1 of sulphuric acid of 66° Baum^ and 1 voL of 
oerin by the following modincation of M&o- ; nitrft acid of 43°, cooled by a freetiiig nrixtitre, 

..7^_Ai_ lyv_I, I At-- -1 JJ-1-Al-...lAL- aT -n«.«_ 


^ separated by fractionation, and on nitration 
gives a product almost identical in properties 
with nitroglycerin. If a mixture oi glycerol 
and a little dtelycerin is nitrated, the resultiiw 
product, which contains di- and tetra-niteod^ 
glycerin, has all the properties of nitroglycerin, 
but remains fluid at —16® to —(WiH, 
Zeitech. angew!4!]!hem. 1906, 889). 

Nifrogl^eerin. Ordinary niti^lycerin is the 


Uo^’s method of preparation. 10 parte 
0* glyoraol are slowly stiz^ into 3S paite of 
tiMc add, tp.gr. 1*6, kept at a temperature 
of below 0®, aiM the mixture allowed to stand 
seyeiak boon at 10®. The mixture ii thim 
poured into 10 parte <d water uid neutralised 
with powd»ed marine. On standing, the 
Yoi^ m—r. 41 


the glycerol dissoives therein without peresptible 
reaction, and that on pouring tiie mbtare iat 0 
water an oily substance, heavier tium water, it 
prec^teted. 

i|8obi«R> described some of the uiopair tfaa (d 
idtr^Qraftin, but did ai^yae it, 

praetloal apppcalbn of la^^MtaiioeoftSilr 
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propertied of nitn^iycenn was made un^ 1863, 
wiiOT it# preparation on’ a laive scale was com- 
iflMiced by Nobel, who startecftwo nitri^lycerin 
factorifid near Stockhoim and near LauenbuK. 
It wa« first called ‘ nyrc^lyoerin,’ afterward 
* ffloDoino oil/ and Htill later ‘ Nobel's blasting 
ofl.’ Between I8«3 ami 1866 inorcaaingly 
large quantities of nitroglycerin wert^ made and 
exported ; but Herious accidento occurred about 
the year' 1866 in <iiflfcrent parte <if tho world 
whitner the nitroglycerin had liecn exported* 
and were followed by legisiation on tlio part of 
several governments, prohibitive of it« use. 
This reHtrictiv<5 legislation was met by Nobel 
by the introduction of dynamite in 1866-67, tl>e 
carriage and use of this preparation of nitro¬ 
glycerin lieing <-oi»naratively safe. Mf)whray, 
bmore this time, had manufactured large quan 
titiea of nitroglycerin in MassachiwottH, and it 
hod bwm tranHporU'ii for use m the njincri m the 
frozen state. 

Manuftu'.(urp .—The following ih a shosl, 
aocoiint of the manufacturing proecwNcs in 
general use for the manufacture of nitroglyi erin, 
with special refereii(;e to houi<‘ improvements 
adopted at the Koyal (Junpowder Fiwtory. 
Waftham Abbey {nee Nathan and RinUiul. J. 
8oc. ('hem. Ind. I!i68, 1JKI3). 'J’he chonucal 
basis of the proewises is liMsentially that -of 
Sobroro’s metiuHl of preparation, but the 
modem manufactuiing plant is of entirely 
different type' from that In use in tho eaih<-r 
factories, and ilu' output has enormously in¬ 
creased. 

Prime »na/eri«iU.---TI»e glycvrtA used in the 
manufaotim' of nitroglycerin is the jmrest 
distilled glywrol obtainable, and practically 
anhydrous. The nrosenoe of impurities m the 
fflycerol leads to tlie formation, on nitration, of 
cmes, which render the product unstable 
Mid liable to spontaneous decomposition. Its 
0 p.gr. must not be less than 1 -26, and it must 
bo free from acid, lime, chlorides, and arsenic. 
It should also Ito frtH' from fatty acids ; in the 
process of distUlathm of the glycerci, fatty 
acids of the same boiliim-point are apt to come 
over, and when nitrated are difficult to remove 
from the nitroglycerin. The total residue, 
after careful evaporation of tho glycerol, 
should be leew than 0*26 p.o., of which not more 
than 0*10 p.c, should be imuganic. Even theeo 
teste are iiutuffieient to aaoertain the suitability 
of a glycerol for nitration, and the final verdict 
d^ienos on a practical nitration test on the 
IIXmI scale; lO'grams of the glycerol are poured 
ywr slowly Into a mixture of 27^ parte of nitric 
aoia of 1’60 sp.gr., and 72^ pai^s of sulphuric 
acid of 1*84 8p.gr. kept quite ^'old during the 
addition. The nitroglyoerin, after separation, 
and also the waste ao(ra, are allowed to stand 
some time in long burettes and separated 
nitroglyoerin ulthMtdv collect^ and in#«siued. 
The ylmd should be at least 200 p.c. by weight of 

gly«»rcff» and. farther, no opulent nmtter 
aboua separate out durinff the nitration. ^ 

At the present time, tM vMious supplke of 
riyoerol Waltham Abbey are oar^uUy 
fimfed to ansure unilmmity of manufa^ure, 
toa blendutt being perfonned in large iron lan^ 
I^Ming 10<«oM ™ glyceiol is render^ ffiid 
4rf keafing wlto ogm, run into im*^^vator, 
^ strong w e^^shiq::^ Teasel, and 


(hence forced by compressed air into a tank in 
the charge house, which is placed a^ve tho 
nitratii^ house. The charge of gly^rol was 
formerly weighed, but it is now uauf^y measured 
in the tank by means of a gauge glass. The 
glycerol must not be too heated or, because of its 
reduced apecific,gravity> the weiglit of the charoe 
deduced from the volume in the tank will be 
incorrect; yet, on tho other band, it must be 
fioid enough to easily run into the nitrating 
apparatus. 

Acifle .—To pr<)curo a good vield of pure 
nitrf)g}y(;oriTJ, the nitric acid should bo practically 
anhydrous. If the nitric acid b(> too weak, lowei- 
nitrat-f'H are formed, which dissolve in the acid 
mixtun*. To increase the strength of the nitric 
iwiid, and to keep this strength up by removing 
the water liberated in trhe nitrat ion, it is necessary 
to mix the nitric acid with strong sulphuric acia. 
Nitroglycerin is soluble in eithci' acid, but not in 
a mixtun' of tho two. The strengths of the two 
acids and their relative proportions have varie<l 
from time to time, fn all early largo*scalc 
manufacture, the mixed acid was similar in 
strongtli and projmrtions to that used by 
Sobrero, but tho mixture is now usually made 
from acids of the following description. 

Tho arif/, prepared by the ordinary 

methods from sodium nitrate amf sulphuric acid, 
or recovered from waste acids by denitrating, 
must be at least of I'Asp.gr. at 16T>°, and must 
not contain more than a small quantity of 
nitrous acid ; usually not more than 1-6 p.c, is 
allowed, but sometimes tho limit is {» low as 
0-6 p.c. The nitric acid shouhl be also free from 
suljmaies and chlorine. 

Mtiwbray introdboed the method of freeing 
the nitric acid from nitrous acid by heating it 
and passing a current of air through it. At 
Waltham i^boy, the nitric acid is made by the 
Valontiner proems, which gives a jiroduct very 
free from nitrous acid (v. Nitric acid). 

The sulphuric acid miut be the purest and 
most highly concentrat>ed obtainable. It must 
have a sp.gr. of at least 1*842 at 16*6^, and must 
contain not less than p.c. by weight of the 
monohydrate. ^It should be as free from iron 
and atsenie as j^tbssible, as these substances cause 
reduction of tho nitroglycerin. 

Mixed oewis.—-These acids are mixed in the 
proportion of 3 parte of nitric acid to 6 parte of 
sulphuric acid, an^l glycerol is usually used in 
the proporrion of 1-8 parte of the acid mixture, 
but in some faotories the proportion of acid 
mixture u as low as 7 or 7^ pMXs. In this acid 
mixture there is present uewy 6 p.c. of water 
over that giving acid monohydrate, and *within 
tho lagf‘ few years it has become a common 
praotioe to add Nordhausen suiphttric acid in 
such quantity as to comirine with nearly all 
this excess of water, an increased ohai^ and 
yic^ and lees waste acid resulting. 

Nathan and others have patented (Eng. Pat. 
6581, 1966) the niteffeton of glyoerd with a 
mixtore of Nordhausen sulphurio add and nitric 
aci^ with the object of obtaining a largo* yield; 
but Guttmann {Ginam. Zeit. 1906, 939) holds 
that, beyond a certain point, inorease in the 
ooncentrathm of dth^ add does not iiB|iiove 
the yield of nitro^veerin, and, ^ '* ’ * 

deletoricnie to the q wto the pit 

The NordhauBMi add is atorea inimi 
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Midk iii» the other is first truisferred to e 
tteel eteirator or *egg/ as it is termed* and 
thanoe^orDed by oompreased air into the mixing 
teak. The larm oylmdrical steel xnixi^ tanks 
hold .^boiit fiO tana of mixed acid. Kitno add 
IS run into the tank through a pipe extending to 
the bottom of the tank, and then the su^hurio 
add added through a pi^ in the cover, and the 
tiro mixed compressed dr* the fumes evolved 
pass through a fume pipe into condensing 
towers. Two tanks are used at Waltham Abbey, 
so that the mixed add can be allowed to stand 
some days before use, in order to allow lead 
sulphate and other impurities to settle out, and 
also so that it may be analysed, and any ueces- 
saiy adjustment of composition made. The 
mixed acid is run from the tanks as rwjuired 
Into an elevator, and hrreed into a eyiindried 
steel vessel in the (charge liotise to a fixed l(?vel 
determining the charge. 

Nitration .—Mowbray earned oiit the nitra¬ 
tion of glycerol in earthenware pots, using a 
large nurooer of them and smdl charges. Eacli 
pot contained about 17 lbs. of mixed acids, into 
which 2 lbs. of glycerol was allowed to drop by 
means of a siphon; the oj)eratioa of nitration 
taking place simultaneously in all the vessels. 
He introduced an important improvement on 
the old mechanical stirrers, by using conmrossed 
mr for mixing the glycerol and acids. In later 
factories large load vessels with conical covers 
were used for the nitration, and agitation was 
effected by the combined use of compressed air 
and a stimng paddle or helix; the water working 
the latter being also used for cooling the mixture 
by passing through leatL coils. The glycerol 
was allowed to fall on a toe fixed to the shaft 
of the paddles above the level of the acids, from 
which it was thrown in fine drops on to the 
surface of the acids. A process of nitration 
evolving new principles was introduced at 
Vonges in 1872 oy Boutmy and Faucher, and 
subsequent worked on a large scale at Pembrey 
in South W^es. They separately mixed the 
glycerol with part of the sulphuric acid, forming 
sulphc^lyceric acid, and the nitric acid with the 
remainder of the sulphuric ag^i^L Each of these 
operations involves the liber^ion of heat, so 
that, when these cooled mixtures were themselves 
mixed, less heat was developed in the actual 
process of nitration. However, the nitration 
proc/oss takes some 24 hours'for completion, and 
the danger of leaving the nitroglycerin for so 
long a time in cont^ with the mixed acids 
more than counterbalances any advantage 
derived from the smaller development of heat. 
Serioiu explosions took place in various factories 
luiim this process, and it is no longer nied. 

Hi most modem factories the nitrating 
apparatus (there are usually two in the building) 
is a la^ lead cylindrical tank with a convex 
X inclined bottom, standing in a wooden svat. 
uunde the former art lead coohyg worms, 
through wbiob cold water circulates, as iroll as 
between ibe tank and its wooden case. This 
*^ter Is, in many factories, aHifioially cooled by 
\ reHSgemtiiig |^t to or less. The agita- 
dmi is ndw. nsoally perfraxned in iim ootu^ 
eo mm ss e d air <my, at a presauze of ab^ 
M) Ite. M aqnaxe imdi, ndikih k forced 
dpea «» led doirn to and round &: 

Nittom of tim taadu f%takk ia doaed with n ^ 


dome-ehaped cover of lead, midded n 
number of glam inspeotem inndova, tbrougb 
which the various ^pes lor air, water, and 
glycerol pass. A glam tube to allow the colonr 
of the fumes to be seen, which is connected with 
a pipe to carry away the fumes, and thermo* 
meter, also pam through the cover. The 
I acids arc run in, from the tank in the charge- 
^ house above, and cooled to a temperature of 
: about 16*. The glycerol is then introduo^ in a 
/ spray at the bottom of the tank, compressed air 
I and a simple injection apparattis being used to 
! produce the spray, the contents bein^ept in a 
; constant state of agitation and weU cooled. 

' The rate of flow of the glycerol is regulated so us 
j to keep the temperature of the obaige below 
: 22*--26*. If rod fumes are noticed at any time 
in the fume pipe, the inflow of glycerol is cut 
off, and additional air blown through till the 
; fumes cease. If the evolution of red fumes 
, cannot bti stopped, or if the temperature should 
^ rise alwvo 30°, and not fall with the full air 
, trurrent on, serious local decomposition is 
indicated and the charge is at once £owned. 

Two pipes, provided with earthenware cocks, 
leave the nitrating tank at its lowest point, 
of which can bo opened, in case of (unger, e nd 
the contents of the tank quickly discharged into 
the drowning tank—a la^e wooden tank filled 
with cold water situated immediately below the 
nitrating tank, the contents of which can bo 
agitated by means of compressed air. 

The whole process of nitration, including 
; the subsequent cooling down, takes al^ut one 
' hour. 

I In the nitration of glycerol some sulpho? 

1 glyceric acid is formed, the amount increasing 
with the quantity of sulphuric acid in the 
mixed acids. When the waste acids are aUo|^ 
to Itand, the nitric acid partly decomposes this 
sulphoglyceric acid, and nitroglycerin separatca 
out. 

^ Separation. —In early factories the separation 

I of the nitroglycerin was effected by slowly 
' runnidl; the nitrated charge into a laige bulk of 
: water containing in leadened vats, kept in 
' state of agitation. The bottom of the taii war 
inclined and led to a tap through which the nitro¬ 
glycerin was drawn, after separation had taken 
place. This method of indirect separatioii 
mvolved the loss of all the waste acids, and k 
now replaced by the following method oi direct 
separation. 

When the nitrated charge kss cooled down, 
one of the taps at the bottom of the nitrator 
is connected with a load bend, tbe tab 
opened, and t^o whole of the contents run on 
into the separating tankplaced jut below the 
level of the nitrator. Hie sroarating is 
made of stout sheet lead, and bM a pyrnoMdal 
bottom leading by means of a glass 
cyliftddt to a branched hcohumtal teS 
with earthenware stop<cooks. has a 

cover with glass windows and litted with .# 
fume pipe. Air pipes ai« fed inte the sOfNiliter 
through the cover, one round the bptiMin ijm 
tank, the other gndiiu in the Im^seCjhm 
cylhsdor. On one tide of tihe pN^pMter fe « 
impeotion wii^, and on gup^ Sidp 

m edHhsnware cock skwted <- 

below the Bttrfeoe^of*^*]^tiriir 
sepsni^ hss tiM pliloe, Tbi i 
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itp.gr. 1 *6, gradually sepacateR and floats on the 
mix^ aoi», sfl.gr. atwut I TSfl. Two^ ther. 
mometers paw tnrough the lid, one ending in the 
nitroglycjt'rin, the other in the acids. The 
temperature is not allowed to rise al>ove 17®; if 
it shows a tetuh^ncy to rise, the air current is 
turned on. If the Uunperature cannot be 
reduced, and dkI fiini<‘s are given off, the charge i 
U led through a thir<] cock at the bottom of the I 
separatK>r into the drowning tank. After the ; 
separation is coMiplel.e» nsualiy in about 4(1-4%' 
minute, the bulk of the nitroglycerin is run j 
through tlie side tap int.o the * preliminary 
washing tank.' I 

The waste acids are tlion run away through 
the bottom pi[m to t)ie ‘ after Hcpnrat>ing,houHc.' ‘ 
When the nitroglycerin level is seen tlirough the 
inspection cylinder, it. is led through the second , 
branch rif the j)ipe into the jire-washing tank. | 

Any fatty acid iinpuritios in the gly<'crol ! 
separate out as a vi'sicular sciiin, also containing | 
silica, iron, and hwl compounds, between the- 
nitroglycerin and acid layers. (Vrlain ch<‘inical ; 
and mechanical impurities also form a scum on , 
the surface <»f the nitroglycerin. Any thick ' 
sludge collecting in the separat'or is led off ; 
thnmgh a fourt.h cock into tln^ wash-water ! 
settling house. 

Several suggi'stions have Ikhui patented to ; 
accelerate the separation. M()lh*r, for tlic 
Dynamit Aclien (lesellscliaft nf Huinhurg (Kng. ' 
Pat. 13502, 1004), <daims for tlie addition of a 
small quantity. 0*52 part per 100 glycerol, of 
fatty hydrocarbon or acid, or, preferably, high 
boiUng paraftins, to the acids before nitration. 
Reese (Eng. I*at. 20310. 1005) attrihutes the 
slow separation to the presence of small quanti¬ 
ties of colloidal silica and adds sodium fluoride to 
the nitrating a<’ids, 0*002 part per 100 glycerol; 
on the other hand, the Wostfalisch-Anhaltliiolie 
SprengstofT A. 0. {(3er. Pat. 240573, 1011) add 
a silicate, such as kaolin or steatite, to a.sHist 
separation, and the Rheinische Dynamitfabrik ; 
Gor. Pat. 283330.1912) use both silica, kieselguhr, : 
and hydrofluoric acid, or sodium atlicofluoride, ^ 
SI) as to produce silicon tetrafluoride. * Haddan 
(Eng. Pat. 18607, 1007) claims that the nitro- 
glyocrin is rapidly separated from the nitrating 
acids by passing an electric curitmt through the 
mixture iietween platinum elei’tnxles, the gas 
bubbles fonned during the electrolysis carrying 
th© siapended nitroglycerin to the surface. 

Nitration - separation. — In 1001 Nathan, 
Thomson, and Rintoul (Kng. Pat. 15083) 
patented an improved apparatus for the manu- 
raoture of nitrc^lyoerin, which has been since 
used at the Roy^ Gunpowder ^Factory. The 
two operations of nitration and separation are 
carrioa out in one appamti», and all earthenware 
cooks, which were a constant source of danger, 
are done away with, the separated nitroglycerin 
beii^ displao^ from the top of the apparatus 
by introducing waste acid b^ow its level. 

The nltrator-separator (J. Soe. Ohem. Ind. 
1902, 927) SB a cylindrical leatl vessel, wim a 
bottom sloping in one^ direction, with the usual 
cooling coils and adr ^pes led in through the 
side just below the surface of 'the vnd roinj^ure. 
The cover, which eonioal, and burnt on .to the 
bo^, termites in a smi^ cyli&dm',^previdld 
with an insperUon •window, opening at the top 
.^^Kto a fame pipe and idso l^raliy into a gutter 


leading to the pre-wash tank. A thermometer 
passes through the cover. At the bottom of 
the tank is a pip© with three branomw-—one 
branch leads downwards to the drowning 
tank, another leads upwards and has two 
branches leading to the mixed acid and waste 
acid tanks respectively, the third leads to the 
donltrating plant. 

The process is carried out as follows : After 
the nitrating acid is run in, and brought to the 
projicr ltunp(;ratiirc, the glycerol injcct-or is 
introduced and the nitration effected as usual 
In Continental prai'ticc an injector is never 
used, tlie glycerol l)eing introduced tlirough a 
hunch of It) or IH small tubes. 'Phe nitric ivcid 
funuw arc condensed in a (iuttinann's condensing 
t(»w(»r, about 18 llw. of nitric acid, of sp.gr. 
1-320, being recovered per ton of nitroglycerin. 
After the nitration is completed, the mixture is 
allowed to 4<tand ftir a few ininuk's, and then 
wfisU* acid V* gradually run in to diHplace the 
nitroglycerin as it separates. When the separa¬ 
tion IN complete; a clear line of demarcation 
Iwitween the nitroglycerin and tlie waste acid 
IS seen in the iaspection cylinder.- 

The apparatus is left full until required for 
another nitration. Jn this way the bfe of the 
apparatus is largely increased, as no part of the 
ink'rior is left exposed to acid funu«. Removing 
the nitroglycerin from contact with the acid as 
it Keparate.s, and the cooling during separation, 
incn^ase tin* safety of tlie manufacture. 

Prdimtnnry yxishing. —The nitroglycerin 
coming from tlie separator is run into circular 
load-lined tubs lilled w-ith w’ater. The bottom 
of the tank is inclined towards a coek, and there 
, IS another cock in the side of the tank above the 
level of tlie 8oparal<‘d nitroglycerin, for drawing 
off the wasliing waters to the ‘ wash-water 
settling house.’ Compressed air is blown into 
the tank whilst the nitroglycerin is running in in 
a thin stream. A thermometer is supported in 
the tank and the temperature is kept below 18°. 
After washing for a few minutes, the nitroglycerin 
is allowed to separate, and the wash water is 
run off. More water is run in and the process 
repeaUKl, any fu’^her nitroglycerin from th© 

, separator being added. The washing proceas is 
' performed four times, dilute sodium carbonate 
j solution being added in tlie last washing, and 
I th© temperature raised to 15°. When the 
' pixiliminary washing is completed, the nitro- 
I glycerin is run down a lead-Uned gutter to th© 
‘ wash house.’ 

The pre-wash tank now in use at Waltham 
Abbey has a fixed cover with a fume pipe, and 
has no cocks. The wash water is run off by 
gradual)^ depressing a rubber funnd, connected 
with the outlet, into the water, and the com- 
preyed air pipe is burnt to the underside of the 
tank, the ur holes being pierced through the 
botV>ni- This does away with any pMsiUlitv 
I of friction, and the bottom of the is fen 
smooth ami is readilV cleaned. The washed 
nitroglycerin is led on through a rubber tube 
leading on to a gutter, which carries it to the 
wash house. Compres^ air is blown through 
this rubber tube into the tank during ^ 
waah^, to keep it free from unwashed nitro* 
glycerin. • 

vntSiing .—^The final purification of tiie 
nitroglyoerin to remove tiie iWrt tiwees of add 
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«tid otiwr impurities » effected in a lead'Uned 
taok^ over waicb the gutter from the pre-WMh 
tank ^jeote. The tank has an inclinea bottom 
leading to the nitroglycerin draw-off cook, and 
is fitted with comproeeed air pipes for agitating 
the oontcnta. The wasli waters, m they separate, 
are run off throuffh a pipe near the lM>ttom. 
connected inside the taiiK ny a length of india- 
rubber tubing with the ' skimmer," and india- 
rubber-covert metakl funnel that can bo 
gradually depressed below the surface of the 
Uquid. Oold water from the main, or warn) 
water from an adjacent tank, can run into 
the tank through indiarubber The 

washing timk is fixed above a large drowning 
tank filled with water. 

The nitroglycerin is first wasJjed with dilute 
soda solution, about 2^ p.c. strength at a tem¬ 
perature of about 30®, hot or cold water b(*ing 
run in as necessary. Second, and sometimes 
third, washings are performed with weaker 
soda solution, and then lastly two washings with 
water only, still at tlie same temperatun'. The 
final washing leaves not more than 0-01 p.c. of 
alkali in the uitroglycenn. 

The wash tank now used at Waltham Abbey 
is made of heavy h*ad without casing. Tlie air 
pipe is solderi'd iM'ncatli the lank, there art* nt* 
coeks, the skimmer is made entiifly of rublier, 
and the nitroglycerin is run off through an 
tndiarubbt*r tul>e lis from tiu* prt'-wash tank. 
The washing water is softened and tiJtered, and, 
like the soda solution, is siort*<l in tanks in t)u' 
charge house. 

FUtralion. —After tho washing is coinjilett!, 
the nitroglyct'rin is usually filtered to r«?move 
moisture and suspended floeeiilent impuritUw, 
the operation being carried out in the washing 
house. Q'he usual method is to filter through a 
flannel bag filled with salt, placed over a cylinder 
with a wire gauro bottom, into a lead-lined 
tank, with an inclined bottom. 8omctiin('K two 
filters, one above tho other, are used. The pure 
nitroglycerin ui drawn off as required through a 
cock. 

The present method at Waltham Abbey is to 
use a lead tank with a jierforated false bottom, 
on which is Placed a layer o? Ay sponges sewn 
up m flannel, and tho cock is dispensed with, 
the rubber tube previously described lieing used. 
A sponge filter was used in the Boutmy-Fauchcr 
process. , 

In some factories filtering is not resorted to, 
but tho water is removed by allowing the woshed 
nitroglycerin to stand for some days in a warm 
room, when all the water rises to the surface of 
the nitroglycerin. 

TeM.ing .—^Tho finished nitroglycerines tested 
for moisture, alkalinity, and nitrogen content, 
and has to pass a specified time limit in the Abel 
heat tost. {For a description of this test, see 
under stability tests, p. 92.) ^ 

Treating the wash waters .—AU the wash 
waters, from washing • the nitrog^cerin or 
app^tus, which contam considcrabm quantities 
of nitroglycmin, are run down lead gutters into 
a laige wooden tank in the wash-water settling 
hoium. The oontents are kept in citation 
during the day, Mid allowed to settle overnight. 
The sopaAted nitroglycerin is run off in the 
morning, in the old form of tanks throv^ a 
cook, in the new through an indiarubber tube, 


into indiarubber buolfoto and returned to the 
preliminary washing lank. The wash water la 
drawn off from aimve tho levtJ of the nitio- 
glyoeriu and run Into a * labyrinth * or nitro* 
glycerin trap, a long oblong lead tank divided 
into a series of oomp^mento by partitions, with 
rows of holes, alternately at the top or bottom, 
for the water to pass through. Each partition 
has also one hole at tho bottom, through which 
the deposited nitrc^lycorin runs and coUoote at 
tho lowest point of the bottom, and is drawn off 
and treated Uko that from the wash-water 
settling tank. The water from tho labyrinth 
is run intii ponds, and any nitroclyoorin collect¬ 
ing tlioro is CKX^asionally desiroyeu by detonation. 

At ^Valtham Abbey, labynnths sure now also 
placed in the nitrating and wash houses, through 
which the wash water passes before going to tno 
wash-water settling tank. By this means the 
nitroglycerin reacliing the latter is materially 
reduced. 

• Secondary or after-separation from the waste 
acids —Tho waste acids from tho separator 
contain a small quantity of nitroglycenn, and 
a further quantity is formed on standu^, as 
already c.xplained, from the sulphoglyceric eu^id. 
'I'he waste acids are run into large cylindrical 
lead vessels, surrounded by a water jacket and 
fitte<l with cooling worms and compressed air 
npes. The top of the tank is closed by a conical 
id with a glass cylinder at the apex ; tho acids 
Is'ing lilied in to alxnit half-way up this tube. 
The cover has also a fume pipe and two ther- 
m<»meter8, one in tho nitroglycerin, the other 
reai^hing to the acid, As tho nitroglycerin 
soparatitf), it is removed and poured into a small 
lead tank containing water, which acts os a pre¬ 
wash tank. 

The cooling jacket, worms, and air current 
an* anly used if the temperature rises consider¬ 
ably rluring the separation. When no more 
nitroglycerin separates on standing (sometimes 
a week is necessary), the acids are run off and 
treated by some denitration process, and after 
concentration arc again used in the manufacture. 

The process of separation is no longer carried 
out at Waltham Abbey, but the waste acids are 
tn^ated by a process patented by Nathan, 
Thomson, and Kintoul (Kng. Pat. ^20, 1903). 
The patentees take advantage of the facts that 
the edition of a small uuantity of water to 
the waste acids not only araorbs the suspended 
finely-divided nitroglycerin, but also prevents 
the formation of more nitroglycerin on standing. 
Tho waste acids, after standing and cooling m 
tlio nitrator-separator and removing any ad¬ 
ditional nitrodycorin that sepamtes (this sraa- 
ration is much*roore complete than ordinMify}, 
the quantity of acid necessary for displacii^ we 
next chaige is run off into an acid elevator and 
forced up into the displacing tank. The re- 
maiadv of the waste acids is then violently 
^itated, but not cooled, and 2 p.c. cd water m 
gradually added; the acid is then ran off and 
lorc^ into the tank in the denitrating house. 
On the Continent water,is not added to the 
waste acids, but the after-separatoi# are still 
retained, as they J^ield 0'iM)‘9 p.c. nitn^lyoerifl, 
caicinat^ on ^ glycerm useol 
«Inlt^ of the usual denitzatingf Kdbel 
Fat. 1905) proposet to sgenerate the 

waste adds by tbettdmtion of nesh acids,anii 
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oiMau in thin way to increaHO the yioid of 
nitrc^iyctihn, and HtaU’N that the prucoea of 
nitration i« rendered Icsa clangorous. 

Yield. —Fn>fn tho o(|uuti(>n reproaenting the 
formation of nitroglycerin: 

C.H,(0H)3 f3HN03=(;8H,(N0,)a+3H,0 
a theoretical yield of 247 parte of nitroglyc! 6 rin 
should bo obtained nor 1 (K> {tarts of glycerol. 
Up till recently a yielcl of 215 p.e, was considered 
very good, but now yields of 229 p.c. and over< 
are usually obtained. 

A Ciharge of 1320 lbs. of glycerol has bc^en 
used at Waltham fur some years, (luitmann 
Mtatos, that it is customary in wcll-conduc’tc'd 
faotorios to nitrate 110 kgs. of gly<'cro[, in a 


of a specimen for 10 years, McRoberto on® for 9 
years, without any ^pearance of decomposititm. 
But the presence of moisture, or of a oi 
free acid, is able to start the decomposition of 
nitrog^cerin; sunlight also oausoa it to decom* 
pose (Borthelot). 

A mixiurti of ozone and oxygen, according to 
Beckorhinn, oxidises nitroglycerin at ordinary 
tcmiKsratures, with the formation of glyc^eric and 
iiitnu acids. When nitroglycerin does decom¬ 
pose at ordinary temperatures, the decomposition 
proceeds quietly, too liquid tunis green, and 
NOa and ('Oj are evolved. After some time, the 
whole mass gcdatiniscs, and contains much oxalic 
acid and ammonium salts. Kitroglycenn sohdi- 
lics into long white. |)rismatic needles, the teni> 


mixture of 3(H> kgs, of nitnc acid of’ about, j poraturc at which it solidiliw varying with 
98-W p.c. monohydrai(« and 500 kgs. of j clilTerent sainjilos between -f 8 ''and • 11“; the 
sulphuric of 9fi p.c. monoiiydrate. 'Phis eorro- i fro/.«Mi nitroglycerin melts again at about 11“. 
spouds to alsmt 2r>ri {larts of nitric acid i The time of. exposure for solidifying or melting 
mono|iydrute. and 430*4 parts of sulphuric a<‘ul ■ must he prolonged. Nauekhofl found that puie 
nionohydrate, or a total of 091-4 {larts of i nitroglycerii/could be eooleii to as low a tem- 
acid monoliydrate with 35-K parts of wati-r, ! perature as -40-to 50“ without solidifying, 
4*9 p.e. to catih lOtl {larts of glycerol. !!<• also ' though he states its true frrs-zing-point to be 
statra that the largcwt ajiparatus mafJo in lead ' 12-3“. Wh<‘n coolc<l by a mixture of solid 
nitrates OHO kgs. of glycwrol at one of«*ralion, i carbon dioxich* aiul etiier. it s<ihdifieK to a glassy 
whilst m America and South Africa steel appa-I mass. Kast {Zeits< h. f. d. thw. Selieiss u. 
ratus with mechanical stirring gear mostly ! SpreiigstofTwi-seti. I'.MHh 225) lias sJiown that 
used, some nitrating HKM) kgs, at a time. Far- j iiitrogTyeerin e.\ist« in two allotropic forms, one 
toricH using the nitrator-separator process now i solidifying at 13-2 ,theotherat2'r.the melbing- 
omploy a mixtun*' of 41 p.e. of nitric ju-ul, j points lieiiig 13-5 and 2.5' respectively. Will 

(Bor. I90K, lHt7) givi-s llie inelting-|>oint of the 
labile luoiiitieHiion as 2 2 V and ot the stable 
nu>difi<'atn*n as 12-2 . Hihbcrt (Hlh Int. (’ong. 
Ap]>. t-Ihem. hU2) d(\sciilK‘S the prepaiatiun of 
the two solid forms of mtroglyeeini and states 
that the labile form erystalliHes in the tnclinic 
syHt<im. and has a in.p. of 2 ' 0 '', aiul a fri'erjug- 
point of I-t^; whilst the statile form crystal- 
iises in the rhombu' system, and has a m.p. 
of 13'2“, ami a fiw/.ing-{)oint of 13-0°. The 
labile form is eoniparativelv stable lielow 0 ®, 
but is converted at once to the stable form with 
rise of temperature on addition of a crystal 
of the latter. 

Kitroglycorin is slightly volatile at oidinary 
lemperatures, the volatility incn'osmg with rise 
of tem{>erature.* WarahaU and Pease (Chem. 
Soc. Trans. 1916, 109, &o.) liave determined 
the vapour pressure of nitroglycenn, by the 
amount volatilised from cor^te at variotu 
temperatures. They obtained the following 
results : at 20®, 0*00020 inra. ; at 30®, 0*00083 
mm, : at 40®, 0*0025 mm.; at 5(P, 0*0072 ram.; 
at 70®. 0*044 mm.; and at 80% 0 098 mm. 
According to Hess, it can be completely evapo- 
raterl by continuous exposure to a temjierature 
of 70®, and it can bo distilled tn tiam6 below 100®. 
Will states that nitro^Iyoerin can bo completely 
volatilised at 160® witliout boiling. Champion 

f ives tlie boiling-point as about 186®, but de 
(ry^ states that this temperature is too low, 
and that the boiling-point is over 200 ®. 

Althoullli p«rfectly pare nitroglycerin is quite 
stable at ordmaiy temperatures, it soon begins 
to decompose at slightly elevated temperatures, 
the decomposition raj^y aocelerati^ owing 
to the oatalytio aotjem of the dcoomposition 
products, so that it soon becomes dang^us. 


57*5 p.c. sulphuric acid, and 1-5 {i.e. water, 
oorrespondiug to 250 lbs. nitm^ and, 350 huI- | 
phurio acid, and 9 lbs. of wati'r for each 100 llm. 
of glyoorol, whiidi gives a ratio of 0-09 of acid 
to 1 of glyi'criii. The ThoniHon apparatuH is 
now goneriuly used on the Continent with slight 
modincation m the proi-edun^. 'I'he nitration 
is carried out at a ternjiorature of from 28“ to 
30®, by 6 parts of an acid mixture' containing 
44 p.o. HNOj. 5.5 p.e. H 58 O 1 , and I p.e. H 3 O. 
This more drastic nitration is slated to give* a 
purer product by oxidation of some of the 
impuriticH usually found, with a yield of from 
232 to 233 p.o. Uofwimmer (Chem. Zeit. 
1912, 961) states that a maximum yield of 
nitroglycerin is obtained by the use of 3 molecular 
weights of sulphuric acid and 4 of nitric acid for 
the nitration of 1 molecular wreight of glycerin. 

Composition .—By sufiicient dilution witii 
ooppOT oxide, the combustion of nitroglycerin 
OMi be carried out in tlio ordinary way. 'I’ho 
nitrogen can bo estimated by Dumas’ method, 
or, mtter, by the nitrometOT. The results of 
numerous anal^cs by di^rent oxperiment-ers 
give figures very closely oorresponaing to the 
tbeoretioad composition CtHdNOj)^; and Perkin 
(€3)iem. 800 . Trans. 1889, 726) frtim determina- 
Uons of the magnotio rotation of nitroglycerin, 
concludes that nitroglycerin must have its 
oxygen combined in the form —O—NO,. 

Properties .—Nitroglycerin is a hca^’ toUy 
liqoid; its sp.gr. at 15*6® is 1*60. When 
properly made from perf«itly pure and colourless 
glyoerol and acids, it is as cmouiicws as waW; 
Mt of a yellow to piUe-brcwii colour ss obtained 
on the fibrnmoroud scale, according to the 
purity of the prime matoriidB,^ It is neutral in 
reaction, and, wh<m quite free from water,* it is 


transparent: When pure, nitroglyovip r^ydne According to QuUmann, a temperature ot 
kept tor an in^Bait^y Ittog time withou'^ decora- , between 45® and 60® is the eritioal one fox 
^lonticHL Thiu Moords the keeping ! oitioglyoanm, the stability bedz^ pnctically 
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ptdkoi baiow this teinpenkture. The deoompo- 
sitioii is Aomleiwtod by au*ll treoes d nitrons 
Mid: bjlUN^ oxi^tion glyceric end oxidio acids 
are formed. 

The T^ocity of decomposition of nitio* 
gfyoerin, when out of contact with the pioduots 
ordeoompoeition, has been examined by Robert' 
son ((^m. Soc. Trans. 1909» 1241). He con* 
oladM that the nitrogou is disengaged almost 
enrirely as nitrogen peroxide, in which respect 
the decomposition differs from that of guncotton; 
that the discngaffement of nitrogen peroxide 
proceeds in a i^neotly unifonn manner; that 
the rate of decomposition is a function of the 
temperature, and increases from to 125^, 
being doubled in a rise of 5“^, and that nitro¬ 
glycerin has a higher rate of decomposition than 
guncotton under similar conditions. 

Mowbray found that his nitroglytM^rin con- 
traoiedabout ^ of its original volume on fn)Ozing. 

Beckerhiiin made a number of estimations 
of the specific gravity of Nobefs nilroglycenn, 
which was procured from different ^•torics. 
The sMoific gravity of the stiJitl nitroglycerin 
was taken at -j-lO'^ (nearly at its melting-point); 
all the nitroglycerins gave very concordant 
values, having a specific gravity of 1 *736. The 
speciiio gravity of the liquid nitroglycerin was 
found by numerous estimations to bo 1 '5!f9; 
whence, in solidifying, nitroglycerin conlra(;t8 
about of its original volume. Consequently, 
Nobel's and Mowbray’s nitroglycerin agree in 
this lesnect. « 

BeeWhinn found for the specific heat of 
liquid nitroglycerin (between 9*5® wid 98®) the 
value 0'4248, and for the latent heat of fusion 
of solid nitrc^lycorin the value 33*54 heat-units. 

Perkin (l.c.) found the magnetic rotation of 
nitroglycerin to be 5407. 

It is inodorous, has a sweet, pungent, 
aromatic flavour, and even in very sm^ quan¬ 
tity has toxic properties, first noticed by Sobroro. 
Schuchardt (Dingl. -poly. J. 180, 406) tried the 
effect on hin^lf of swallowing a drop of nitro¬ 
glycerin. He soon experienced vertigo, head- 
acme, lassitude, and drowsiness; and an hour 
later, having incautiously taken more nitro- 
glycerin, the symptonm mentft)ifhd increased in 
severity, and were followed by nausea and loss 
of oonsclousnees. No ill effects were, however, 
felt next day. 

The handling of nitroglycerin is followed 
by similar unpleaMnt symptoms ; but continued 
handling of rae nitrogiycerm for a day or two 
gives immunity from the headache. The chief 
symptom is usually violent headache. Fresh 
a4r. drinking black coffee, or extract of sarsapa¬ 
rilla, and the administration of morphine 
acetate, are antidotes. * 

Hay states that 1 gram of nitroglycerin 
dissolves in about 800 o.o. of water, and m 4 o.o. 
absolute aloohdi. Will gives the solubility in 
watw at 16® as 41*16 p.c., and <4ie absorption*of 
water as 0*2 p.c. It is freely soluble ia methyl 
alcohol, eriier, benzene, nitrobenz^e, ohloro- 
ftmit, acetone, glacial acetic acid, ethyl acetate, 
and other oigMiio solvmits. 

It is piactkaliy insolnble m glycerol and in 
carbon duulidude. The solnbility nitarogly- 
opin in a nombor of solvents is given % 
^aliott^ in m Bohool of Minee Quarter^, 4v. 
15. Nitrofdjoeria is aMnUe in stemg nitzio adid« 


unchanged; ia strong sulphurio aouiit is diamlved 
Md y deni^ted with the formation ol 

glycerid sulphate. 

Berthelot (Sur la Force ctes Matihres ex|do- 
sihi d'aprbs la Thermoohimi», 1883) gives for 
the heat of formation of liquid nitroglyoerin 
from liquid glycerol and mtrio acid, •fl4'7 
kgm.-degrees per molecule (227 grami) of 
mtrogiycorin; and for the heat of fonuation d 
nitroglyoerin from its elements (diamond car¬ 
bon, ^oous hydrogen, nitrc^l^, and oxygen), 
4-98 Kgm.-degrees jier 227 grams; or, -^432 
gram-degrees per 1 gram nitr<^lycerin. 

Ddectim .—Nitroglycerin can be detected by 
its taste, and by absorbing a drop on bibulous 
paper; the drop produces a permanent greasy 
stain wbrich oxpioaos when struck a hammer 
on an anvil, burns with a yellowish-green flame, 
with a cracking sound, or, when heated hrom 
below, explodes with a loud report. It is 
soluble in methyl alcohol, the solution becoq^ng 
milky on the addition of water, and eventually 
depositing heavy oily ilrops. A solution of 1 
vol. of aniJino in 40 vols. of sulphuric acid, 
sp.gr. 1*84, gives a purple-red (^olouraUon with 
the smallest trace of nitrc^l^cerin (Werber). 

I{eacti(m «.—Of the reactioiw of nitrogiycerm 
two may be mentioned. The decomposition of 
uitroglyccrin by caustic potash was stated by 
Hailton (Ohem. Roc. Trans. 1855, 7, 222-224), 
to be : 


0,H,(NO,)34-3K()H-C3H,08+3KNO, 
but this was not at all justified by the results of 
his experiments, as only a small fraction of the 
nitroglycerin seems to have been decomposed, 
and the formation of some potassium nitrate 
and glycerol to have been only qualitatively 
determined. 

Hay {l.c.) states that, by the action of 
alkali on nitroglycerin, glycerol is not regene¬ 
rated, but is oxidised at the moment of formation 
at the expense of the nitric acid, potassium 
nitrite being formed. He sums the reactions 
into one equation, thus : 

C,H,(()NO,),+5KOH 

-KN0,+2KN0,4-HC02K-fCH,C0,K-l-3Hg0 


stating that while the oxidation products of 
glycerol may vary as regards their nature sod 
proportions, the above equation expresses wiUi 
approximate accuracy the course of the reacti<m. 
Berthelot (Compt. rend. 1900,131, 519) considers 
that the regeneration of pot^ium nitrate may 
bo taken as corresponding to that of the glycerol, 
and, if that is so, the p^uction of potassium 
nitrite implies the simultaneouB formwon of a 
more highly o^dked product, such as g^oerio 
al^hyde, in tfaiif way : 

OgH,(NO,),+3KOH 

«C,H,0,-fH,0+2KN0,-fB3ff0a 
Berthelot also considers that the poor atebffity 
of Bolne^ samples of nitroglycerin, for which it 
is oftra difficult to account, may be attributed 
to the formation of glyceric aldehyde in the 
manufacture, producca m this way: 

C,H,O,+HN0,«C,H.Oa-fHNO,-lsa,0 
and that this nitaous add thra fbm a 
mixetf nter of the composition C^B{KCU(!!?Og} 
both of whieh tnwurities wouia Mtttirocnlt to 
deteol. •• ^ ■ 

hi wark <ni the hyurolysu of 
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in alkaline eolution, Sill*™!! »■«! Parmer I with difficulty. 


Abel placed two poles connect^ 
■■ in some nitroglycerin 



the more reactive’rondition of the nitric acid ! and after 
when first sot free on hydrolysis. Nitroglycerin , exploded. , , Kw,,,.,!.* 

is acted on by polaosium hydroxide in aqueous ; The combustion of nitroglycerin, DTOi^ni 
and in alcoliolic solution | but, naturaUy, much i about by contact with an ignited body, gives 
more slowly by miiieous potash. rise to nitrous vapours and a complicated rcac- 

'Pin* reaction of nitroglycenn with alkaline tion; it bums with a yellow flame, but W’ltn- 
sulpliidcs, by which glycerol is formed itith ' out explosion jiroperly so called, at least m the 
duction of the NO, group, and not an amido case of small quantities. Hut if the quantity ol 
derivative, is of great theondical interest, but nilroglycerin is too large, the combustion ends 
has not bei-n examined (juantitatively u« in the , in detonation. 'J’lie giuics produced by burning 
case of guncotton, : nitroLdyeerin (or. rather, ordinary dynamite : 

Homo expenmenUj wi'rt^ made in ,18811 by j nitroglycerin and silicioiis matU'f) have been 
Bloxam (Chein. News, 47, lOfl), on the deconi- analvKed by Siirrau and Vieillc. The gases were 
position of nitroirlyecrin by alkaline sulpliidcs, allowed to csciijie freely, under approximately 
but more with the view of finding a safe means , atmospheric pressure ; they had the following 
of disposing of nitroglycerin. He fouinl that composition per HK) voliini(‘s of gas : 

ttle^iolio solution of KHS, strong aqueous solii-' jj ^ ^ j-C, 

tion of K,S, aqueous yellow aminonmrn sul-, ^ 

phido, the orange-eulouml solution of oalciuin ‘ ',12 ’] ('H ! . 03 

sulphide formed by boding flowers of sulphur . . . ^ . 

and slaked lime with water, are all abl<i (the last I’lie eonihuHtmn, therefore*, under tliesc circuni- 
Rolution more slowly than the others) to efleet ; stances appeals to be very inconipiele. 
the conversion of nitroglyeerin into glycerol. In th(‘ early days of t he use of nitroglyeerin, 

(Umihustion arnl (irfo«aO(W.—Heated rapidly Nolwl etb'ctful its i-.xplosion m a borehole bv 
to 200", nitroglyeerin inflamw, and at a little means of the cxjilosion of gunpowder (Nobel, 
higher tein{M>rature detonates with great violence Kiig. Pat. 23.'’)0, I8t)3). The gunpowder wafi 
(Berthelot-, Sur la .Force des Mati6n« exploKifs). ’ tired by a fu.se. but the <‘xplosion of tlie nitro- 
The tcmperaiimi of exphision of nitroglyeerin ; glyeerin was uncertain and mcomjdete. Incom* 
is variously stated. Nobel stati's that when , plete d<‘toiiation of nitrtglycenn leads to its 
heated to 180", it explodes. Hagen gives 180°- combustion and the formation of nitric^ oxide 
HK)^ as tho temperatim* of explosion of nitro- ; and the deleterious higher oxides on coming in 
glycerin; I.<eyguo and (’hanipnm give a higher U'ontiwt with the air. Subsequently (m 1804) 

‘ ’ ■ Nobel exploded the nitroglycerin by means of 

th(‘ detonation of mercury fulminate con¬ 
tained m a strong cojiper <'ap, or detonator, as 
it i« now termed, immersed in the liquid. The 


temperature. F. Hess olwerves that explosive 
HubstaneiiH, when slowly heated, detonate at a 
lower temjroraturo tlian when smldenly heat(‘d. 
The temperature of explosion of nitrog^'ci-rin 
(and of explosives in general) is evidently 
dependent on the eonditions of the experiment. 


detonation was then complete, and the force 
developeii much gn'ater tlian when Die nitro* 


MoRolierts (f.c.) sajTS that the explosion of glyeerin was fired by means of gunpowder, 
nitroglycerin can bo brought about by heat-i The shock of two liard bodies capable of 
ing it io a t<unperature at which decoiiinoHition | vibrating r(*adily la able to cause the detonation 
UKes place; the decomposition itself then ! of nitroglycerin coating the struck surfaces, 
apo^ily raise* the temperature to tho point of : Nobel noticed that a film of nitroglycenn on an 


|*xpk)sion. 8neiUng and Stone 


(U.S. Bureau | anvil, struck ftgntly by a hammer, detonated 
only where struck by the hammer; but if 


lof Minos, Tech. Paper No. 12) have studied the 
Vhaviour of nitroglvcorin on heating. The j struck heavily, the whole film of nitroglycerin 
nitroglycerin gradually became yellow, then j detonated (McRoberts, f.r.). Tf the film be 
orange, as the temperature was raised, obvious covered only witl; a sheet of jiaper, and struck, 
deoomp{*ition with gas evolution and partial j tho detonation is propagate<i through the whole 
istUlation took place at 145% and e.xpltwion of tho nitroglycerin (l)68ortiaux. Traits eur la 
oocurrod at about 218®. They explain that tho , Poudrc, Ac.). Reasoning that the blow of tho 
lower explosion U'mperaturos given by other ' hammer caused string compression of the nitro* 
ob^rvem are duo to the heat eg decomposition 
of tho nitffwlycerin loenlly rai^ng the tempera¬ 
ture above the recorded temperature of explosion. 

Nitrc^lyoerin is not readily infianied at 
atmospheno temperatures by contact with 
flame or with a red-hot body. Thu#i, sNobel 


glycerin, and raised its temperature to the cx- 
plodiq^ point, Nobel was led to try tho effect 
of the blow caused by the detonation in the 
nitroglycerin of strongly confined detonating; 
mixtures, in tho hope that the blow thus givcm 

._ ..,, wpuld raise the temperature of the nitroglycerin 

1866 showed that nitrogfyeerin was not I locally, as was done by the blow of the hammer, 
‘ and wofld thereby •cause its explosion. He 

eventually (in 1864) found that the detonation 
of nitroglyeerin could be rendered certain by 
the use of mercury fulminate contained in a 
strong copper cap (McRoberts, /.c.). This idea 
of fir^ an explosive by initial detonation was 
one of the greatest improvements e^er made jn 
tbe use of exidosives. It made Hie use of nitro* 
I glycerin as a fdasting agent practicable, was 


in «. . 

inflamed when its surface was touched with a 
red*hot iron rod ; the flame of a burning wood- 
shaving sot on fire nitroglvccrin, which burnt 
withouf^explosion with a Aame that went out 
when the souroe of heat wa* removed; ^d he 
states that burning nitroglycerin explod« only 
when its temperature is raised by tbe J^ombus- 
thm to at lefit l^®. « * 

Eleotrio spunks will inflame nitroglyeerin, but 
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sabsequonUy applied by Abel and Brown to t 
gimoottoo, and la now used for firing dU high I 
ezploeHba. 

It has been mentioned that the detonation I 
of nitroglyeerin is readily caused wh^ it is ; 
subjected to the shook of two hard sonorous i 
bp(^, as that of iron on iron. The shock of 
od]^r on copper is believed to be less danseroua, ! 
ana that of wood on wood still lects so; out ex- . 
plosions of nitrc^lvccrin have been caused by 
such shocks (Bertnelot, Sur la Force doa Ma- ' 
ti^res explosiis» &c.). The sensitiveness of 
nitroglycerin to friction and percussion incit'ascs 
with the temperature. 

Frozen nitroglycerin is less readily detonated 
by a blow, or oy the detonation of meri'ury 
fulminate, than when in the liquid state. This 
was to be e.xpected, as detonation results in both 
CMOS from the transformation into heat of the 
kinetic eneixy im|)artc(l to the particles of 
nitroglycerin—lieat sufticiont at the part struck 
to raise the temperature of the nitroglycerin to 
the U'imperature of explosion; and U> raise 
frozen mtmglycerin to that Uuuperaturc, more 
heat would bo required than in the case of 
the liquid, on account of the heat absorlied 
in melting the. soiid nitroglyeerin. Thus, . 
Beckorhinn statw (JSitz. W. 72 and 73. in 
abstract in the Jahitsslieneht der chemiselM'ii 
Technologic, 1H70, 22, 481-4S7) that quanti¬ 
ties of mercury fulniinati' which wr>ul(i liave 
detonated liquid nitroglycenn with certainty, 
did not detonate erystallised nitroglycerin ; , 
also, that when a flat anvil of Bessemer steel 
was thinly coabnl witli luiuid and with solul 
nitK^lycenn, and a wrought-iron weight allowed 
to fall on it, the mean height of fall required 
to effect detonation was for liquid nitroglycenn 
0*78 metre (2-6 feet), for frozen nitroglycerin 
2'13 metres (7 feet). McRolierts (l.c.) states 
that a ilotonator containing even so much as 
2 gram of mercury fulminate does not effect the 
detonation of thoroughly friMten nitrogly<5erin, 
while 0*1 gram of fulminate will detonate liquid 
nitrwlycerin. 

The products of the detonation of nitrogly¬ 
cerin are stated to be those of complete combus¬ 
tion, and the equation ropniefiting the eiiange 
is given as : 

2C3H,(N<)3),-flCO,-f5H2()+(iN-fO 

^rrau and Vieille (Compt. rend. IKi, 1000) 
state that experiment shows that the decompo¬ 
sition of nitroglycerin in a closed vessel is 
represented by the above equation; but no 
analysis of the cases is given. 

('alculated from the above equation, nitro¬ 
glycerin contains an excess of 3*52 p.c. oxygen 
(per 100 nitrc»lyccrin) above that rcqfiirod for 
complete combustion, and 100 grains of nitro¬ 
glycerin would be converted into 68*15 grams 
vO„ 19*83 grains H,0, 3*62 grams O, and 18*60 
grams N. • 

Nobel has calculated that 1 voB of nitro- 
gWeerin on explosion generates about 1200 vols. 
of gases, calouUted to normal temperature and 
pressure, and that the heat generated expands 
the gases to nearly eight times this volume, and 
concludes tiiat the explosive force of nitro- 
glyoerin us 13 times as great as that of an equal 
volume of gunpowder. 

The quaomy of heed evolved by tiie totskl 


oombustion of nitro{|;lyceiin, as represented in 
the above equation, ts given bsBerthelot (Sur 
ia Fori^e des Matiferes explosim, &o.), for 227 
grams nitn»lycerm and in Calories (kgm.-d^ree 
units), as fmlows :— 

The water liquid* constant pressure, -f 350*6 
Calories ; constant volume, -f358*6 Calories. 

The water gaseous, constant pressure, +331*1 
Calories; constant volume, +336*6 Calories, 

Or, per 1 kilogram of nitroglycerin : 

! ^ The water liquid, constant pressure, +1670 
Calories ; constant volume, +1679 Calories. 

Sarrau and Vieille obtained, by experiment* 
+1 (MX) Calories. 

The volume (at 0® and 0*76 metre pressure) 
of the gases pi oduced by the detonation of nitro* 
glycerin, calculated from the equation given 
almvc, is 714 hires per 1 kilogram nitrogly- 
oorin, tlie water taken as gaseous; or 1142 
litres gas (under the given conditions) per 1 litre 
; nitroglycenn. M'hc calculated volume of the 
[permanent gases (i.r. the water taken as liquid, 
tension of atjueous vapour at 0® ilisregardod) at 0® 
and 0*70 metre is 467*6 litres per 1 kilogram 
of nitroglycerin, or 748 litres per 1 litre of 
nitroglyeerin. Ib'rthelot mentions that Sarrau 
and Vioillc found experimentally the volume of 
jiermanent gases to bo 466 litres at 0® per 1 kilo¬ 
gram nitroglycerin. The gases at the momont 
of detonation are greatly expanded by the heat of 
the combustion ; a<5Cording to an early statement 
of Berthclot (in IH71), the gases are expanded to 
, eight times their volume at 0®. 

It will bo convenient to roquote the numbers 
! obtained by Noble and Aoel (Fired Gun- 
; powder, No. 2, Trans. Boy. Soc. 1880) with 
Waltham Abbt^y flne-grain gunpowder and 
ordinary English mining powder. 

One kilogram perfectly dry powder gave on 
exphwion: 

W. A. flne- Mining 
grain powder 

Quantity of heat in Calories) 738*3 616*8 

(kgm.-degrces) . . ./ 

: Permanent gases in litres at 0® 1 263*1 300*3 

and 0*76 metre . . / 

The statements as to the relative power of 
1 nitroglycerin and ordinary blasting powder ^ 
i blasting agents vary ; portly, no doubt, m 
I account of differences in the rocks blasted* m 
i nitroglycerin is most effective in a compac/t rock, 
offering c(iual resistance in all directions to the 
gases produced by the explosion. Thus, TrauxI 
(quoted by Berthclot) stated in 1870 that nitro¬ 
glycerin used lor blasting in quizes pr^uced 
nvo to six times the effect of on equal weight of 
blasting powder ,* and for equal volumes the 
I difference would be much greater. The effects 
I produced are those of dislocation* specially de- 
I pendent on the initial pressures. Schwanert 
I (quoted by Bockmaon) states that the mean 
I bla^iM power of nitroglycerin may be taken as 
boin^^oto 4 times greater than that of ordinary 
blasting )x>wder; equal weights being in all 
I probal^ty intended. 

The velocity of the propagation of ctebonafcion 
in liquid nitroglyoerin has deteMHined 
Abel (Trans. Roir. Soc. 1874, 386, 386). The 
lengih of ttitrogiyceriQ used was 14 feiet^ fbe 
3 ozs. per foot of the train. • The Bqnid 
was ccmtldnod in a V^hap^ of thin 

sheet metal; at intiirviSi of 2 feeff insulated 
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copper wires crowed the trough (huriug boon (1) those with un inert (2) tJioee with « 

pMsed tlirougli* and ueiflented into, amall holes combustible base; and (3) those 
m the sidfw of the trough) sufficiently iftar the explosive base. The last class includw those 
bottom to be covert'd by tlie nitroglycerin. The with bases which are- explosive mixtures (nitoate, 
velooitios were measurtid by Noble’s ehronoscope; chlorate, perchlorate, &c,), and those^which^ar© 
the mean rate t»f detonation was found to be explosive compounds, either of the or 

5305 feet (IH12 metros) ptT second, or little ‘ nitrate ' class. In the last class it will be con* 
raoi© than one-fourth the rate of detonation cenient to include blasting gelatin and gelatm- 
of cylifiders of compri'ssed guncotton in a con- dynamite, although the nitrocelluloses have not 
iinuoUH r(»w. yet boon considered. Explosive mixtures con- 

Vue. - Nitroglycerin, as such, is no longer uhc^ taining only a small percentage of nitr^lycerin, 
as an exfilosivc. It was at one time used to a added to increase the ease of detonation, have 
large I'xttmi, esjiecially in America; for instance, b<‘en classilicd under the eharactenstic oxygen 
about 7d tf>ns of Mowbray’s mtroglycenn, sail, but th<' line of demarcation is not sharp, 
transported in the fio/.en slate, was used in the an<l the classification w to this exU'nt arbi- 
oonstructioji of Mu* Hoosai; Tunnel in Mussaehu- trarv. 

setts in 1874. Its use was prohibit<*d in England ■ The principle of most modeni dynamites, 
in I8tl9, ami then <iied out in EurojK*, but it : whiih lieloiig U> the second and tiiird classes, 
was employed in America for some years after- 1 is to make base contribute t() the energy of 
wanls. Since the invention of nitrogrlatm, | the explosive, thi' nitroglycerin acting os 
there is no incentive to use raw nitroglyei'rin, [detonating agent to lh<“ biwe. A slight further 
as the former is as powerful an explosive as tlic ' advantagi^ ^s obtained in these I'lasses, as the 
latter. ' exi ess of oxygen present in the nitroglyeonn is 

utiliseil. Nobel first used gunpowder as the 
Dynamites, i explosive b}vs<‘, but safer and more regular 

It has been ain^iwly nieiitioiieil that the i ri'sults won; obtained by replacing the sulphur 
serious ai-eidents which, in 1804 00, attended | and charcoal by wood pulp, ^’ood pulp, owing 
the transport or manufiurture of mtroglycenn ^ Uy its physical properties, lias a cushioning e0ect 
won» followed by u reaction against its use*, aiul in preventing accidental detonation by friction 
in this country by a prohibilive Act in IHOJ). , or percussion, and giviw a certain compressibility 
To render ita inwisport safe, Noliol introiliicc'd j to tlie product which is of advantage in fitting 
the use of a solution of nitroglycerin in wood- the cartridge m a bori'hole. On the other hand, 
spirit {methyl alcohol); a hoIuIioii which is not. woo«l pul]) renders the dynamites more suscep- 
tixplosive, and from whudi tiie nitrogly<‘cnn wtus tible to detonating vibrations, and the detonation, 
to be Hcparated by jux^cijufatum by water at the onci' started, proceeds with grt'ater certainty 
plai'e where it was to Im' used. Tins incMuxl of and n'gulanty. This is duo to the structure 
proteotion was soon abandoned, as the separation ; given to the nd.xture by the jiulp, which is 
of the nitroglycerin was troublesome, and at low .sulliciently open and loose for the detonating 
temperatures it erystallistxl out from the solu- vibrations to piuietrate the mass, and affords a 
tion. A further disadvant-^e in the u^e of large number of points for molecular attack, 
nitroglycerin is that it may run from tlie bore- whcreiw an ordinary blow is absorbed by the 
hole into fissures in the rock, escajie detonation, mass owing to its compressibility. Ereewng 
and either burn and give off deleterious oxides of interferes with the detonation of these mixtures, 
nitrogen, or, if unburiied, bo a grave source of jirobahly owing to the latent heat of fusion of 
danger on removing the rock. Attempts were tlie nitroglycerin absorbing some of the eneigy 
mo^ to overcome this difficulty by lining the of the detonating wave, but the texture of the 
borehole with clay. Subsequently Nobel sue- dynamite has a very great influence in this 
needed in making the use of nitroglycerin com- connection, th# Ase of detonation being less 
parativeiy safe by employing porous substances afftx^ted the more granular and open the texture, 
to ahiorD the liquid; to these preparations he C'ommon rosin, used m some of the earlier 
gave the name Dynamite. dynamite's, has a slow hardening effect on the 

As he had boon experimenting with a mixture ; mixtures, and in t|me renders them very insen- 
of nitroglyueriii and gunpowder, Nobel at first (sitive to detonation. 

used oharooal as an absorbent, and various other , The ]>roportion of nitroglycerin in a dynamite 
substanooB were aubsequontly tried, but he is limite<l by the possibility of exudation. In 
found ‘ kieselguhr,’ or so-called infusorial earth, the gelatinous dynamites, exudation is prevented 
to be the best absorbent of nitroglvcerin (Eng. by the gelatinwation of the nitroglycerin by 
Pat. 1345, 1887). Nobel origuiafly intended solution in it of soluble nitrocellulose. In the 
that the nitruglycerin should m sejiarated out lower jll'ades of these explosives wood pulp is 
again for use, but ho subsequently found tliat an ingredient, and its presence not only permits 
the dynamite itself could be more readily less complete gelatinisation of the nitroglycerm, 
detonated than the liquid nitit^lycerm. ^ , but also the use of sufficient nitrate, or other 
The term ' dynamite *. has now a more oxffiising salt, to give complete combustion 
general simiiOcanet^. It is applied to all mixtures ^ without f4ar of exudatloii. 
of nitroglyomio with solid substances, #hich ' (^cium or mi^nesium carbonate, up to 
absorb apd retain it under ordinarv conditions, 2 p.c., but usually about 1 p.c., is frequently 
of storage, whatev'er the nature of the latter; added to dynamites to act as a stabili^r by 
bat when used specifically, hKieeelguhr Dyna- neutralising any acid fonned by decompoeitkm 
mite No. I ’ is m^mt. *' of the nitroglyo^ia on steerage, and so preventing 

The absorbent matmial is Imowa te oat^y^ wjoeleration of the decempoeitfon. 
^ base" or ‘ dope,’ and dynmnitM maf*be iAma- Zinc or magnesium oxide is also used for the 
tied aecordini to lha fitve of the baae into t same purpose. Sodium or ammonisoa carbonate 
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iuH bMa» md ioiiMtuB«a etiU u, med as a otahi* 
tiaor, bat tiw use of tltese soluble carbooates k 
not advisil^, owi^ to tiieir hydrolysing action 
on nitroglycerin in the presence of moisture. 

1. Dynamitte with an inert baac. 

Dynamite No. 1 or Kieaelguhr dptamite .— 
Xieselguhr dynamite contains from 70 to 80 p.c., 
usually 76 p.o., of nitroglycerin. (Dynamites 
with fees than 30 p.c. of nitroglycerin will not 
explode.) A smidl quantity of.^kaii, formerly 
1*6 p.c. ammonium carbonate, now O'6-l p.c. 


Properties. —^Kieseiguhr dynamite k a plaatio* 
pMty Bubstanoe, the odoUr of whiph varies from 
pink or ftrey to a dark-brown, according to the 
colour of the base, and whethw ochre has been 
added or not.. The paste is stiff, or soft and 
gress;^, according to the absorbing power of 
the meselguhr. It k slightly cotnpressibK and 
this prop^y renders it quite safe from detona* 
tion oy ordinary shocks. 

Water separates the nitroglycerin from 
oi;^inary kieselguhr dynamite. The specific 
gravity of dynamite is about 1*6. When un¬ 
frozen dynamite k set fire to by application of 


anhydrous sodium carbemato, is usually added | flame, the nitroglycerin bums qmokly with 
to neutralise anv frw acid that may develop on j yellowish flame, giving off nitrous fumes, 
stora^ ; but alkali is not always added. ! Largo quantities can thim lie burnt without ex* 

KieaeJyuhr. The earth is found in several i plosion; *but eventually the unbumt portion 
- places; that first used was obtained from j oecomee heated to the temperature of explosion, 
Oberlohe in Hanover, where there is an exU n* j and explodes. When exposed to a slowly rising 
Biv© bed of it. It consists of the friwtulos of ! tcunperature, dynamite firt« at about 180®. It 
dialog, and is mainly silica; Bcckcrhinn j can lie safely deet.n>yod by laying it in a long 
exammod some kieselguhr, and foitnd it to j thin train, pouring any waste oil over the train, 
contain 95 p.c. SiOj, and its 8|)ocifi(f heat to be j and firing it. Dynamite fmszes more readily 
0*2089. The kieselguhr is moderately calcined : than liquid nitrogivcorin, usually at about 4 . 
to remove waUT and organic matter, then ! Frozen dynamite bums very slowly, thawing 
ground and sifUnl. It should be fnsi from 1 preceding combustion. When a eumpaiatively 
gntty particles. T^o dried knwelgulir is packe<i I small heap of frozen dynamite cartri^m is set 
in canvas and stored in a dry atmosphere, i fire to, an explosion often ensues. nitro- 

as it is distinctly hyg^copie. Dynamite made | glycerin, frozen dynainilo is less sensitive to 
with a guhr containing more than about 0-6 | shock than unfrozen, and the ordinary detonator 
p.o. of water will exude nitroglycerin on storage, [does not explode thoroughly frozen dynamite, 
The kieselguhr used at Ardeer is obtained j although one-tenth part of the detonator 
from Aberdeenshire ; it absorbs three or four | charge is sufficient to cause the detonation of 
times its weight of nitroglycerin, retaining it I unfrozen dynamite (McRoberts, l.r.). 8inoo 
under considerable pressure. The calcined | frozen dynamite is comparatively uselfiss as an 
material contains about 98 p.c. SiO* {Mi-Roberts, ! explosive, it must bo thawed or ‘ tempered * 
Ic.), 


Manufacture .—^Tlio nitroglycerin and kiesel¬ 
guhr are mixed by hand in shallow lead tanks, 
^y stabiliser is added to the kimelguhr before 
impregnation. The guhr is weighed out into 
the tank, the weighed charge of iiitrt^lycerin 
poured over it from a bucket of indiarubbor, 
guttapercha, or similar material, the ingredients 
kneaded, and then rubbed through the meshes of 
a coarse wire sieve, to complete the admixture. 
Sometimes two sieves are used, a eoaroe one 
with about 3 meshes to the ilRc*li, and a finer 
oiw with 7 meshes to the inch. The dynamite 
is then in the form of plastic grains. These 
must neither be dry enough to crumble nor 
deciifrdly greasy, or the cartridges will not bo 
satisfactory. l{ the guhr be too absorbent, the 
muture will be too dry for pressing, and in 
thk case a small quantity of barium sulphate is 
usuaUy added, or, sometimes, mica, talc, or 
ochre up to 8 p.c. replacing an equal weight of 
kieeelguhr. 

Tbk dynamite cartridges are small cviftiders, 
in w^ch form they are squeezed out from the 
cartridge machine; the latter is a cylindrical 
metal tube, in which a wooden pkton works, 
pressure beii]^ applied to the pkton by meafls 
of a lever. One end of tk» tube k toimtnated 
by a funnel-shaped piece with orifice of the same 


befort) biung used, and this only takes place at 
temperatunw considerably above the rreeziz^;- 
pnint. Thawing is done in special warming 
pans, ip which tin; vessel containing the dynamite 
IS suiTounditd by a jacket containing warm 
water (at a temperature not above 70®) and 
thk in turn by a layer of felt or other non-oon* 
ducting material. When a cartridge of dynamite 
has once been frozen, it has a greater t^denoy 
to freeze again without any supercooling. This 
k probably due to the separation of pure nitro* 
glycerin from its impurities when first frozen, 
and only very slow readmixture after thawing. 
Dynamite is less sensitive to shock than nitro¬ 
glycerin ; the sensitiveness increases with the 
percentage of nitroj^lycerin in the dynamite, 
and (like explosives in general) with increase ot 
temperature. It k detonated by the shock 
of iron on iron, or of iron on stone, but not 
that of wood on Wfiod. Dynamite between 
steel and steel,,according to Hess, requires a 
blow of 0*76 kgm.-metre for detonafron; when 
frozen it requires 1 kgm.-metre. In un¬ 
frozen state it k really detonated by the 
shock of a rifle-bullet; ilertfaeiot states that 
it detqn^es under the direct blow of the bullet 
when firra at 50 metres’ (!64 feet) dktenoe, 
and even more. Placed on an anvil and steock, 
it retires a smart blow of the hammer to 


d^metM’ as that ofthe cartridges. The opera-! cause an explosion, and then only tJis portioiis 
won m a dang^ns oim, and every care most 1 directly struck detonate, the rest beh:^ ssnttered 
bo taken to avoid undue friction in the machine, | without exploding.* The siliciotts skeletons oi 
wd ihe paste must never be worked if frozen, i tlw fridkules of diatoms composing ^ ld«is^;iikr 
f he cartridjp^ usually either | or £ of an inch i font sefarate receptaclre for the nMgiyoerin, 
in diameter but sometimes I imm, are sent : and have tfhoshkzmng effect towards a Boeehimi- 
Out is paiohoesit 1 n..i ■—■imii.j.i i MM uR iitwj . 
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divided between the absorbent and the nitro* 
glycorin. Betfhelot (Sur la Force dcs Matibres 
oxplosibi, &c.) rt'niarks that dvnainitft is less 
criMhing in its action that nitroglycerin, because 
the heat evolved on )te detonation is shared 
between tlie products of the explosion and the 
inert substfuicr. the latter by its presence 
lowering tlic temperature. Thus, the specinc 
heat of kioselguhr (0*2) is almost the samu as 
the mean s[MH'ific heat of the gaseous products 
of fxpIoHKUi of nitroglycerin at constant volun^ ; 

HI the case of No. 1 dynamite with 25 p.c. 
kicMidgulir, in a vessel coinph'toly filled by it, 
and too strong to Iw burst by its detonation, 
the kiesolguhr would lower tlio temperature 
of the guHtw by one*fourlli, ami consetjuently 
diminish the initial prcssim-. In blasting, the 
condition of the gases of exjilosion woubl be ^ 
intcrnu'dittie Ix^tween eonstunt volume and I 
constant jiressure. Jn using d\namite, its, 
detonation is cfTiM led by means of tlic e.xjilosion 
of a mercury fulminati* detonator and fired 
by an eloi'trie eurivnt or bv meiuiH of Ibckford 
fuse, tJio cap InMiig emb<*d(led in the dynamite. 
'I’he detonator must be sufliciently powerful to 
ensurt^ complete detonation of tlie nitroglycerin, 
or nitrous liums will be generaled in the mine 
workmgH. I’he detonator sujiplied for the 
purpose byNolsd's Kxplosivet’ompany contains 
about 0-5 grain of a mixture of 71) p.e. mercury 
fulminate ami IK) ji.e. jMit-assium eblorate. 

Tho velocity of propagation of the detonation 
of this dynainit<> wiw Iimnd bv Abel (Trans. 
Koy. Soc. 1874. 384. 385) to ‘be 20,000 leet 
per second. The e.xpcriinent was made with 
half-inch cartridges of ilynamito in a continuous 
train of 42 f(S‘t. the rate Is'ing measured at in- 
Uirvals (if 1> feet, by means of Noble's ehronoseope. 

Abbot (U.S. KngincerH) obtained from lus 
experiments (Refsirt ujion a System oi Sub¬ 
marine Mines, &e., 1881, 111) the remarkable 
i-osult that tho intensity of action of ordinary 
, kiesclgiihr dynaimic containing 75 p.c. nitro* 

^ glycerin, fired under water, is greater than lliat 
oi nitroglycerin. Thus, in a senes of expen- , 
uicnts he foimd the intensity of action of lutix)- 
glycorin detonated under wati'r to be 81, that [ 
of on ei^ual wciglit of dynamite being 100. To I 
confirm the results, nitroglycerin was mixed, j 
under Abbot s supervision, with ]ux^pared 
kioeolgulir into dynamite of 75 p.c., and shots 
wore immediately tired under water with this 
dynamite, and with the nitroglycerin from 
wnich it had been made. The mean of live 
shots gave the intensity of the liijuid nitro- 
glyoorin as 85, that of the dynamite being 100 
(equal weights compared). Ab|)ot rt*marks that 
in blasting hard rock, uitroglwcrin is admitted 
to be by far stronger than dynamite ; in explana¬ 
tion ho supposes that in dynamite the particles 
of kieselgu^ slightly rotard chemietd action, and 
that the resistanoe opposed by watcr^bq'ng of 
a slightly yielding character, may exact mtire 
time than is reemired by pure nitroglyeei-in, 
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trough) was likely to bo given to<) low, owing to 
the tendency of the liquid partioles to escape 
from tho blow of the detonation, and that 
experiments with cmfined nitroglycerin would 
bo desirable. , .l 

Tested by the lead cylinder method, the 
intensity of action of nitroglycerin is 1*4 
that of No. 1 dynamite is unity. Von Pischoff, 
in Austria in 1860, comparing the relative 
values of dynamite and gunpowder, found that 
the former was roughly ^reo times m strong^ as 
gunpowder, variations from 2*4 to 3*3 being 
iditained according to tbo nature of the rock. 
The nature of tho kieselguhr has some influence 
on the explosive power of the dynamite ; the 
guhrs containing most tubular structures not 
only absorb better, but each of these tubes 
offei’s resistance on detonation, and confers 
greater intensity of action by its tamping effect. 

I)l(naifiHL‘ of —Instead of kieselguhr, 

in France a similar silicioufi earth ('ailed Banda- 
niU (from’Randan in the. Puy-dc-l>6me) is used 
as the absorbi'ut in the Vonges make of dyna¬ 
mite. Tripoli and the ashes of Boghead coal 
have also theie been employed as substitutes 
for kii'selguhr. Analysis of a modem .sample 
gave 75 ]>.e. nitroglycerin, 20*8 p.c. randanite, 3*8 
p.c. quartz, and 0*4 ji.e. magncHium carbonate. 
More rart'ly Dy^MiinUes Nos. 2 and 3 are used in 
France, containing 35 and 26 p.c. nitroglycerin 
resiH-'ctively. 'Phe American Giant jmvder No. 1 
is dynamiUi No. 1 containing 0*5 p.c. sixlium 
carbonate. 

M(i{;n<‘sia oU/<j has also been used as the 
absorbent of nitroglycerin, its absorptive 
power being said to exceed that of kieselguhr, 
and it is also said to increase the intensity of 
action of the dynamite by tho expulsion of its 
carbon dioxide. Tho eombhiation was nroposed 
in 1871), by Jones of t'aerphilly, and named 
Nitrwitagnilc or DynaviaijmU'. Its manufacture 
was abandoned, as it was decided that it con- 
flict(‘d witli the existing patents of Nobel. 

Modilications of kieselguhr dynamite have 
b(xm proposed, more especially on tho Continent, 
with a view of rendering it safe to use in fiery 
mines : various additions, such as salts con¬ 
taining much* ilfater of crystailisation, being 
mode to reduce the temperature of the flame. 
Such explosives arc naturally less powerful than 
ordinary dynamite. 

In Wetter (fyqowii/c, proposed by Muller of 
tlie Cologne dynamite factory (Eng. Pat. 
12424, 1887), crystallised sodium carbonate is 
used. Composition 62 p.c. nitrc^lycerm, 14 p.c. 
kieselguhr, and 34 p.c. soda ciystols. 

Onsoutitc contains magnesium sulphate. It 
is composed of 63 p.c. nitroglycerin, 14-6 p.c. 
kieselguhr, and 32-6 p.c. magnesium sulphate. 

Nohel Ardeer pwoder is a dynamite of this 
class, for althougii it contains nitre, it has no 
added combustible. Composition: 33 p.c. 

nftroglycerin, 49 p.c. magnesium sulphate, 13 
p.c. ki^Mguhr, mid 6*p.e. nitre. 

Aftca jxneder (Abbot, Report upon a System 


Aoeoixiiug to Abd’s experimente, howevCT, the ■ iuico potcaer yAovoi, xwporv u|wu *» ojrovcu* 
rate of detonatiun of dynamite is very much of Submarine S^es, &c., 93, 110) consata of 
quicker than that of liquid nitroglycerin,—a finely divided mica sedes wid nitiwlywriit It 
noBiilt agreeing with those •of Abbot's experi- 1 was made in the United States by Mowbray, 
menta, but not witii hk explanation of them. ' and was largely used, with good results, in com- 
Xt k trae.'as Abel points out, that the deflermlna- i pletii^ the Hooeac Tunnel. The aittwly^a ^ 
^on of the rate cd dntonation of Ifilvid nitro-! adheres to the scalos, but k not absorbed by 
glyofsin (whi<^ ^waii coataiued in an open ! thmxL Mowbray claims that, ounng to the very 
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surface exoosed* a more instantuieoui re* 
aotioii is seoorea than with liquid nitroglycerin. 
He estimates the interstitia] spaces at onc*fourth 
the volume of the powder s^en tolerably well 
rammed. 

Abbot experimented with a No. 1 mica 
powder containing 52 p.c. nitroglycerin, and 
with a No. 2 containing 40 p.c.; the charges 
being detonated under water. He found the in¬ 
tensity of action of No. 1 to be 83, of No. 2 to bo 
62; that of liquid nitroglycerin, in tlio same 
circumstances, l)eing 81, and that of kicselguhr 
d 3 mamite No. I, containing 75 p.c. nitroglycerin, 
being 100 (equal weights compamd). Tne result 
is remarkame, as it gives the intensity of a<'t ion 
of the nitroglycerin in mica powder as double 
that of an equal weight of liquid nitroglyeerin. 

2. DifnamiUn with a Coinhmlible JUihc. 

In this class the oxnhwive powev of the 
nitroglycerin is enhanced hy the utilisation of ' 
its excess of oxygen for e»unlnmtion of part, of 
the base. There is, however, ’ll oonsiderahle 
excejss of combustible matter, leading to the 
formation of carbon monoxide on detonation, 
and the dynamited containing an oxygen salt , 
in addition am more usual. 

(kirk charcoal is very absorptive but costly, | 
and the more usual <-ombuHtibl(' absorlients are 
wood meal, flour, and starch. 

Carbodynamite is a preparation introduced j 
by Messrs. W. !). Borland and W. K. Reid (Kiig. 
Pat. 758, 1886). It consists of 10 p.e. cork 
charcoal, which has slworlied 00 p.c. nitrogly¬ 
cerin. Sotiium or ammonium carbonates and 
water may or may not be present. 

It is claimed for carbodynamite that it can 
be kept under water for weehs without losing its 
nitroglycerin, which would be a great advantage 
over kieselgiihr dynamite. 

As was to be expected from the high per¬ 
centage of nitroglycerin, the intensity of action 
of carbodynamite is very high—much higher 
than that of kiesolguhr dynamite. Tn one 
variety of oarliodynamite, water wa.s added to 
render the explosive safe enough t.o use in fiery 
mines. Anotlier variety. No. ^ belongs to the 
third c1a.ss of dynamites, os it contains 80 p e. 
nitroglycerin, 14 p.c. nitre, and 0 p.c. cork 
charcoal. 

OrtsotdiVf.—Another form of this safety 
explosive contains wood meal as the absorbent, 
instead of kieselguhr. Composition: 44 p.c. 
niti^lycerin, 12 p.c. woo<l meal, 44 p.c. mag¬ 
nesium sulphate. This explosive is on the 
Belgian permitted list. Another explosive of 
this class on the same list is DynamtU anligri- 
wtUeust V, which has the same composition 
except that sodium sulphate replaces the 
magnesium sulphate as restrainer and tempera¬ 
ture reducer. The limit charge of the former 
is 300 grams, and of the latter 650 granu. ,, 

Foreile is the name dven to e^losives 
manufMitnred in various giClee by the .American 
Foroite Company, New Jersey. The original 
patent (of 1881) describes forcite as consistii^ 
of nitroglvcerin inoorporated with unnitrated 
gclaUnisM cellulose and with nitre. Cotton or 
othe; form of o^ulose was to be purified chemi¬ 
cally as m*^per making, to De reduced to 
powder and to m tubjeoted to the action of high- 
pressure steam, by which it was converted into a 
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gelatinous mam. Jt was then aUowed to cod, 
{uid was. to be incorporated at fKl** with nitro¬ 
glycerin and with nitre. One of tlie best compo¬ 
sitions was stated to be: niiroglveerin, 75 p.c.; 
gelatinised cotton, 7 p.c.; nitre, 18 p.o. Dextrin 
and ordinary cellulose in powder might partly 
replace the gelatinised cotton. 

Forcite is described as a hard plastic sub¬ 
stance, having very much the appearance and 
toughness of mdiarubber. Economy, non-exu- 
ddtion of nitroglycerin, and imperviousness to 
water, were claimed for it. There is consider¬ 
able variation in the statements as to the com¬ 
position of forcite; thus, in one kind the 
gelatinised nitroglycerin is said to be incoi^- 
rated with a mixture compt'sed of sodium 
nitrate, wood tar, a little sulphur and wood pulp. 

It is made in various grades containing different 
amounts of nitroglycerin. Eissler states that 
the ty}>e im^tly in use (in the United 8ta^, and 
in I88(i). and which posHcsses the bmt qualities, 
is 'the No. 1, containing from 65 to 85 p.c. 
nitroglycerin ; also that the quantity of nitro¬ 
glycerin in different grades vari<'i8 from the large 
amount niontiom'd to only 20-25 p.c. Ho 
states that quadnqde-forcc caps arc employed to 
o.Kplodo forcite. 

Abbot (U.8. Engineers) made estimations of 
the intensity of forcite exploded under water; 
the intensity vaned with the grade, between 
88 and 133, ordinary kicsel(^hr dynamite No. 1 
being 100 (Addendum II. to Report on Submarine 
Minm). Itelgian and other continental makes of 
forcite contain nitrocellulose, and come in class 
3 of dynamites. 

Forcite. antigrifiovtmse No. 2 has a similar 
composition to ‘ grisoutite.’ 

Jihenish dynamite consists of 75 p.c. of a 
solution of naphthalene in nitroglycerin, 25 p.o, 
of kicselguhr, and a little chalk or barium 
sulphate. 

« 

3. Dynamiten with an Exflmive Baae. 

Kieselguhr dynamite is much too violent and" 
local in its effects to bo used in most mining 
operations, such as in coal-mines or slate and 
granite quarries, where great jiower and shatter¬ 
ing effects are undesirable. As the force can¬ 
not be moderated by reducing the proportion of 
nitroglycerin without increasing tlie difficulty of 
detonation, the dynamites with an explosive 
base have gradually superseded it for mining 
purpc»es. 

i. Dynamiiea with a PoUuaivm Nitrate Mixture 
Base. 

• 

In many of these mixtures the proportion 
of combustible matter is so high that a lazve 
proportion of the carbon is only oxidised to 
monoxide on detonation. This is objectionable 
in expiowvos to be used in mines. The p^r 
wrapper of the cartridge has also to be con¬ 
sidered as combustible matter in this connec¬ 
tion. 

Dynamite No. 2 is black in colour, SAcl is 
milder and slower in ito action than Nof 1. It 
was ingtidaoed to ifhitate the explosive chnrac- 
teristice of gunpowder. If consists of ^^t more 
thalf) lAp-g. of nitixwlycerin, uniformly mixed 
with 82 of a puive ij ie d premaaMfo% oom^ 
posed 02 7t p.c. p<ft«ssium mtrate, 20 pA 
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oHarooal, 1 px. paraiRn. Scarcely used at all in 
this country. , 

Dynamite No. 3 was intermediate in power 
between No. 1 and No. 2. It consistea of a 
mixture of equal j>arta of No. 1 and a mixture 
of jmtaHMium nitrate and wood meal. 

Jiritotiitr No. 2, an Knglish |>ennitted 
explosive, eontaimt <m the average ^4 p.c. nitrr»- 
glycerin, Jin p.r;. pc^taHsitim nitrate, 3H p.c. 
wooil meal, and K p.c. aronionium oxalate. 
Limit charge 24 ozh., pendulum swing 2'2(> incRoe, 
Jiertd rock i« a modem modilication of 
* Lithofraoteiir,’ having the composition 40 p c. 
nitroglycerin, 40 p.c. nitre, 13 jkc. wood pulp, 
and 7 p.c. pitch. 

■pomh.rH /if and as used in the 
eonstniction of the l*anaiim ('anal, contamed 
/if, IM) p.c. nitroglycerin, with wood pulp a»i<l 
nitre, and 3 p.c;. of magnesia; ('■]-. 4/> j>.c. 
**‘troglycerm, with wood pulp and nitre and 
2 p.o. of ciialk. 

Some forms of Wrtlrr dynatmtf eontaiii a 
similar mixtim*. A sample from Wittenberg 
containeil 25 p.c. nitroglycerin, 35 mixed 
nitrates of potassium and barium, and 40 p.c. 
wood meal. 

Cambrife, on the Knglish authorised list, 
contains 22-24 p.c. nitroglycerin, 20-20 j>.c. 
potassium nitraUi, 3-4-5 p.c. barium nitrate, 
32-35 p.<r. wood meal, 0-0-5 p.c. calcium car¬ 
bonate, 7-0 p.c. aminonuiin oxalaU', and 3-5 
C p.c. moisture. Limit cliarge 30 ozs., pendulum 
SWIM ] -08 inidies, No. 0 detonator. 

VarbUc, a Fri'iich dynamito of this olass, 
contains 25 p.c. nitroglycerin, 34 p.c. potjis- 
aium nitrate. 1 p.c. barium nitrato. 38-5 ji.c. 
flour, 1 p.c. jMiwdered bark, and 0-5 ji.c. sodium 
oarbonat<e. 

Oarhonite, made by Bichel and Nehinidt of 
Hohlebusck, oiu' of the first and most Hufcessful 
of safety cxjiIosivch for use in liery mines. It 
contains 25-27 p.c. nitroglycerin, 30-35 p.c. of 
a mixture of potassium and barium nitrates, 
and 40-43 p.c. starch and wood meal, witli 
0 5 p.c. sodium carbonate, and 0-6 p.c. of sul¬ 
phuretted benzene. An actual sample contained 
26 p.o. nitroglycerin, 34 p.c. potassium nitrate, 

1 p.c. barium nitrate, 10 p.c. wood meal, 20-5 p.o. 
rye flour, and 0-5 sodium carbonate. 

Kaiax, an English jwrmitted explosive, con¬ 
tains on the average 25 p.c. nitroglycerin, 
20 p.o. potassium nitrate, 5 p.c. barium nitrate, 
84 p.o. wood meal, and 10 n.c. starch. 

Su^ Kolar is of similar composition, but 
to enable it to pass the severer Kotlierham test, 
about 10 p.c. of the explosive base is replaced 
by <inmoniura oxalate. ,• 

Pit-ite No. 2, on the English permitted list, 
contains 23-25 p.o. nitroglycerin, 28-31 p.c. 
-lotiiiium nitrate, 33-36 p.c. wood meal, 
.'-2 p,c, ammonium oxalate, and 2*5-6 p.c. 
water. Limit chaige 32 oxs., penduAirf swing 
2‘16 inches, detonattir No. 6. 

n^emiVe, also made by Biohel and Sabmidt, 
consists of 68 p.c, uitroglyoerin, 20 p.c. kireel- 
gnhr, 6 p.c. potassium nitrate, and 4 p.c. wood 
meal, ^ 

Tulol, on the BMiglish permitted IM, con¬ 
tains on^e aven^ 26 p.o. nitrc^lyoerki, 83 p.c. 
potassium nitrate, 2 p.o, t^um nitiatS, 40 p.c. 
wood meal? anif upf^' Jp*6 p.c. si^um bioar -1 
btmate. . 
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Kyniie is a safety explosive of similar com¬ 
position to carbonito. One analysed sample 
contained 26 p.c. nitroglycerin, 36 p.c. barium 
and potassium nitrates, and 40 p.c. starch and 
wood meal. As licensed, Kyniic condensed con¬ 
tains 24-2H p.c. nitroglycerin, 32-5-36 p.c. starch, 
2'5-3'6 p.c. woo<l meal, 31-5 34*5 p.(;. barium 
, nitraU', and 0-0*5 p.c. calcium carbonate ; the 
I explosive to l)o used only in a non-walcr|jroofod 
; parchinent-])a])er wrajiper. 

I Kohlen-carboniic, a Belgian pcrinilted e.\j>!o- 
sive, contains on th<‘ averagi* 25 p.c. nitre- 
I glycerin, 34 p.c. potassium intrali*, I p.<-. barium 
1 nitrate, .38-,5 p.c. flour. 1 p.c. tan meal, and 
' 0-5 p.c. sodium carbonate. Iviiiiit clianrc 
I tMK) grams. 

Mmite is a similar explosive without the 
j barium nitrate and tan meal. 

Dvalinc contains 50 p.c. lutroglvi-eriii, 20 ji.c. 

: potassium nitrate, and 30 p.c. sawdust. 

; 11. Di/nnmitf.'t wiih a No/hnm Nitia(e MiTime 
\ * liusi' 

I lu' <!ynaiiiiU*s of this class, like tliosi' w’lth 
j an amnuunum nitrate base, an' hygroscopic. 

I Umlcr damp atmospheric conditions tlx- nitrati^ 

^ (h-liqucsccH, and its solution disjdaccs the nitro- 
glycerin, aud causi's it to exude These dyna- 
I miti*s are consi'quently liabh- to Ix-oomc dangcr- 
1 ouH, and althoqgh largely used elsewhere, were 
; for a long time not licensed in England. Several 
; c.xamples both of this and the amnionnini 
I nitrate class Iiavc, however, recently licoii 
I permitted. ^ 

; Judmn powder is an exjilosive W'hich has 
: l«i™ larircly hhocI in (lie .stalw m ciimrrv- 

I iiiK ami milway work; il ia a rouglily mac'lc 
I Modiiim nttrate bloHting i)ow(i,T. Ike (grains of 
j which are ceafed witli nitroglycerin. 'J'h(^ grade 
' R.H.r. iH tiic one most conimoidy used, and js 
Bold at the price of eommon Baltpetre blasting 
powder; it is eoniposed of sodium nitrate fi4 p c 
sulphur IB p.o., cannel eoal l.’i i>.r., nitro- 
glycerin fi p.c. The nitrate, sulphur, and coal 
I are thoroughly muted in fine powder, and tlic 
i mixture heated on a pan by steam under pres- 
I sure, and cojstontly stirred nntil the sulphur 
I molts. The mass is then allowed to eool, when 
' it ia found agglomerated in grains, which are 
sorted by sieve* and coated with nitroglycerin 
I by stirring. The object of eoating the powder 
j grams with the* nitroglycerin was to promote 
[ the quickness of explosion. It is exploded by the 
^ detonation of a primer of Giant or Atlas powder 
, These low-grade dynamites are readily detonated 
1 even in the coldest weather, probably owing to 
I their loose and ojwn texture. Abbot (t>. mvra) 

I found the intensity of action of the R.R.p 
' grade, exploded under water, to be 38-39 
kieseiguhr dynamite No. 1 being 100. Other 
brands now in use with their jiercentoges of 
■itrmflyeerin are: F. 10 p.c., F.F. 18 n c 
F.F.f. JO p.c.. DbI,Ex. 27 p.c.. and Tpl.^i'x’ 

33 p.c. 

Oianlpo^er No. 2, supplied by the Atlanlae 
Giant Powder Company, and composed of 
nitroglycerin 36 p.o., potassium or sodinm 
nitrate 48 p.c., sulphur 8 p.*., resin, powdered 
ooal or charooal 8 p.o. Kxfdoded^deir water 
its intensity of action was 83 psT <rf that of 
dynamite No. 1. A more modem nemnmiMn. 
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S p. 0 . kua^giihr, and 6 p.b, 0 ttlphtir. Then) an 
six or BLore o^er brands with percentages of 
nitiwlyooriii varying from 20 to 

VigonU oontmns 30 p,o. nitroglycerin, 60 p.c. 
sodium nitrate, 6 p.c. charcoal, and 5 p.c. 
sawdust. 

Fufeoa powder was tised in some of the 
earlier blasting work at Hellgatc, New York 
Harbour. The usual trade oxplosivt*, of the 
composition nitroglycerin p.c., sodium 
nitrate 52*5 p.o., cnareoal 10*5 p.c., sulphur 
7 p.c., fired under water gave intensity=78 p.c.; 
and a- No. 2 sample containing 35 p.c. nitro- 
glycerin, gave intensity = 82 p.(‘. eom])ar(Ml with 
the usual standard (Abliot). 

JAthofractetir, invented by Kngels, and made 
by Knbs A: Co., of (Jologne, is said to consist of 
55 p.c. nitroglycerin, 21 p.c. kieselgulir, and 24 
p.c. of charcoal (bran or sawdust), banum 
nitrate, bicarbonat<* of soda, {H>roxido of manga¬ 
nese, and sulphur; the latter ingredients m sucli 
proportion as to give the iiighest temjK'rature 
and greatest quantity of gas. * Stated to be 
nearly equal in intensity to kieselgulir dynamite 
No. i (Bdekmann, Die explosiven Stotle). One 
sample gave on analysis 52 p.<'. nitroglycerin, 
JIO p.c. kiueelguhr, 12 p.c. powtb;red coal, 4 p.c. 
sodium nitrate, and 2 p.c. sulphur; anotlier 
sample contained 70 p.c. nitroglycerin, 23 p.e. 
kiesolguhr, 2 p.c. powdered coal, and 5 ji.c. 
barium nitrate. This exploKive was formerly 
on the list of ‘ authorised ’ (‘xplosivcs, but is 
not now used in this country. 

Lifjnin dynawt/rs. In the Unitcil States, 
large quantities of nitroglycerin preparations 
are used in rock-blasting, consisting of nitro-! 
glycerin absorbed by a mixture of wood pulp (or 
of sawdust in some of the lower grades) and a 
nitrate, usually sodium iiitrati*. For the com¬ 
plete combustion of wood with formation of 
sodium carbonate, about 2*5 parte by weight of 
sodium nitrate are required to 1 of wood. : 
General Abbot, in 1885, says, ‘ I>ovclo))ment in | 
the United States is at present most actively I 
directed to the dynamites with explosive bases, | 
economy being sought in making use of the least, 
possible percentage of nitrog^c^rin. ’ At the 
present time these dynamites are very largely 
used under the name Straight iJymmitejt. 
They are graded as of 10 p.c., 16 p.c., 20 p.c,, &o., 
up to 76 p.c. strength, according to the per¬ 
centage of nitroglycerin they #contain, but the 
actual nitroglycerin content frequently varies to 
a considerable extent from the nominal. The 
sodium nitrate content varies from about 16 to 64 
p. 0 ., the wood pulp from 8 to 20 p.c., and the 
moisture from 1 to 3 p.c. Calcium or magnesium 
carbonate is usually present to the extent of about 
1 to 2 p.c. For the lower grades the combustible 
matter frequently contains flour and sulphur in 
ad^tion to the wood pulp, but sulphur is 
objectionable in dynamites to be used under* 
ground, ovring to the sulphur dioxi<te nraent in 
the products of explosioif. Their velocity of 
detonation varies with the percentage of niti^- 
glyoerin, being, in metres per second, about 2100 
lor the 10 p.c., 4200 for the 30 p.c., 4800 for 
tile 40 p. 0 ., mid 61W0 for the 76 p.o. 

lignin dynandtes are liugefy manufactured 
y the Ci^pll' Eimlomves Works and used in 
SoBth Afri^ un^ tiw name Ligdyns, "they 
detonated with No. 6, 0*8 gmm, 


detonator, and this apparently biinge out their 
fall poorer { but it is more usuaTto use a No, 6, 
1*0 gram, detonator, as the aotimi is then more 
oertmn. The ligdyiu can still be detonated 
when fr^en, but their full force is not attained. 

Atias powder ifiay bo taken as a type of 
several American propao'itifions. It ooosists 
essentially of sodium nitrate, wood pulp (or 
sometimes of sawdust), m^nesium carbonate, 
aud nitroglycerin. A series of grades is made, 
containing 75 p.c. to 20 p.c. nitn^lycerin. 

Abbot ex))crimcntcd with two grades, A and 
B, of Atlas {A>wder ; they were composed of: 

Orede A Grade B 

Sodium nitrate . . 2 34 

Wood fibre ... 21 11 

Magnesium oarbonati' . 2 2 

Nitroglycerin . . 76 50 

Fired under water, the intensity of grade A was 
just that of an equal weight of kieselgulir dyna- 
niitc No. I (75 p.c. nitroglycerin); whilst the 
intensity of Atlas B was «= 90 p.c. of the same 
standard (Abbot, Addendum Ii. to Report on 
Submarine Mines). Grade A shows no economy 
in nitroglycerin over ktesclguhr dynamite of the 
same }K'ri-entago, probably owing to the too low 
ratio of sodium nitrate to wood fibre. Grade B, 
in whicii the ratio of nitrate to wood is that of 
complete eoinbustion, shows a great economy in 
nitroglycerin. 

Abel found (by the load cylinder method) the 
intensity of an Atlas powder of American make 
to bo KHl, kiesolguhr ^namite No. 1 being*sl00. 

Hercules ptnvder nos essentially the same 
composition os Atlas |^wder. Seveirai grades of 
it are made in the United States, containing 
from 76 p.c. to 20 p.c. nitrcwlycerin. Some 
years since, two grades were tried by Abbot, and 
fired ^mder water* their composition and 
intensity of action were : 

No. 1 No. 2 

Nitroglycerin . . 77 p.c. 42 0 p.c. 

Sodium nitrate . . 1 „ 43*6 

Wood pulp . . 2 „ 11*0 „ • 

Magnesium carbonate . 20 „ 3*6 „ 

Intensity . 106 83*0 

(Kicselguhr dynamite No. I being = 100). 

Similar American lignin dynamites this 
class are the various Oiant ‘powders, with quan< 
titics of nitroglycerin, varying from 20-6u p.o. 
(exclusive of giant powders 1 and 2 already 
mentioned); Safeiy nitro 'powder, containing 
6!) p.c. nitrc^lycerin, 18 p.c. sodium nitrate, 
and 13 p.c. wo^ pulp; Heda powder, made in 
seven grades, containi^ 76-20 p.c. nitrc^lj^ierin; 
Miner H friend, aqd others. f 

Rhexiie is manufactured by the Borlmnstdn 


decided wood, and 7 pvc. wood meai. .q 

Adb’fs as licensed by the Home Office, tiMH 
explosive contains d4*-68 p.c. ammonium nitrate, 
13-16^.c. sodium nitrate, 6*6-'8'6 nitrqglyeeriiL 
6‘5-8*6 trinitrotoluene, 3-^ p.c. wood zn^, tad 
0*5-1 *5 p.c. moisture, used in a stou| pa{>^ 
cose waterproofed irith oereein and wax. 

Ad. 2 k*a vai^pty thk erqdoeive 
con^nmg sodium nitrate instead of juptawiian 


nitrite, land in which about 12 ^ el tike 
exjdosive him is repl^edii^ sijjiBaia lAterid a . 
Some forms of C^himUe oDsta^ eat^nin 
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nitrate inAt^ of lutre.. Cwd carhmUtu 1. and 
H. contain rcfpcotively and 30 p.^ nitro¬ 
glycerin, 30*5 and 24*5 p.c. sodium nitrate, 39*5 
and 40*5 p.c. rye tioiir (containing about 2*5 p.c. 
water), an<] 5 and 5 p.c. pitsHsiiim diohromato. 
Carbonik I.A (^ontaioH sodiifm chloride instead 
of potassium dichromate. 

Phaenir jMwiIrr.H resemble the above forms 
of oarlx)mt<5. They are manufactured in various 
braruis: 


Nitniglyconn , 

1. 

30 

IT 

25 

Jfl^ 

25 

Sixlium nitrabi . . 

30 

1 

35 

Barium and iKitassium 
nitrates 


34 


Hye flour 

Wood meal . 

40 



__ 

40* 

— 


100 

100 

100 


Sometimes a Jittlo iutroe(»t(on is aihit'd ti 
gelatinise the nitroglycerin. 


iii. Df/namitrs with an Amntonium Nitratr 
Mixinrr JUm-, 

Avvmvnia dynamite was a nitroglycerin pn*- 
paraiion proposed and jiatented in 1872 by 
Ohlson and Norrbiti. which consisted of intro- 


dynamites,’ so as give comparable strengths. 
Their velocities of deikmation increase with the 
strength, but, as would be expected, are lower 
than those of the coircsponding ‘straight 
dynamites.’ According to C^imey, the velocity 
\ 01 detonation of the 30 p.c. grade is about 3500, 
i the 40 p.c. about 4100, and the 50 p.c. about 
; 44(K) metres jK*r second. Hls result for the 
' 00 p.c. strength was an(*malouN, being only 
3000 metn*s per second. 

! J>u Pont PertniHsibh A’o. 1, manufactured in 
the Unit(‘d Stateis and on tlic LngJish permitted 
list, contains 9 p.c. nitroglycerin, 08 p.c. am- 
i momum nitrat**, 8 p.c. wood piilj), and 15 }>.<■. 
1 sodium chloride. Limit cliargc 18 ozs., pendu¬ 
lum swing 2*82 inches. 

' Haijhie So. 3, manufactured by tlio National 
i ICxplosives (’o, and also on tlie permitted list, 
' contains ajjproxirnatoly J)-5 p.c. nitroglycerin, 
; t)0 p.c. aniinonium nitrate*. 5 p.c. wood nioai. 
I 10*5 p.c. sodium chloride. 5 p.c. anunomum 
: oxalaU*. and 1 ]).c. imusturc. Janiit charge 
10 07.S., pendulUin swing 2*44 iiu lies. 

Most modern dynamilw containing ammo- 
niura nitrate also contain nitrocotton. wliicli 
siTVPs to jirotect them from the ai'tion of 
moisture. ^ 


glycerin 10 {i.o. to 20 p.c., auiruonium nitrate 
80 p.c., charcoal (> ji.e. Tlic material is deb- 
((Ueseent, and paraOiri was added to tiio mixture 
Ui waterproof it. llerthelot stat;Cs that practical 
t-ests have shown ordinary dynamite of tIO 
p.c. nitixiglyeerin, and the prx'paration consist¬ 
ing of 75 p.c. ainrnoniiim nitrab*, 3 p.i*. char¬ 
coal, 4 p.c. paraflin, and 18 p.c. nitroglycerin, 
to bo approxiinakdy equal in intensity of 
action. 

Tn 1873 the British Dynamite (’o. (now 
Nobel’s Explosive Co.) submitt<‘<l two Humpies 
of ammonia dynamite to the special War Onioc 
Committ'Ce on Cluncotbm, Ac., containing ro- 


I iv. J)i/namile.<i inlh a Barium Silialt- Mixture 

I ' 

i Some dynamitic, for oxamjiie. ‘ Ilavlite 

No 1,’ ‘ Kolax,’ aixi ‘'I’utol.' cont.ain Iianuin 
nitrate in adnii.xture with (itlier oxygen salts 
in their base. 

Sitio Diimitf is an English jieriuilli'd e.xplo. 
sive containing 17-19 p.c. nitroglycerin, 24-20 
p.c. barium nitrate, 4-() ji.e. wood meal. 24 27 
]».c. starch, 22 -24 p.c. Franch chalk, and 2- 5 p.c 
nuiisture. Jdmit charge 28 ozs., js'iiduhim 
; swing 1 *47 in<*hc8, detonator Nt>. (>. 


spectivoly 18 and 13 p.c. nitroglycerin, 75 and 
7v p.n. ammonium nitrate, 4 and 7 p.c. paraffin, 
•&na 3 and 10 p.c. cliarcoal dust. They were 
unfavourably reported on, on account of the 
poasibility of exudation of nitroglycerin on 
storage, due to the deliquescent nature of the 
ammonium nitrate. As jx'rnntted for manu¬ 
facture in this eountiy*. Nobel's ammonia 
powder had the competition : 

Mo. 1 Mo. 2 

Ammonium nitrate . 82 89 p.c. 78-82 p,c 

Nitroglycerin . . 7-9 „ 9 11 „ 

Wooamoal , . 9-8 „ H-IO „ 

Moisture . . 0-5-2 „ 0 5-2*5 „ 

A recent sample of Pulnenfhnt ammontum 
dynamite contained 20 p.c. nitAiglycerin, 25 p.c. 
amfhonium nitrate, 30 p.o. sodium nitrate, and , 
19 p.o. dry r^ flour. I 

* Ammonia dynamites,’ in which part of the { 
nitroglyoerin in the earlier lignin dyn*nitt<t is | 
replaced by ammonium nitrate, are used to 
some extent in the United States. Tb^ are I 
graded in per cent, strength like the more 
usual simplo nitroglycerin mixtures. The nitro¬ 
glycerin and ammonium nitrate are present in 
roughly oqued proporiiiona, 4nd tbe sum ^f their 
Ijercenta^ps corrasponds to the grade sTreni;^ 
m tbe lower grades, but in the hub^ grftd€« 
their combineiU pof^entages are^ somewhat 
hjgher than that of nitro^lyocsin in the ‘ straight 


V. Dynamiter with a Chlorate Mixture Bane. 

Although the sulwtitutlon of a chlorate for 
a nitrate mixtun*, as an absorbent for nitro¬ 
glycerin, inercoscH the power of tlic resultant 
; explosive, it adds to the cost, and fhe explosives 
possess the (fail^crouR propert-ics inherent in 
! ehloraW mixtures. They art' not used in tliis 
country. 

i An early example of this class of dynamite 
1 was proposed by. Horsley, in 1872, in which a 
mixture of finely ground gall nuts and potassium 
chlorate, in the proportion of 1 to 3, was im¬ 
pregnated with 20 p.c. nitroglycerin. 

Some modem grades of the American 
I Hereuka powdera contain potassium chlorate 
' and sugar instead of the older wood pulp, their 
comjKisition being: 40-75 p.c. nitroglycerin, 
1-10 p.c. sugar, 1-3*5 p.c. potassium cMorate, 
2~30 p.c. potassium nitrate, and 10-20 p.c. 
m^neeium carbonate. 

vi. Dyttamiteg triUi a Perchlorate Mixture Base. 

Several exjdosivee conimning a considerable 
proportion of nit^lyoerin, p^ly gelatinised 
with a small quantity of soluble nitrocotton, and 
with a mixture of potassium perchlorate and 
wood meal as a base, have dmnng the last few 
years passed the English teste aofd have been 
placed on the list of permitted explosives, 
^ese Imve been dossifled Mparately, as they 





vfaaraofcwiBvd by Uie perohior»te, thoagb 
if bdong ^ VlII. 

Ajumnwitim eiiaiate k present as » cooling 
at iiMtead of the previoualv more common 
tmoodam nitrate, and this obviates the fault 
' hvgrosoopioity. The smaU proportion of 
bMfdrooarbon frequently present is not 
isaded primarily as a combuBtibie. but ia 
dad to lower the freezing-point of the nitro- 
jmeriiv 

The method of manufacture is to first sift | 
u perchlorate, oxalate, and wood meal, the j 
^ former through a 50-I00>mesh sieve, the j 
kter Uirough a ^-OO-mesh sieve, roughly mix | 
pern by hand in a pan, then to pour over the ! 
fixture the partially gelatinised nitroglycerin, ; 
md again roughly mix. The hnai incorporation ; 
I earned out in a nitrogelatine incorporator at ' 
> temperature not above 30". 

Ajax powder contains on the average 22‘5 
>.c. nitroglycerin, 08 p.o. soluble nitnieotton, 
7‘2 p.c. potassium porciilorate, 25 p.c. am- 
aonium oxalate, 11 p.o. wood Aieal, and 3-5 p.c. 
li- or trl-nitrotoluene. Limit charge 12 
lendulum swing 2-69 incht's. 

Dynobdf manufacturer! by Nobel's Kxj)lo- 
ives Co., contains 31 *5-33*5 p.c. nitroglycerin, 
)‘6-l p.c. collodion cotton, 20-28 p.c. potassium 
K*rchloratc, 28‘5-30-5 p.c. ammonium oxalate, 
[•5--10-5 ]i.c. wood meal, and 0-1 -5 p.c. moistuin*. 
jimit charge 22 oiss., pendulum swing 2't»l 
nchos, detonator No. (i. 

Neorud is manufactured by the New Explo- 
ivos Co. in two varieties. Ncoiuil contains 
50-22 p.c. nitroglycerin, 0-5-1 *5 p.c. colloriion. 
lotton, 30-38 p.c. potassium perchlorate, 24-2(5 
i.c. ammonium oxalate, 14-lti p.c. wood meal, 
>-0'4 p.c, di- or tri-nitrotf»lueno, and 0-2 p.c. 
noisture. Limit charge 16 ozs., pendulum 
iwing 2-56 inches, detonator No. (>; and 
Vcoiiof No. 1 contains 40 p.c. nitroglycerin, 
2*8 p.c. collodion cotton, 14 pc. potassium per- 
ihlorate, 39 p.(\ ammonium oxalate, and 5 p.c. 
svood meal. Limit charge 30 ozs., pendulum 
iwir^ 2*51 inches. 

owale potcfier is, on the average, a mixture of 
19 p.c. nilax^lycerin, I p.c. soluble nitrocotton, 
17-5 p.e. pot^ium perc-hloraref 10-6 p.c. wood 
iDoaf, 28 puc. ammonium oxalate, and 4 p.c. 
Ji- or tri-nitrotoluone. Limit charge 20 ozs., 
aendulum awing 2*50 inches. 

di. .Dynamites containing a Nitro Derivative. 

CaHdlanoe powdtr was an early dynamite 
af thk class which contained nitroglycerin, 
nitrobenzene, fibrous material, and kieselgiihr. 
it was claimed to bum easily and rapidly without 
a^osion, and to bo less liable to freeze than 
srdiiiMy dynamite. 

Many dynamites contain a small proportion 
uf nitrohydrocarbon, added simply for the 
purpose of reducing the freezing-point of the 
Eutroglycerin. * 

Nkxite^ already mentioned, coiltains tri¬ 
nitrotoluene, 

MdUn^ -^ider, an expletive on the English 
permitted list, oontains 4-6 p.c. nitroglycerin, 
^7 p.c. trimtu^uene, 51-55 p.c. ammonium 
ttitoate, Il-I3^.c. sodium nitiate, 8-5 p.c. 
vood meak 18-^ p.c. ammomum oxidate, Mid 
ttp to 2 p. 0 . moktote. linut charge 12 ozs., 
pondnhita swing 2*62 detonator Ko. 6. 

voL.nt—f*, § 


AnUgd de the ponnUkd 

Ust, contains 25 p.o. nitK^iyeeRU mm i5 p.e. 
dinitroWuene, with sodimn nitrate, wood UMal. 
and a tittle ammonium mdphate. 

viii. Dynamites containing Nitric Esfers. 

The nitric ester almost invaiiably used k 
soluble nitrocotton. 

Blasting gdatin. Owing to the tendency of 
nitr^lycerin to exude from the dynamites eon' 
t aming a base of either kieeelguhr or an explosive 
mixture, Kobel continually experiment^ til 
the direction of thickening the nltroglyoe^ by 
dissolving some substance in it; preferably an 
explosive. He tried guncotton as early as 1867, 
but it w,as not until accident led him, in 1875, to 
try collodion with the assistance of a solvent, 
that the problem was solved. He found that 
7-8 p.c. of collodion* cotton could be dissolved 
in nitroglycerin to form a plastic jelly which 
was imjierviouH to water (Fr. Pat. 100384; 
Eng. Pat. 4179, 1876). Subsequently, Nobel 
found that warm nitroglycerin would itself 
dissolve the collodion cotton without the assist- 
anco of a solvent. The resulting explosive was 
known as ‘ blasting gelat in ’ or * ntirogelatin.' 
Jt has been mentioned that nitroglycerin con¬ 
tains an cxcces of 3*62 p.c. of oxygen above 
that re<[uired for the complete combustion of 
the carbon and hydrogen of the nilri^lycerin; 
this oxygen is utilised in effecting the complete 
combustion of the nitrocotton, itself deheient 
in oxygon. The composition is eonsequenUy 
most powerful, and it is also proof Matiuit the 
action of water. For the purpose or blasti^ 
hard nick, this class of dynamite has now 
practically displat^ed the previous types of 
dynamite in England and most continental 
countries. 

Osnnposition. —The relative proportions of 
the two mgredionts varj* somewhat. Blasting 
gelatin was first experimented with on the large 
scale in Austria, and the usual proportion ^ere 
is 7 p.o. nitrocotton to 93 p.c. nitrogly^im 
TIk' same projiortions are used in Germany, S 
England and Switzerland, the nitrocotton varies 
between 5 and 10 p.c., usually about 7 p,c. 
With only 4 p.c. nitrocotton the resultant 
product is a thin liquid jolly. In Italy 8 parts 
of nitrocotton are dissolved tit W) parte oi 
nitroglyc-erin, with the aid of methyl alcohd. 

The nitrocotton used is the so-ealled collodion 
cotton or soluble nitrooellulase, which should 
bo as dry and as free from insoluble nitrocotton 
as possible. It should have as high a nitrenea 
content as is compatible with com{uete solulmtty i 
in nitroglynewn. The nitrocotton, for thk 
purpose, requii^ vorv special preparatton, and 
even now the oonditioiui are not peiteot^ 
understood fur the preparation of a nitrocotton 
fulfilling the above requirements, and also 
giving a perfectly stiff and dry blasring gdftttii; 
that will not exude nitroglycerin when stoiod 
in hqt climates. A nitrocotton of the oonect 
type is, however, essential: stiffening by the 
edition of more nitrocotton a pogft 
is of no value, as the geli^in rewaln og, ffbowh 
hai^when first dUuinfaotured, sa^^i^ fliiliiiiilni 
ates, and exudes nitroglyoeiin 
eijpeoi4l% in. hot cltinates. It if' 
stabitisecr by the addkiiio ol in to 
odcium or magnesidfei osrbonote. * 
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qtiaiiUty mineral |eUy w immeUmee added 
tor iim same pufpoee. 

Manufacture .—In the proparatioa of small 
quantities, the wmghed charge of nitroglyeerin 
U intr^tioed into a square, }ackoted copper or 
load heated by the circulation of hot 

water. When the nitroglycerin is hot, the 
ohi^e of finely divided and thoroughly dried 
collodion cotton is gradually added, the mixture 
being stirred with a wooden paddle from time 
to Umc for 2 hou» until the gelatinisation U 
complete and the jelly in the tanks is semi- 
traaB|)arent. The mass is then kimaded by 


some produote than in others., iiiixudation hai 
iraquently been tisoed to the use in ihanufacteP 
of nitrocotton contaliung even small proporticmi 
of moistare. It usually shovra drst as a narrent 
line of free nitrogiycezin rdong the edge of tin 
inner fold of the wrapper. In the frozen state 
bbsting gelatin is more sensitive to shock; i 
ride bullet can be fired through any numbe; 
of unfrozen cartridges without exploding them 
but similarly fired through frozen ca^ridge 
never fails to cause their explosion. In th* 
frozen state it is even more sensitive thai 
ordinary dynamite. For purposes of manipula 


hand' until perfectly uniform. By using ! tion, it is usually considered necessary to thay 
mechanically worked wooden paddles revolving | frozen cartridges before using them, and this i 
very slowly, a charge of 2 cwts. of the explosive | carried out in the same ap^ratus and with thi 
can bo thoroughly gelatinised in about* 1 hour. I same precautions as with kieselguhr dynamite 
The tomiierature of the nitroglycerin is usually I The trausmission of detonation through unfrozei 
kept between 85" end 40" ; occasionally, tom- | bbtsting gelatin is much slower than througl 
peraturos approaching 45‘'-50" are used, but either nitroglycerin or dynamite, but the frozei 


the operation becomes very dangerous at tiie 
higher temperature, and this is only used undov 
exoeptiunm circumstances, when the solution 
of the nitrocottoii is sluggish, usually due to 
Uie nitrfiootton being damp. 

On a larger scale, the knetKling is done 
mechanically. The apparatus in use at Anlcor 
at the time is d©scnl)cd by McKoberts in a 
paper read before the iSociety of (Jhcinioal 


gelatin cartridges appear to detonate as quickly 
as those of dynamite. Blasting gelatin canno 
bo exploded in tqams m the ojien like dynamite 
but it explodes readily when confined m bore 
holes, and its comparatively slow dciunatiui 
makes it especially useful in blastmg soft rock 
Hot ween sU»ol and sti^ol, blasting gelatin explode 
under a blow of 25*3 fpot-lM. 8oft blasting 
I gc'latin luw been exploded b<<twoon brass plate 


fnaustry in May, 1H9U (J. Sue. Chem. Iiul. 18110, | by a 5011). weight falling 12 feet, the heigh 
2H7), but most fai’lories now use the ‘ nitro- : required when the blastmg gelatin was frozei 
universal incorporator' kneading machines of j being only 1 foot. From experiments made a 
Werner, Ffleiderer, and I'erkins, such as arc used i Ardcer. it was found that while kiesolguh 
in the manufacture of smokeless powders {q.v.). dynamite No. 1 could be unfmlingly explodei 
The U 80 of a solvent such os methyl alcohol, by a detonator i^ontaining 0'06 gram of caj 
ethyl alcohol, acetone, or acetic ether does |*inixturo (70 p.c. mercury fulminate and 3( 
away with the necessity for heat in the process, | p.c. potassium clilorate), tlio least quantity re 
a.nH also renders the explosive less sensitive ! quired to detonate the best blasting gela^ i 
and lees liable to freeze, but the explosive ; 0 2 gram ; and if tlie latter is bough, with ai 
power of the pi-oduct is also lowered the ; extra proportion of nitrocotton {e.g. with 9 p.c 
addition is not usual. i or 10 p.c.), it foils to detonate completely evei 

The gelatin paste whilst still warm is finally | with a 0-8 gram charge of cap compositioi] 
worked uito cartridges by some form of Archi- ; 1’ho velocity of detonation varies with the com 
medwn screw machine, the mass being too stiff position and physical condition. With a 20 
for the presses used for ordinary dynamite, such . grain detonator, (Forney found that the velooit; 


as that described by McRoberts (/.r.), the 
result'ing rod of gelatin being cut across by 
bronzeicnives into cylinders of the reciuisitc 
leoigth, 8-4 inches, anil wrapinwi in parchment- 
or paraffined paper. 

Cooking .and Kynoch, Ltd. (Eng. Pat. 28178, 
19U), manufacture blasting gelatin from wot 
nitioootton, containing 20--30 p.c. water, by 
with the nitw^yccrin at a temperature 
^ of 40®-6O". The water is driven off by drawing 
" tik© produot to and fro between two chambers 
through narrow-iameter jacketed tubes heated 
to the desired temperature. ' 

ProperfiM.—Blasting gelatin is a translucent, 
dastio semi-solid of li^t-yoUow colour and of 
8p.gr. 1‘55 to 1-69. It does nert deteriorate by 
submoi^nco in water, though it beoom^ jwdor 
in colour and more opaque, water not se^roting 
the nitat^lycerin—an aavantage over kieselguhr 
dynamite No. 1. It freezes at low temperattues 


of detonation rapidly rose from about 2000 nea 
the point of detonation to about 6800 metre 
per second. ViAer poor confinement th 
detonating wave is subject to a steady loll oi 
after reaching a maximum, and a sudden sto; 
may occur if there is any break in the oontinuit' 
of the explosive. Soft plastic products ar 
more easily detonated than hard elastic ones. 1 
is necessary, therefore, in order to got unfailin 
detonations with tough blasting geUtin, to us 
m actual mining a detonator with at leas 
1 gram of cap composition, or to use a dynamit 
pnmor. Blasting gelatins which are of normi 
consistency when first manufactured, are liabl 
to become hard and insensitive on ston^. Th 
opinion usually held is that blasting gelatin ha 
a webbed structure, emd that the product i 
not sufficiently son^ve unless a oonsiderabl 
proportioit) of the nitroglyoerin exists in ih 
ungelatinised condition between the webs 


but while some oartridgi freeze readily at about i io%. Hargreaves, who first propounded th: 


S" to ‘others ore sometimsB found which are 
not fcoieo by 24 houis’ expoaon to the tempero- 
tui* of a mfeure of io# and salt. If wail made, 
ge&tin exndM no nitroslycerig ewiD 
after repeats (pse^ag Hid thawing, hot 


^_ 


theory, oonsiden that blasting gelatin k ba 
made by firet forming a jdly with part of th 
nitroglyoem, and then adding‘'tiie mnaind. 
without gehktinisatian. He olahnas that th 
pradnot mannhaotand hi thk way doei w 
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,-^Njld(M>oy io «xiide wadtac wurm storage con- 
Tks hewiening «ad iasecsiUTCsiees 
OMHAy devefeped oft stos^ sdiich appeer to 
ta^ piftoe most readily at moderate tempera* 
tores, are aUaibuted to the slov absorption of 
the free iutrogl)^rin by the ooliodion cotton. 
In small quanuwe, blasting gelatin bums* away 
in the open without explosion. When gradually 
heated up. it explodes at about 204°; on rapid 
heating, it explodes at 240°. Blasting gelatin 
containing camphor cannot be exploded by 
gradual hating, but bums quickly away (Hessjii 
The addition of camphor (about 4 p.c.) to 
bisating gelatin deadens the sensitiveness of the 
latter to shock to a voiy remarkable extent. 
Rifle shots will not explode soft blasting gelatin 
containing 4 p.c. camphor at a distance of 150 
paces. Bertholot attributes this effect to a 
certain amount of elasticity and solidity caused 
in the gelatin by the added camphor, on account 
of whicQ the oneigy of the shock of the detonator, 
and the heat into which some uf it is converted, 
are imparted to a much greater mass of sub- 
stance than when no camphor is present—a 
condition unfavourable to a sudden and local 
rise of temperature. Before the introduction of 
* eorasite,’ blasting gebitin containing 4 p.c. of 
camphor was used in Austria for military 
purposes as a high explosive. In Italy, 5 parts 
of camphor were added to 100 parts of nitre- 
gelatin coutainiog 8 p.c, of nitrocotton. 'rhesc 
mixtures were so insensitivo to shock that a 
special primer had to be used—in Austria, a 
mixture of nitroglycerin and nitrohydrocelluloao; 
in Italy, guncotton. The French ‘Dynamite- 
gomme, extra forte/ is a blasting gelatin con-' 
taining 7-8 p.c. nitrocellulose. 

Abel found (by the work done in expanding 
the boro of a lead cylinder) the intensity of 
action of Nobors blasting gelatin to be about 
160 when a sufliciently strong detonator was 
used, kieselguhr dynamite No. 1, exploded by 
the same detonator, being equal to 100. Abbot 
found the intensity of the same kind of blasting 
TOlatin, detonatnef under water and referred to 
the same standard, to be 142. Hence it is not 
surprising that, although higbftr^n pric^e, blast- 
^iftg gelatm has to a large extent replaced kiesel- 
gunr dynamite. 

According to Berthelot. the equation for the 
combustion of blasting gelatm containing! 
91 *6 p.c. nitroglvcerin and 8'4 p.c. nitrocellulose, | 
the proportion for complete combustion is : 

6IC,H»(N0,),+.C„H„0,,(N0,), 

= 177C0,+143H,0-f81N, 
TPhe heat liberated by the equivaleut weight, 
12.360 grama, being 19.381 ci^.. or 15^ cals, 
per kila 

I Beat teat. —30 grains of blasting 
geUtin intimately mixed with 100 grains of | 
flVmch chalk must withstand the Abel heat tefet i 
160° for at least 10 minvtes. • | 

lAquefaeti^ teat .—A cylinder, of equal | 
h^ht mid diameter, exposed to a temperature : 
^ 90°F. for 144 consecutive houxs, must ; 

oi nfrish in height more tiian one-fooxth of j 
iw or^^nal hei^t. uot lose the shaipness of i 
itsedgai. , J 

iSamdotioa aubfs^iig. three times 1 

' to ateeaukte freeiitiff and tiiawing, 

9m tit-tile m svbstimoe pi a; 


less consistency than‘the bidk attuit st^ante 
OBk • 

Although suitable ia tumdOiiig for hbstkig 
hard rook and lor military purposes. blastiBg 
gelatin is too local and violent in its efltists loe 
most mining operations, and various modifitftk* 
tions were soon made to reduce its po#m'. The 
usual way of doin^ this is to mace a thinner 
gdatin and knead it into an absorbing powdsr. 

earlier absorbents were usually a mixture (cd 
wood pulp or rye flour and eitiier potassium or 
sodium mtratc. Many recent continental dyna< 
mites of this class contain ammonium nitrate, 
the explosives being then more powerful. The 
manufacture of these dynamites, which are also 
cheapcr'tban blasting gelatin, is essentially tha 
same as that of blasting gelatin. 

OekUin dymmitt^ made by Nobel’s £xplo< 
sives (company, consists of thm bl|usting gwdhi 
mixed with wood meal and potareiuin mtrate. 
Its composition is : gelatinised nitroglycerin, 66 
p.c.; potassium nitrate, 26*25 p.o.; 8*4 p.c. Wood 
meal; 0*35 p.c. soda. The gelatinised nitro*' 
glycerin consists of 97*5 nitroglyt^irm and 
2*5 p.c. HolulUe nitroceiluloae. Ka usual, the 
proportions of the constituents va^ in diflereni 
samples : another gelatin dynamite contoimsg 
nearly 80 p.c. gelatinised nitroglyceri^ of about 
blasting gelatin composition, 16 p.c. nitre and 
4 p.c. wood pulp. As made at Ardeer, the 
finished explosive is of pale buff colour and is 
very elastic. Abel, by the lead-cylinder method, 
found its intensity of action, when suitably deto¬ 
nated. to be 127 and 123 (mean 125). ordiniuy 
kieselguhr d)*namite being 100. 

The French ‘ Dynamite-Gomme.' ‘ Potaaie.' 
and ‘ Soude ’ contain 82-83 p.c. oitroglyoeri^ 
5-6 p.c. collodion cotton. 2-3 p.c. wocm meal, 
and p-lO p c. potassium nitrate or sodium 
nitrate respectively. 

The manufacture of dynamites of this class 
with wet collodion cotton was patented 1^ 
Schacbtebcck (Ger. Pat. 172651, 1905}, the wat 
nitrocotton being treated with glue, dextrin; 
starch, or similar substance to absorb the 
moisture. An example given is 60 p.c. nitro¬ 
glycerin, 7 p.c. coilimlon cotton containing 85 
p.c. water, 3 p.c. glue, 7 p.c. wood meal, 20 p.e. 
sodium nitrate, and 3 p.c. ammonium nfl/rate. 
The Soc. Dynammit Akt. Ges. (Fr. Pat. 333443, 
1903) suggests the use of carbohydrates soiofcie 
or |)artiaily soluble in water, such as sugar 
starch, dextrin, Ac., in gelatin explosives, a 
plastic instead of a friable jut»iuct with a low 
percentage of niti^lyoerin beu^; claimed. A 
composition givqn is 32 p.c. nitroglycerin. 0*7 p^ 
oollt^on cotton.* 18*5 p.c. dextnn, 1 p.o. voc¬ 
able oil, 35*8 p.c. ammonium nitrate, 3 p,e. 
ammonium oxe^ate, 2 p.o. wood meal, 2 jau. 
sodium ohloricte, and 5 p.c. alum. 

is a weaker modification of gtiatin 
dynamite, its composition being 80^61 ptU. 
mtrcwlyoerm, 4-5 p.c. mtcoootton. ^-9 
wooa pulp, and about 27 p.e. potastium i " 

This explosive is very l^ely used. F 
quemtly stabilised as in the ease of ^ 
gel^m An estimition by Abti <4 iti i 
of aou^ suitably detonated in a* i 
mtites i| IW. SA the aame as tiie / 
guhr dyftukite Na i. # # « . v 

oont^ H p-9. 3 ^ 
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cotton, 26 p.c. HodiuDO nitrate, and 8 p.^ wood 
meal. B’pfAdsec, or -soudre, contains about 
67 p.c. iiitroglyi'erin, 2'6~U p.e. collodion cotton, 
tt-8 p.c. wood nical, and 32-34 p.c. potaBsium 
nitrate, or BotUum nitrate, and Uomme E con¬ 
tains 4» p.c. nitroglycerin, 2 p.c. collodion 
cotton, 38 p.c. potaBHium nitrate, 10 p.c. wood 
mc^l, and 3 ji.c. flour. Froni^h ‘ Gelignite ’ con¬ 
tains 58 j).c. nitroglycerin, 2 p.c. collodion cotton, 
28 p.c. potasHiuin nitrate, 9 p.c. wood meal, and 
3 p.c. flour. I 

Ammi/nia gelatin A <’ontains 30 p.c. nitro¬ 
glycerin, 3 p.c. nitrocotton, and 07 p.c. am- 
moiiiuin iiitrale. 

Ammonia gtiignilr contains 29*3 px-. nitro¬ 
glycerin, 0 7 p.c. nitrocotton, and 70 p.c. am¬ 
monium nitrate. 

(irimuliiLC Favier, a French safety explosive, 
contains 2!)-l p.c. nitroglycerin, Od) p.c. collodion 
cotUm, 09-5 p.c. ammonium nitrate, and 0 5 i>.o. 
sodium earbonatin 

, Antigrinon I’ontains 27 p.c. nitroglyiierin, 

1 p.c. nitrocotton, and 72 p.c. ammonium 
uitraU'. 

Arhilc No. 2. an Jinglwh jicrmitted explosives 
contains on the average 32 p.c. nitroglycerin, 

1 p.<!. nitroeelluloHe, 27 p.c. pot-assium nitrate, 
10 p.c. w(H)d meal, and 30 ]).c. ainmonium 
oxalate. J/iinIt charge 40 ovw., ix-ndulum 
awing 2’41 inche.s. 

Forcite.. Although the early American for- 
citoH contained unnitrabnl cellulose, more 
recent Hamples, such as the Belgian, (‘ontain 
nitrocclluloBc, and are simply gelatin dynauntis, 
containing from 40 to 05 p.c. of gelatinised nitro¬ 
glycerin, 4-8 p.o. nitrocotton mixed with w<md 
meal, rye flour or tar, and usually sodium 
nitratis but in some cases ammonium nitrate or 
potassium nitrate ; 1 p.c. magnesia and suljihur 
are also usually pnwcnl. ForcHc atittgrisoufcntic 
oontains 29*4 p.c. nitix^lyi'ertn,. 0'l> ji.c. nitro- 
ootton, and 70 p.c. aininoniimi nitrate. 

Carbogelattn contains 38-5 p.c. of nitro- 
gelatin, 49’6 p.c. nitre, lOT) ]).c. wood meal and 
ohart'oal, and 1'5 p.c. of magiu'sinm carbonate. 

Corrmite conlainH 38-40 p.c. nitroglycerin, 
1-1*5 p.c. nitrocotton, 20-28 p.c. ammonium 
nitrate, 3-‘5 p.c. potassium nitrate, 11 14 p.c. 
ftluinitiiura stearate. 8-11 p.c. rye flour, 2-4 p.c. 
wood meal, 2*4 p.c. liijuid paraflin, and (t-2-5 p.c. 
mokture. 

Duxite. on the English p<‘rmitted list, con- 
taios, on the average, 32 p.c. nitroglycerin, I p.o. 
nitrocotton, 28 p.c. sodium nitrate, 10 p.c. wood 
meal, and 29 p.c. ammonium oxalate. IJmit 
charge 12 ozs.. pendulum swing 2*45 inohi's. 

Two English explosives oi this class on tlie 
permitted list, inanufaeturcKi bv Nobel’s ExpU>- 
sives Company, are Dyndbd Jvo. 3, containing 
14-Ift p.c. nitroglycerin, 0*26-0*76 p.c. collodion 
cotton, 0*6-2*6 p.c. dinitrobenzene, di-^afid tri¬ 
nitrotoluene together, 51-54 p.c. ammonium 
nitrate, <M1> p.c. wood meal, 2^26 p.c. sodium 
oUori<^ 0-1 p.c. magnesium carbonate, and 
^2 p.^. moeturo. limit charge 18 ozs., 
pendt^m swing 2*50 inches and I>yndb(i No. 4, 
a weaker variety, contaimog the same irgredi- 
eote, but nrith less ammonium nitrate and more 
^fodium chloride. limit charge 30 ozs» piWulum 
rawing 2*85 inch&i. t 

Kmz pbteder, an En^h permitted explo- 
aive, contailn 22-24 p.c, n^roglycerin, 0*5-1 *6 


p.c. collodion cotton, 33-35 p.c. potassium 
nitiwte, 33-36 p.c. wheat flour, 5-7 p.c. am¬ 
monium chloride, and 2-6 p.c. moisture, limit 
charge 38 ozs., pendulum swing 2*17 inches, 
detonator No. 6. 

Qmlit is a modem German safety explosive. 
No. 1 contains 30*75 p.c. nitroglycerin jelly, 
5*26 p.c. dinitrotoluene, 7 p.c. somum chloride, 
18 p.c. sodium nitrate, 39 p.c. dextrin. No. 2 
•contains 30*75 p.c. nitroglycerin jelly, 6*26 p.c. 
dinitrotoluene, 22 p.c. ammonium nitrate, 
^1 p.c. sodium chloride, and 21 p.c. dextrin. 

FonhU a similar explosive, contains 24 p.c. 
nitroglycerin, 1 p.c. nitrocotton, 34 p.c. nitro- 
tolucne, 2 p.c. flour, 2 p.c. dextnn, 6 p.c. 
i glycerin, and 32 p.c. ammonium nitrate; to 
j this mixture is added 30 p.c. potassium 
chloride. 

CdUte is a gelatin dynamite, with the addi¬ 
tion of ammonium oxalati^ having the composi¬ 
tion 59-59 p.c. nitr(^ly<’crin, 2-3*5 p.c. nitro- 
eotton, 17-21 p.c. potassium nitrate, 8-9 p.c. 
wood meal, 11-13 p.c. ammonium oxalate, and 
0*5-1 *5 p.c. moisture. 

(ii'lnxde is a similar expUmive which contains 
54-94 p.c. nitroglycerin, 4-5 p.c. nitrocotton, 
13-22 p.c. potassium nitrate, 4-7 p.c. wood meal, 
containing not more than 15 p.c. and not less 
than 5 ]>.c. inoistui*e, 12-15 p.c. ammonium 
oxalate, and J p.c. red ochre. Ochre is sonio- 
I times added to dynamitcB to make them re- 
! Huirihle ordinary dynaimU« in appeamnee. 

ilaghtc No. 1, an English permitted explo¬ 
sive, contains 25-27 p.c. nitroglycerin, 0*6-1 *5 
; p.c. collodion cotton. 19-21 p.c. jiotassium 
' nitrate. 19-21 p.c. barium nitrate, 12-14 p.c. 

' wood meal, 9-8 p.c. mineral jelly, 10-12 p.c. 
ammonium oxalate, and 0'5-2’5 p.c. moistuie. 
Limit charge 10 ozs.. j>endulum swing 2*18 
inches, detonator No. 9, 

ItippUe, an English authorised explosive, 
contains 59-93 p.c. nitroglycerin, gelatinised 
Math a small quantity of collo^on cotton, 
potassium nitrate, wood meal, castor oil, and 
ammonium oxalate, and is stabilised by the 
addition of a little calcium or magnesium 
carbonate, or fliifferal jelly. * 

FdxonitCy manufactured by Nobel’s Ex]ilo-* 
sives (*om])any, was at one time on the permitted 
list, and the most extensively OHcd of safety 
explosives in thiK,country. It contains 42’5'62 
p.c. nitroglycerin, 2*6-5 p.c. collodion cotton. 
16-27*6 p.c. potassium nitrate, 3*6-8 p.c. wood 
meal, 9-27 p.c. ammonium oxalate, and 0-05 
n.c. calcium carbonate. It failed to pass the 
Kotherham test, but is still URi*d for purposes 
other than in flciy mince. 

Sanuiwiite, an explosive ol closer limits, was 
designed by Nobel’s to repla<’e * Saxonite,’ and 
is at present on the permitted list. Its compo¬ 
sition is: 67“60 p.c. nitn^lycerin, 3-4 p.c. 
collodion cotton, 17-19 p.c. potassium nitrate, 
5-7 p.c.>wood meaI,ol2*5-l4'5 p.c. ammonium 
oxalate, and 0-1*6 p.e. moisture. 

Stowite contains 58-61 p.o. nitroglycerin, 
4*5-5 p.c. nitrocotton, 18-^ p.c. potassium 
nitrate, 6-7 p.o. wood meal specified as in 

J loxite, and 11-15 p.c. ammonium oxalate. 

non-waterproofed wrappm* of parohmeot is 
used, and a No. O^tonator. 

SfHdite k cm the Engikli permitted &t. 
It contains 10-22 p.^nitr^lycenn, O‘l-0'3 p.c. 
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Mdlodion ootton, 4S-49 p.e. ammonium nitrate, 
7-« {MX> sodium nitnti^ £-6 p.o. ^lyoorm» 2-5 p.o. 
Btor^ 2G-2S p.o. sodium emoi^, and 0-2 p.c. 
moistura. limit charge 40 oza.» peculurum 
•wing 2‘22 inches, detoimtor No. 7. 

Super-Cliffite is manufactured by Curtis's and 
Hanrey in two varieties. No. 1 contains 10 p.o. 
nitroglycerin, les) than 1 p.c. collodion cotton, 
dO p.c. ammonium nitrate, 10 p.c. sodium ohlo* 
ride, 11 p.o. ammonium oxalate, 0 p.c. wood 
meal, mid 2 p.c. moisture; limit charger 26 ozs., 
pendulum swing 2 53 ins.; and No. 2 of similar 
composition, except that, the sodium chloride is 
Increased to 2(f p.c. and the ammonium oxalate 
reduced to 0 p.c.; limit charge 30 ozs., pendu¬ 
lum swing 2*^ ins. 

The perinitUxl composition for Phoenix 
powder is 28-31 p.c, nitroglycerin, 0-1 p.c. 
nitrocottoii. 30-34 p.c. potassium nitrat<‘, 33-37 
p.c. wood meal, ana 2 0 p.c. moisturp. 

Nafeiy dynamilc contains 24 p.c. nitro¬ 
glycerin, 1 p.c. nitrocottoii, and 75 p.c. am¬ 
monium nitrate. 

The MWff pulp, so frequently used as an 
ingredient in these dynainit.es, is made from 
logs usually of pine wood, but occasionally 
from other woods. The logs ar«' frecil from i 
bark and sawn into boanis; the boanls, free ; 
from knots, broken by a machine into small; 
pieces and then crushed between rollers, Whert^ i 
available in suflicicnt quantity, shavings arc 
used. The powder is bfiiled under pnwsurc with i 
a solution of sodium bisulphite for 10 to 12 | 
hours. Tiie pulp is then washed and dried. 
The pulp must not be exposed to acid vapours 
or overheated in drying, and should all pass 
through a sieve of meshes to the inch. It 
should not be too One, or the resulting dynamites 
are too dense in character and dillicult to 
detonate. 

The use of non-fermentable starch was pro- 
poseil by Kynoch {Eng. Pat. 22066, 1901) as a 
substitute for wood meal, in order to reduce the 
bulk of the explcMtive. 

Gocoanut jUtre has l>oon suggested by Gon¬ 
salves (Eng. Pat. 4968, 1905) oh an absorbent! 
for this class of dynamite, and it is claimcKl that 
it pepvcnts the freezing of tl# ifitroglycorin. 

OuficottoH dt/namiie. In 1867 mixtures of 
niti^lycerin with pulped guncotton, which, 
unlike collodion cotton, does not dissolve in and 
gelatinbe nitroglycerin, wore proposed by Abel 
and Trauzl. Aoel's mixture was called gfy- 
oxiline, and was prepared by soaking guncotton, 
with or without nitre, in nitroglycerin. 

TrauzTs dynamite consisted of 75 p.c. nitro- 
gl 3 roerin, 25 p.c. guncotton, and 2 pts. charcoal 
to every 100 of mixture. In 1868 Schultze pro¬ 
posed a mixture of nitrated wood ceUnlose 
soaked in nitrc^lycerin under the name of 
* dualine.' 

These explosives, like most other d 3 aiamitee, 
have been superseded by the gelatin dynamite 
class. • • 

Freezing of dynamites .—^The comparatively 
bi^ freeaing-pomt of nitrc^lvoerm, and the 
difficulty in thawing, is a great objection to the 
use of nitixiglyoerin explosives. Numerous 
attempts have been maae to overoome the 
diffiemty aby lowwring the frobring-point, 
iuitaUe additions, but arith very liimtM 
Buooess, In Shiglaii4 it is nstud to take pre- 


j cautions to prevent freexing 1^ suitabk stocage 
: in warm magazines, btit in tne United States 
I and oft the 0>ntinent additimu to the nitto- 
I glycerin to prevent hewing are common* 

, aodirion of nitrohydrocaroons such as nitro^ 
j beiuene was tried by Nobel and Guttmann, but 
I they found that so large a quantity was required 
to produce any sensible reduction of the freMitig- 
point, that the power and sonaitivenoss of the 
’ explosive were seriously reduced. This redtic* 

' Uon of power is of advanti^e in safety explosivea, 

, and nitrohydrocarbons in sinidl amount are 
frequently constituents in dynamites of this 
clam. The lower the molecular weight of the 
nitro body the smaller tiio percentage necessary 
to effect a given reduction of freezing-point, but 
the nitrohydrocarbons of low molecular wemht 
have the uisad vantage of being volatile. Tlie 
addition of nitrobenzene liad oecn previously 
patented in Sweden by Hudberg in 1800, and 
von Dahrnen in Austria patented a process for 
nitrating glycerin mixou with a small per¬ 
centage of nitrolwnzene. Uinitrotolueno was 
founefmoro efficient, and its use was patented* 
by the Soci6t6 dca Poudres, &c. Dynamites, 
of Arcndonck in 1903 (Eng. Pat. 14^7, 1903) 
and a mixture of solid di- and trinitrotoluene 
was suggested by Johnson (Eng. Pat. 25797, 
1904). In the United States low-freeaing 
dynamites, such as the Rod Cross Dynamites of 
the E. I. du Pont do Nemours (Company, are 
manufactured by replacing about one-fourth of 
tlio nitroglycerin of ‘ straight dynamites ’ by 
a nitrohydrocarbon. 

Wolil, in 1890, had suggested the use of 
mono- and dinitro^lycerin for reducing the 
freezing-point of nitroglycerin, and in 1904 
Mikolajezak patented the use of dinitroglycerin 
(Eng. Pat. 8041, 1904); but mono- and di- 
nitn^Iyoerin are hygroscopic, soluble in water, 
and expensive, and moreover Will has shown 
that their a<ldition is not very effective. 

The Westfalisch-Anhalfosche Sprengstoff- 
GesoUschaft, in 1900, patented the use of nitro* 
chlorhydrins and subsequently the nifappoiv- 
glycerins (ISng. Pat. 4067 and 6314, 1906), 
Dmitrochlorhydrin is now used to a large extent 
in Gorman nitroglycerin explosives, such as 
, ‘ Gelatin Astralit,’ ' Gelatin Donarit,' and * Gela¬ 
tin Westfalit,’ for this purpose. It is easy and 
cheap to manufacture, and mixes with nitro¬ 
glycerin in all proportions, and gelatinises 
collodion cotton equally well. Its admixture 
up to 20 p.o. of the nitroglycerin has very little 
: effect on the explosive properties of the dyna¬ 
mites. The mixture is made by nitrating a 
mixture of glycerin and cfalorhydrin in the 
! usual way. Dinitrochlorbydrin is practically 
i insoluble in water, and is not hygroiM^c, but 
it has the disadvantage that it ^ves on hydro- 
! chloric acid on explosion, and necessitatM the 
I use ^o^ an alkaline nitrate in dynamites oon> 

! taming it, if for use underground. Vender 
1 proposed dinitroacetin and dinitrofonttin 
I Fat. 6791,1006), which have the advantage that 
I hydrochloric acid is not one of the prodiu^ of 
I explosion, and Escales (Eng. Pat. 2117, 19071 
I used a nitrated complex mixture of mono- ana 
! di-omorhydrin. di- and tri-glyoei^ and the 
I chlorivdnns of these bodies. 9 
; The Subject of the Jowerjjtg of tibs firesBing- 
> point of nitroglyoeiin ^ beep iftvestffaCsd 
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NMbkhoff (Zeitoob. aiw^. Cbem. 1905, 11, 53). ; 
He showed thef the ^zing-point of a^nitro-1 
gljromn explosive can bo calculated from ha s 
eomposition, by means of Kaoult’s formula, | 
and that the value of a substanoe fur depressing ! 
fbe freezing-point of nitrogiyi^orin depended on : 
its molecular weight and not on its .own freezing- | 
point. He pointed out, further, that the re- { 
siitance to iret^zing depended, not only on the ! 
true frcezing-|>omt of the mixture, but also on I 
its property of und<^rgoing cooling below ita ' 
freezing-point without solidifying, and found | 
that the property was best shown in more | 
plastic explosives. ' 

NlTIlOCKI-LOLOSES. 

Braconnot, in 1832, oliserved that starch, . 
wfKKly fibre, and other similar siilwtancos, arc , 
converted bv the action of strong nitric acid 
into a comoustiblo ]>rodiict, which lie cuilf'd 
xyUMine. Pelouze, in 1838, found that starch i 
treated with strong nitric acid increased in* 
weight; and that ])aper, cotton, and linen, im- 
menicd in nitri<r acid of 1*5 sp.gr, become easily 
combustible. Sohbnbcin, towards the end of 
1845, announced the disciovery of a new expio- ' 
sive substance, which he subsequently statiMl ' 
to have been obtained by treating cotton with 
a mixture^ of nitric and sulphuric adds. Bdttger, 
in August, 1840, found out the method of ' 
making guncotton, which Kchonbein was keep¬ 
ing secret. The two chemists jointly submitted 
their discovery to the Germanic Confederation,.' 
but reserved the publication of their method of 
preparing guncotton. Several chemists having 
in 1847 independently discovered the method 
of preparing guncotton by means of a mixture 
of nitno and sulphuric aiuds, Sehonbein and 
Bdttger then stated this to be their proews. 
The manufacture of guncotton was undertaken 
in England, Franco, and Russia; but the earlier 
attempte at manufacture were not satisfactory, 
the Importance of purifying the cotton from , 
fatty matter, and of washing the gxmeotton 
thoroughly free from acid, not having at first 
been sufiiciently. felt to be essential to obtaining 
a safe and stable guncotton. 

Von Lonk, in Austria, between 1849 and 1852, 
made great improvements in the manufacture of 
gonoolton i and in 1853 a factory was erected 
under his direction at Hirtcnberg, near Vienna, 
in iriiiob (and at Beny in Vienna) the manufac¬ 
ture was oontinued until 1865, when the manu¬ 
facture and ime of gunootton were officially put 
a atop to in consequence of the explosion of two 
magaxinea. Von Lenk used the cotton in the 
form (d yam ; his principal imprevements were 
the purification of the cotton from oily and 
other matters by boiling with caustic aiki^, the 
nitration oi the cotton in separate small charges, 
the dividing the operation of nitration into two 
stages: a imort immersion (of some mlnutev) of 
the cotton in the mixed adds, the removal of 
the eotton with a siiffioienoy of absorbed acids, 
aBd allowing a long time (24 to 48 hours) for 
the oompletTon of we nitratiem, also the careful 
washing df the gunootton to remove firee add. 

remove add, the gunootton after its t^tra- 
Hon was whirled in a centrifugal machine, 
mihed in copper drums with a large niimtity 
bt water, theo plaoed in^xes in ranni% wat« 
^ three to six weeks, after %hleh it was Heated 


with a hot weak solution of potash, and again 
water-washed. 

Von Lenk’s gunootton was used in the form 
of yam. 

Abel, adopting Von Lenk’s method of 
nitrating the cotton, made very important im¬ 
provements in the pro(^(» of manufacture. 
He introduced the use of cleaned cotton waste, 
and by converting the gunootton into pulp so 
facilitated the washing that it could be eff^ted 
in two or three d^ instead of in six or more 
weeks as in Von ^lenk’s process. Further, by 
compri'Hsing the finished pulp., by hydmulic 
pressure, he rendered it possible to detonate it 
in an unconfined state. The pulping and com¬ 
pressing of the guncotton were introduced in 
18()5 (Eng. Pat. 1102, 1865). 

(Jomjxmtion. — Guncotton, when the proc^ 
of manufacture has been well conducted, and 
when the strongest acids have been used, has the 
composition of trinitrocellulose ('jH, 02 (N 0 j) 3 , 
when cellulose is OjIIioOg. 

Tliis (somposition was deduced by Abel from 
tf»e results of a large number of analyses (in 
which (-, H, and N were determined) of .gun- 
cotton of Waltham Abbey make. The mean 
nuiuliers given by those analyses of the dry 
guncotton, ash deducted, are given below, and 
ait) comj)arod with the percentages calculated 
for trinit^oellulose : 

Mean of anaiyses C|H9O|<NOf)0 


(Carbon . . 24*57 24*24 

Hydrogen . . 2*4H 2*36 

Nitrogen . . 13*83 14*14 

Oxygen . . 59*14 69*26 


The porcentf^^e of carbon is slightly raised, and 
that of nitrogen slightly depressed, by the pre¬ 
sence in the guncotton of a few per cents, of lees 
highly nitrated cellulose than the trinitro de¬ 
rivative, and soluble in ether dcohol (A^l, Phil. 
Trans. 1866, 156, 269-308). 

The formation of trinitrocelloloee from cellu¬ 
lose is represented by the equation: 

oO„-f3HNO,=C,H,Oj(NO,),-f-3H,0 
from which 100 by weight of cotton should 
give 183*3 parts\y weight of trinitrocotton. 

Abel (f.c.), as the result of a lame number 
of ex{)eriments, found a maximum increase of 
82*6 p.c., which is a close approach to the 
theoretic^ 83*3 p.c., and connrnus Hadow^s 
previously obeorvw increase of 81*3 p.c. 

SoluUe nitroceiiuloge. —Abel found that the 
part of guncotton soluble in a mixture of alcohol 
and other is a loss highly nitrated compound 
than liis truntroceilnlose; it approaches in 
composition dinitrooellulose (Proc. Boy. Soe. 
1866). In a further series of experiments, in 
1868, Abel examined the influence on tlm 
nitration of the cotton of an addition of water, 
to the acids. Using mixtures of 60 lbs. nitiio' 
acid, sp.gr. 1*42, and 65^ lbs. sulfuric acid, 
sp.CT. 1 *838, without addition of water, and a^ 

, wiw the addiioD of 3 lbs. of water, he obtained 
. niHooottons, which, after repredpitation from 
' solution in ether-alcohd, bad pesoentages 
of carbon 28*66 and 28*13 respective^ t 
[ the oalonla^. peromtage in dinitrooelhilos^ 

' C,ILO,(NO*), b&g 28*51 • 

a lo^ time, nitcobeflokaes were divided 
i into two kinds only—friiltiociefiidaBe, guncotloni 
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01^ nltraoelhdote^ and dinitroo^oloM^ 

MfliodkAootitoD^oraohibtoidtio^ but it 

am Cdeaiiy ibown In the cordite oaae, Nobel «. 
Anderson, 289#, that there are certainly more 
tiuui two oeUnlose nitrates, and, further, that 
the sohtbiUty of the nitroc^nioRe is not in*, 
varlaUv related to the d^roe of nitration, but j 
that swul:^ niteocollulose can bo prejiared con- \ 
taintng ahziost as much nitrc^en as guncotton, i 

Roscoe prepared, for esCample, a soluble j 
mtroGoUuloso containing 12*79 p.o. of nitrogen, ! 
and an ziuoluble nitrocelluloso with 12*83 p.o. 
of niixocellulose. 

Eder, as lie was able to prepare nitrocottons 
in which the pcrcent^o of nitrogen is between 
those corresponding to the above tri- and di- 
nitrooellttlose, doubled Abel’s formula), and 
olaimed to have prepared the following five 
varieties of nitrocelluloso :— 

C„H„0.(N0.). 

Hexa-nitroeollulose. containing 14*14 
0„H..O,(NO,), 

Penta- „ „ 12'76 

C,.H,.0,(N(),), 

Tetre- „ 1111 

0..H„0,(N0,), 

Tri- „ „ illO 

C,.H„0,(N0.), 

1)1- . «-7B 

His hexanitrocelluloHO only was iiiHoluble in 
ethor-ale-ohol, and is ordinary guncotton. 

Vieillo (Cbmpt. rend., 1882, 132) preparwl 
nitrocottons under the m(^t vaiydng conditions, 
and stated that the nitration of cellulose, which 
he a«fumed tcs>be C]|H 4 o 02 o, took place in eight 
stages, the products being : 

nitrogen 

Endeca-nitrocellulose, containing 13*50 

C*45^ao^!j(NO*)i0 


Deca- 
C„H„0„(N0,), 
Ennea* 
0.4H„0,,(N0,). 
Octo- 

C.*H„0,,(N0,), 

Hepta- 

^*4H*40j4(N0j)4 

Hexa- 
• Penta- 

^•4®*«Oi«(N03)4 

Tetra- 


12*78 

11*98 


11*13 

10*19 


917 

804 


» 0*77 

Of these, the endeca- and deca-nitrocelluloses 
were insoluble in ether-alcohol. 

Berthelot, following Vieille, regards gun¬ 
cotton as C« 4 H,«(NOt)iiO,, (mol. wt. 1143). 

He finds the heat evolv^ by the nitration 
of cotton in accordance with the equation: 
C.4H4*O,rfllHNO,-C,4H„O»(N0.)„+iyg[20 
to be 11 11*4=012^*4 kgm.-G||grees per 

1‘143 kgm. of guncotton formed. The heat 
of fonnatkm of endecani^ocellulose from its 
elements (diamond carbon, gaseous hydrt^en, 
omm. and nitrogen)^ Berwelot finds to be 
kgoL-degrees per 1*148 kgm., dr 
bgm.*d^QMS per 1 k^. 

l!heae fcnmtdsslS Tidlle were soon con¬ 
tested. <Gtttta»ao&'clabned to have made gun- 
eoiton cm ^ ]M|e se8|e c ontainin g 18*85 p.o. 


Qitragen; Hoitasma (Zsftsoh.^ aigeer. CMh; 
18^, ,178) obtahied a proon^ eceilidbilag 
13*9 p,o. nitrogen; and Ln^ (J. Amer. €Siei£ 
Soc. 1901, 527), with ui add mixtore containing 
63*36 p,o. H 48 O 4 , 25*31 p-c. HNO., and U*M 
p.c. water, propa^ nitroi^uloae w£& 18‘C5I p. 0 , 
nitrogen, corresponding very closely to 
C„H„ 0 ,(N 04 )„ " 

dodeeanitrooellulose, oontainlim 14*18 'p.o* 
pitrogen; but this subatanoe, luce that wttn a 
similar nitn^en content, obt^ed by nitrating 
cotton with a mixture of equal jparts of idtrogaa 
pentoxide and phosphorus pontoxide {ep. Holt- 
sema, l.c.), was not stable, and on kee^g, Ibie 
nitrogen content fell to 13*5 p.o., at which point 
it remained constant. In a further series of 
ex[>erimeDts, Lunge found that when all watco* 
was eliminated by adding fuming sulphario acid, 
the p.c. of nitrogen was not altered, even when 
such varying ratios of H 2 SO 4 to HNOj as 8*3 :1 
.to 2:1 wero used. Tassart (Bull. 900 . oblai, 
1912, 1009), by the successive action of 
sulphuric and nitric acids on cotto^ hre pre¬ 
pared a product which lie terms a-nitroceUuuMt 
containing 13*5 p.c. nitrogen. It is white, 
easily powdered, insoluble in water, but soluble 
. in methyl and ethyl alcohols, and yery unstable. 
I Lunge found that with nitreoeilulose of less 
than 10 p.c. nitix^en, the solubility rapi^y 
decreased and confirmed Vieille’s results that 
below 024H,|0|4(N04). the products are in- 
j soluble. He sdso found that with dilute acids, 
: the products contained oxyoellulose, the pro 
' portion of the latter grsMiuaUy increasing unU 
I eventually it was tlie only product. Siq >0 
I schnikoff (Zoitsch. ges. Scheiss- n. Spnmg 
' Htofiwesen, 1906, 453) shows a close relationsh^ 
! between the vapour preMure of the nit^ acic 
! in |be mixed acids and the nitrogen oimteni ol 
I the products. 

Berl and Klaye (2ieit«oh. ges. Sohiess- u 
! SprengatofTwesen, 1907, 403) show that Uu 
' process of nitration of cellulose is a reveisibk 
'• reaction, represented by the equation t 
j C«H4 oO,b 4-nHNO* 

i ^C,4H4,_0,^^{N0,). ■4 -»h,c 

! and that after a certain mazimom eubatitatioi 
i i« obtained, about 13-6 p.o. nitrogen, the aal 
\ phnric acid of the nitrating mixture acta ai i 
i hydrolysing agent. * 

' Berl am Smith (Ber. 1907, 1903) prepani 
esters of cellulose in order to show the nanttw 
of free hydroxyl- groune in the cellnloee mdeoUle 
They found it impoesible to introduce more thai 
twelve subetituted groupe into ^e o^uloM 
molecule of €^H 4 , 0 ,,, which agrees wltli tin 
results of Ost ^itoch. sjww. Chem. 190^ 9W) 
and Green and PerUn (Cnem. Soo. TniM. 1806 
811), but did not suce^ in obtaining • nitMi 
ceUulose with a higher nitrogen oonMfit tilM 
13-80 V-c. i 

Any preparation of nttroeelfailos#l8, A 
tnie M deOmte nitrate#, the natne eAM 
depends on the nature of the nitntbig it^gtHaNl 
the time and temperature of nfttrtUlD aiKl 
method of purification. Visllle (Ootl^ 

186f, 132) prepared nitroodlnlOM MAshfN 
up to.12-7 p.o. nitrogest by tiw asa# Bttiiio Mil 
afone^-luge exoest,Jnit tha ifiMiiiiMl) 
a^ (Hflenlt, sind a trUte 
uae a mixtara at n%ie andi 




5fl 


EXPLOSIVES. 


ii probable that the celluloee first reacts with 
tito sulpburie acid, and that the product in 
turn reacts with the nitric acid to lornf nitro- 
oeliulose. When much water or sulphuric acid 
is present the process is slow and the nitration 
low. A higher degn»e of nitration is obtained 
by raising the t<?m|K^rature, but this can only 
be done within limitj^, or oxycolluloao and nitro- 
oxyoelluloso are formed, and part of the cellulose 
is completely broken down at high toinperu- 
turcH. The effect of a i^h projiortion of watex 
in breaking down the cotton is particularly 
noticeable. • 

A largo cxccwH of mixed acids is necessary in 
tin nitration of (iellulose. partly because of'the 
bulk of Hhi latter, but also t,o obtain products 
of constant eoinposition. The aeid mixture is 
dilutotl during nitration, both by the formation i 
of water anrl by the alwiractio'n of nitric acid 
during the nitration, and both iliese factors tend 
to lower the nitrogen content of the jirodm-t, 
unless the bulk of the mixed achis is large*. The. 
speed of nitration is diminished witfi increase m 
the quantity of sulphuric acid. 

As far as explosives are concerned, only two 
forms of nitrocclluioso nee<l l>c rlislinguishod : 
guncotton or insoluble nitrocotton, and collodion 
or soluble nitroc.o1.ton. The e.xplosive power of 
the nitrocellulose is dependent on the degr<‘e of 
nitration, and (^a(;h variety is jircpared of definite 
nitrogen conUmt according to its use. When 
the Soluble nitroc(dhilose is nfferred to in this 
article without qualiliiiation, solubility m ethcr- 
aleoho! is always iiiforred. 

Niirohydtocdlulmc_ and it{(ri)oxyciUulof<i 


Vignon {l.c.) found that nitroeelluloee, prepared 
according to Lunge’s formula for h%hest nitra. 
tion, gave on determination of their C, H, and 
N, results agreeing with the formula 
30,H,0,(N03)3+C.H,03{NO,), 

= C24H2g03(N0j)j2 

He concludes from this that this so-called 
nitrocellulose is an oxycellulose derivative, and 
attributes discrepancies in the results of others 
to the fact that the nitrogen only is estimated. 

LaU^r (Oompt. rend. 1900, 509), Vignon 
determined the copper-reducing powers of 
nitrated cellulose and nitrooxyeellulose, and 
found them identical and independent of the 
dcgri'o of nitration, and as oxycellulose roduces 
cupric potash solution, whilst cellulose and 
hydi'ooolluJose do not, concludes that, on the 
nitration of (‘(‘llulosi*, oxycellulose is formed, anti 
that the jiroduct is really nitroxycellulosc. 


Hydrooollultwo cellulose being 

li*?*®^'**’ ^ P*^'|>ftrcd by soaking cotton for 
12 hours in sulphuric acid of I *45 sp.gr. at or 
for 24 hours in hydrochloric acid of 117 sp.’gr. 
(Girard). Oross and Bevan prepared ^ixy- 
oelluloso by boiling cellvdose with nitric acid, 
and found iU composition to be CuHajO,,. 
The nitro body obtained from it by nitration 
with.a mixture of equal volumes of strong sub 
phurio and iiitrio acids, contained ()-48 p.c. 
nitrogen, and was given the formula : 

(Ghom. Soo. Trans. 18S3. 22). 

Vhraon ((bmpt. rend. 1898, 1.3l}) found that 
oxyoelluloso, prepiwd by the action of a mixture 
of hydrochloric acid and potassium chlorate on 
cellulose, had a constant composition rt'ore- i 
sentod by 3C,H,.0 ,+C,H,,(),=^j.H„0.,. 

Both these bodies, which may be fanne<l in | 
the nitration of cellulose, can be themselves 
lUtrated. Hydrooellulose nitrates more slowly 
thwi cellulose, giving stable but ijtther sensitive ; 
pToducte, and oxyodlulose gives an unst^^ble 
niUo product. Amorphous nitro products of 
oxy- and hydro-ocUalose can be prepared by 
trMting odlulose with sulphuric acid containing 
a tittle nitric acid at a low temperature until^he : 
mass becomes pasty, then nitrating and purify- 
^ as usual. Crane and Joyce (J. Soc. Them, i 
In^ 1910, 640), by nitrating cotton with an ^ 
aoid mixture containing 9-0 p.o. HN0„ 66*5 ■ 
■26*5 p.c. HjO, obtained a ; 
mtrohydrooollnkMe of the composition e i 
, ‘C„H„0„H0,-2H.0 , j 

jtoii ^ in^nbt^ aoa|oae and etber*aloohol, 1 
but aoiubie Jn str^ ac^sand caustic idkali, I 


Guncotton. 

only process of manufae- 
, ture of gunroUon, with some modification in 
detail, was for some years the process of Von 
Lenk, os modifieii and improved bv Abel 
OtIuT |)r(.cc»»|.s, notaWy the ‘Thomson dia- 
plaocinent ])rocra8,’ introdmx'd at Waltham 
Ahla-y in liK)5, and the ‘nitrating centrifugal 
procesH,’ are now more generally used. 

rmuc maieridU : ('(//mW.—A lthough many 
forms of fibrous eellulose materials have been 
from time to time tried, practically the only 
form of eellulose in general use for the manu¬ 
facture of guncotton is tlie cotton waste from 
H[)inning mills and other sources. New cotton 
wtmlcl Ik* the best raw material for use, but it is 
too expensive. ‘ dop-bottoms,’ the last portion 
of cotton left on the spinilles, and usually in a 
tangled condition, are frequently used for the 
manufacture of collodion cotton, but this again 
18 too expensive for general use. ‘ Linters,’ the 
last portion of cotton from the seed.ds largely 
iisod m the United States and on the Continent 
for the manufacture of soluble nitrocotton, but 
: the ilnustie treatment necessary for the removal 
j of the adherent se^d-husk and rcRinons matter, 

! and the fermenftkffve changes that take p]ae.e 
, in the cotton if left in contact with the husk 
adversely affect the quality of the guncotton 
manufactured fixim ‘lintera.’ ‘Weaving mill 
I waste ’ is contaminjited with starch, as this is 
applied to the waqis to strengthen them, and 
can only bo used for the manufacture of nitro- 
cotton after the starch has b^n suitably 
removed, as the nitration products of starch 
aro unstable. Tlio quality of the waste from 
different sourcee varies considerably, and it is 
important that it should be as pure as pcrasible 
in order to obtain a good yield of pure guncotton, 
^^e previomi treatment of the cellulose has been 
shoira by Piest (^itech. angew. Chem. 1909, 
215)’1o have considerable influence on the pre¬ 
paration a*i propertied of nitrooeliulose. 
product from strongly bleached or mewoeriaed 
cotton has a lower nitrogen content and higher 
solubility, and is more diificuH to sti^ise 
than that from ordinary cotton. Hake and Bell 
(J. Soc. Chem. Ind. 1909, 460) showed that the 
phyaicol condition U the ceiluiose i&icts iht 
nitration. If the cotton is dense the wtration 
is diow. and a larerer nronoHion of th« anlntHiv^ 
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is ionned with resultwnt Iom in yield. 
Mmge showed that tibe source of the cotton has 
hUe efieot on the i^odttot. Tho visooaities of 
felutions ol cotton hsve been investigated by 
tat (Zoitsoh. angew. Chom. 1011, 1892) and 
Ihers with a view to determining the suitability 
f the cottons for nitration, and to eetablkhing 
reUtionship with the stability of the nitro- 
roducts. Solutions in cupraramonium are 
■ed. New cotton gives more viscous solutions 
nan cotton waste, especially when this has been 
hemically treated and bleached, no doubt 
Dwing to a greater molecular complexity, and 
me niirocottona prepared from them give solu- 
pons in acetone difforing in viscosity in the siinio 
direction. Fiost (Zeitsch. angew. Chem. 1913. 

&c.) showed that nitrocellulose solutions 
become Ices viscous on standing to an increasing 
extent the more the cellulose has been bleached. 
This he attributes to the presence of impurities, 
such as the esters of oxyeeilulosc. 

Formerly the waste was purihed by boiling 
Mrith a 2 p.e. solution of sodium carbonate and 
subsequent washing, Vmt the modem purifica¬ 
tion process is more complicatc'd. TJie waste is 
first of all de-greased by means of a solvent, then 
boihxl in a kier with a weak solution of sodiuni 
carbonate or caustic soda, bleached with 
bleachi^ powder or calcium sulphide, waslu'd, 
neutralised with sulphuric or hydrochloric acid, 
washed again, and hnally dried. In detail, the 
process of purification varies with tho type of 
waste being treated. Ix'vine (J. Ind. Eng. V^hem. 
1916, 298) suggests the removal of impurities 
by bacterial treatment. The rt'siiltani cotton 
is nearly pure cellulose, with little or no altered, 
oxv., or nydro-cellulose. It should contain no 
chloride, sulphate, or sulphide of lime, and W 
free from starch, and from cotton dust, or • 
‘ fly.’ It contains less than 0'3 p.e. of fatty 
matter, but usually the uncardotl waste used ! 
in the manufacture of guncotton contains a 
oonsiderabic quantity of impurities, such os 
wo^, cane, string, colourea threads, metal, ■ 
indiarubber, &c. These impurities and any 
liard knots of cotton ore removed as far as ; 
possible by handpicking, and the cotton is then j 
passed through a ‘ teasing machin^ ’ hr ‘ willow,’ j 
a combination of drums armed with sharp- 
pomted teeth, which tear the threads apart ! 
Mid open out the knots and lumps. The cotton ' 
again as it leaver the machine, 
dried fmtil the moisture content is about 0-5 p.e. 
on ^ endless band in a current of hot air, ; 
which k often first dried over sulphuric acid or 
MMcium chloride, and then weighed out in 
^hi^es, placed in tightly closed receptacles, ! 
ind allowed to cooL , 

Mixed acids. —^The acids used in the manu* i 
facture of ranootton are of a high d<^ree of 
punty, free from solids, and of maximum concen* i 
«a^on. The proportions of acid employed until' 
recently were those used by Von Lenk, namely, 

I part of nitric acid of 1*5 sp.^., oontsiniii^ not 
than 1*6 n.c. of nitrous aci^ and 3 parte of 
J^uno a/id of 1-84-1-85 sp.gr. In other 
J®rd8» the niteio acid contained at least 93 p.c. 
M aonohydrate, and the solphurio aeid 96-96 p.c, 
M monobydra^ The more modern mistoies 
2*7 ^htly in composition according to the 
wthod of nitratimi, and are riven under these 
metkodi. 


The experiments of Lnpm fte.) have shown 
riiat it is pot neceasaxy to nave a^ mlxtuMs 
contaimng only a few per cents, of water, and 
that with acl<is of the proportion of SH ^04 to 
IHNO,, it is possible to work with as much as 
12 p.c. of water. Not only is the acid mixture 
cheaper, but Lunge agrees with Will that the 
nitrocellulose manufactured with the more 
I dilute mixtures is more stable than when pro* 
] du<>e<l by highlv concentrated acids. Lunge 
I alao^mvestigatod the infippice of nitrous acid 
on the quality of the product, and found that 
I with contonte of nitrous acid up to 6 p.o. of 
j tho mixed acid there was practicallv no innuonoe 
; on the nitrogen content, the solu'bility or sta- 
i biJity of the pro<luct, but there is some doubt 
: as to whether the stability of the product is 
[ n()t adversely affected to a slight extent when 
; tho proportion of nitrous acid is unduly high. 

Most explosive factories have plant for the 
manufacture of the nitric acid, and for the 
! recovery of waste acids, tho latter being re¬ 
vivified and used again. Tho acids are mixed 
m large <iuantitie#i, analysed, and tho composi* 

' tion adjusted to that required, by tho addition 
of strong acids in tho requisite proportions. 
Nordhausen sulphuric acid or ‘oJeum’ is now 
1 in <*(>mmon use for decreasing the proportion of 
water. 

Mechanical mixing of the acids was at one 
time generally practised, but it was subsequently 
found that a perfect admixture was obtained bv 
running the sulphuric into the nitric acid. 
However, the acids are now frequently mixed 
by moans of compressed air, means being 
oiloptcd ri> condense the nitric acid vapoun. 

The acids are stored and transfer!^ rirom 
place to place as already described in the manu¬ 
facture of nitroglycerin. 

Nitration .—Lunge (lx.) has shown that the 
speed of nitration increases rapidly, but the 
yield falls, owing to solution of the product in 
the mixed acids, with rise in temperature, the 
nitrogem content of the product varying 
slightly. He concludes t hat the ordinary method 
of nitrating at a temperature not exceeding 26® 
is correct for obtaining maximum nitmtion and 
maximum yieUl. An outline of tho nitration 
process used by Von Lenk has already been 
given. 

Abel's nitmtion process, as formerly carried 
out at tho Royal Gunpowder Factory, Waltham 
Abbey, and still used in many factories in 
England and abroad, is shortly as follows :— 

The mixed acids are drawn off the 

store tanks into a tank in connection with the 
dipping pans. These latter are of cast iron, 
arrai^od in a tank* through which cold wntnr 
is circulated to keep the temperature during 
the nitration below 22®; each nolds about 22^ 
ibs. of mixed acids, and is provided with 4t 
urating. • The charge of U lb. of cotton is then, 
by small portions, quioklv immersed in the 
mixed aci^, which at Waltham Abbey was 
composed of 3 parts of sulphuric odd, w 
and 1 part of nitric add, 91 p.c., mixed and 
thorc'ugfily cooled. After an immeisioik <of 
5 or 6 uibautee, the cotton is removed to the 
grating, and squeezed W means of a lev? wtUi 
a plate aUofie end. The ebsme, wbiw wi^ 
the acid now^wekhs aboot^S is placed |& 
a* closely covered earthfe pot, In wmk!^ It it 
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•Uowvd to nmain lor from 12 to 24 hoam, 
dnrku vMch time the pot« ore placed in con* 
itM% Sovnng cold water. By this prolonged 
action, the nitration of the ootton is com^etiM; 
the cooling is needed to prevent com^jbte de* 
composition of the product by oxidation, and 
the maintenance of a low temj>eratare is said 
to be lavoorablo to the production of guncotton 
with a low percent^ of soluble nitrocotton. 

Much of the acids is then removed from the 
guncotton by meadb of tlie centrifugal mAthine 
made enUreiy of iron, the contents of six pots 
being whirlo(i for 10 minutes at the rate of about 
1200 revolutions per minute. The guncotton 
is then, carried in small quantities in galvanised 
iron pans, emptied out and plunged by means 
of an iron fork or wooden paddle beneath a 
cascade of water, which carries it into a lurve 
cistern, where it is kept stirred by a paddle 
wheel, and is washed by fresh water continually 
admitted, until the guncotton has no percept ible 
acid taste,.when it is whirled in a centrifugal 
machine, with a short washing with water at 
the end of the whirling, after which it is ready 
for the boiling process. The immersion in the 
water has to m carried put quickly, as the acid 
guncotton is liable to ‘ fume off ’ on slow contact 
with water. The yield by this process is about 
104 p.c. of the cotton nitrated. • 

In the Abel process, there is considerable 
wear and tear of the plant, and there is occa¬ 
sionally loss of guncotton owing to decompiwi- 
lion or ‘ faming off * taking place in the digesting 

C . Moreover, there is a considerable expondi- 
of labour and power involved, and im¬ 
provements have been made to overcome these 
wadvant^es. 

IHrtei-fHpping procfss. — In the direct- 
dipping prooess, as i^ed at NobeFB factory at 
Aroeer, the operation of nitration is Completed 
in one staga The nitration is carried out in a 
series of iron pots, termed * dippers,' standing in 
oold water contained in long cooli^ tanks, the 
pots being closed by oovers which Imd away the 
acid fumes to exHauat pipes. Each dipper is 
fed witili 127 lbs. of mixed acid, the temperature 
of the acid is ^justed to 15*^, and the cuaige of 
4| lbs. of ootton gradually added, the tempera¬ 
ture rising to 25*'. The nitration is allowed to 
proceed for from 8 to 24 hours, according to the 
oompofition of the nitmting mixture, the 
temperature gradually falling to 20^ The 
mixed add for a 12 hours* immersion is 75 p.e. 
sulnhurio acid, 15*76 p.c. nitric acid (mono- 
l^mte) and 9*26 p.o. water. The more rapid 
the nitration, the h^her the proportion of nitric 
add and the less the proportion of water used. 

^en the nitratiem is complete, the contents 
of toe dippem are trmMrferrM to centrifugals, 
and toe waste adds whirled out. The gun¬ 
cotton k then treated aa in the Abel process. 
The ykJd by thk pxooeaa is about 159 ^.o. d the 
oottonjttlbaratad. 

proeeaS.—In thk prooess, laigefy 
^ fim G^tinoDt» toe nitration k earned 
^ IMrforaitod iron baaket, rotating in an 
i easing, toe oentrifogal being jacketed 
tofTteoupeiktiaa oofttrol by water drmuUion and 

ooreMWitoalidBtted witoafuKilm^ ^ 

iwfttoa faad^ Is «ow^ 


rotating. The effect ol the rotation is to |Co> 
duoe better oontaot between toe cotton 
adds, and the nitrarioa only ocoQ|^es from 
30 minutes to an hour. When the utration k 
complete, the bulk of the waste add k drawn 
off, and the centrifugal set rotating rapidly, 

I the guncotton l>eii^ afterwards ‘pro-washea’ 

I as usual. It is neceisary not to reduce the acid 
j content too far in the wringing, otherwise tbe 
I ohai^o is liable to * fume off.’ The nitrated 
; choigo is removed by tongs to an automatio 
i conveyor, which tracers it at once to the 
I drowning tank. • 

I In this process the nitrating acid is about 
; fifty times the weight of tbe cotton charge, the 
I compmition of the acid being about 23*15 p.c. 

; HNOg, 09*36 p.o. HjSOi, and 7*6 p.c. water, 
i As this process is more rapid than the ‘ Abel 
I process,’ and since the velocity of nitration is' 

! decreased by a high content of sulphuric add, 

I it is necessary that tbe proportion of nitric acid 
' in tbe mixed acid should be higher. 

I The usual forma of nitrating centrifugd. used 
j are those of Messrs, tielwig and Lange, of Bruns- 
I wick, who, in 1904, patented an improved form 
in which the acid is caused to circulate con¬ 
tinuously through the material by means of a 
pump, for the purpose of producing a more 
uniform nitration and avoiding local centres ol 
heating. 

Guttmann suggested the use of aluminium 
{ baskets, but, although more aoid-reeisting than 
1 the usual cast-iron b^kets, tbe metal was found 
! to be too soft and to get out of shape. The 
i yield by this process of nitration is 160 p.o. of 
, the cotton nitrated. 

I Displacement wocess. —In 1903 (Eng. Pat. 

! 8278) J. M, and W. T. Thomson, of the Royal 
; Gunpowder Factory, patented a new method tor 
I the nitration of ootton which has been used at 
i Waltham Abbey since 1905. The apparatus 
consists of seta of four ciicular eartoenware 
pans, 3 feet 6 inches in diameter smd 10 inches 
deep at the side, with a slight fidl towards the 
centre of the bottom. They are furnished with 
perforated fake bottoms, and are connected at 
their loweel points with a lead pipe provided 
with a stopcock, which leads to acid snpp^ 
pipes, the wpate acid pipe and the waste water 

a The pans are covered by aluminiqiH 
with fume pipee. The process k as fol¬ 
lows : 960 lbs. of nitiwting acid ol. the com- 
position 70*6 p.o. H 18 O 4 , 21 p.c. HNOf* 0*6 p^o, 
nitrous acid, and 7*9 p.o. water, adjusted to a 
temperature of from llT to 15**, k nminto cm d 
the pans, and the chai^ oi 20 lbs. ootton k . 
gradually added and pushed below the aaxfaco 
of the acid. The contents are then eoveted 
with a perforated pltoe in sections, n ftprw ol 
water cs^uUy run over the {date, a^ toe Mit 
hoods remov^ When nitcation k ecatqgii^ 
after about houo, water k stovdy km okek 
the smfaoe of the^aeidB in toe nitratoog niwil,. 
ai^ fy opetning stc^poock tlla aiMi itof 
allowed to oe dkplaeed at i 

17 Iba. pm mkuite. MdaW 80 
toe WMte Mid k afiowtod '1». flow bM 
(tore (wlo, «tiMt » M 
nitii«,«eid Uid 
nanfa^^ mmim 
ooBoiiBttaML'. 







to lillii toa fimeottoB» 

> IliltoK^ altar ^ke^a&iai k tf^utalAy 
; tali it M» 43 r tor toe Mfinr prootos. 
j, 9toli .to tofii mo&m k abcrat 170 p.o. of 
I edttoa ntotao, and the prodnot is more 
^ totfotad than by the Abel proocns. 

» advantages of the diBjdaceinent process 
»toot toe cotton is dipped more quickly, that 
i prooetase of dippmg, nitaation, removal of 
lie stad, drowning, and water centrifugating 
b oondooted more quickly, and in one appora- 
toot there is no loss of product by occasional 
tming o£E,' that the exposure of workmen 
> fumes is done away with, that there is less 
. ts of acid, and the rocove^ acid is cleaner, 
lhat leas water is used, that the cost of labour 
and upkeep of appamtus is considerably reduced, 
and that toe yield is higher, and the product is 
man unifonn and stable. 

The improved stability of the product is 
attributed ny MacDonald (J. fioc. Chcm. Ind. 
1911, 261) to the fact that unstable nitro- 
oom^unds are decomposed during the dis¬ 
placement, as evidenced by a rUe in proportion 
of nitric acid in the displaced acid, after a fall, 
towards the end of the process. 

De Bndiles (Fr. Pat 304349, lil06) has 
patented a system of concentrating the acids in 
the nitrator by electrolysis. Voigt (U.8. Pat. 
856869, 1907) disintegrateH the cotton fibre 
liefore nitration by imraeising in sulpliuric acid 
with only 3 p.c. nitric acid at 2®, and ultimately 
obtfdns the nitrocellulose in the form of a fine 
powder. 

Sailing .—^After the nitration and pre¬ 
liminary washing, the guncotton is ‘ boiled^ in 
order to purify and stabilise it. The impurities 
removed are the lost traces of free acid and un¬ 
stable products of toe nitrarion. Amongst the 
latter are ili^defined unstable bodies, such as 
nitaosMchaioees, formed by the action <k the 
nitrating acids on the impurities in the cotton, 
and oeOuloee esteni, otW toan the higher 
nitrtaes, such as the sulphuric esters, mixed 
nitrosulphuric esters, and possibly nitromi 
estate and low nitric esters. The possibility of 
the presence of sulphuric esters to unstabiused 
nitroDotton was pointed out by Cross and Bevan 
m 1901; «md Hoke and Bell examined their mode 
of formatiem and infiuepnee on the stability of 
nifc^elluloee (J. Soc. Chem. Ind. 1906, 374; 
190^ 467). Hoke and Bell conclude that mixed 
ra^utio esters exist in oil products of the 
oiteation of cellulose, and that th^ are formed 
owin^ to delayed nitration, caused by partial 
■m^<m or raatinisation of the cellulose 
B^hnric ooid and subsequent fixation hy nitric 
JOiA The amount of sul|hurio acid normally 
during nitration is about 1 p.a, but this is 
taon^ during the stobiliBation to about 0*1 
to 0*3 p.c, 

• Will lound toot tbs stability of nitrocellulose 
JNta moresssd by menosiBg tlm amount of w^er 
m tbe nitimtfa^ mixtmre, adiilst insumoient 
Jtobtog knmrn ito stahili^, and toot tbs 
toto toerease of nitrogen 
tootant. 93ie 4mm of eommbutoon of toe 
w touttdio ttava Bttfe siset on toe 
itotoh^m^e(»talMnr to toe odnion 
ItoMj lutolA toettatasa to tos wriastaMm 


taa/tounto:' 


toe boaiito fimm, myrnd :«toito:to«ta.to.lto^;: 
totaeaseto toastattaltgr. 

Bertitori, to 1900, pototad out tot pWto 
bility of toe fonnation of nitrow totat m km \ 
Lonm and Bebie have exomtoed toair tomrito 
on toe stability al nitaooelluloea (Zettsoh. aagewi 
Chem. 1901, 639). The idtrous ortem taa> 
probably partly formed in the nitration BroQtaa» 
out to a larger extent by subeeouent hydre^^ 
decomposition of the nitrooelluiose. Theejr ato 
BO unique that they veryitorely ooemr to tUl 
finished nitrocellulose. 

In the old Abel process, the guncotton 
received two«boUinga by means of steam to 
wooden vats, the water being separated b^ 
centrifugal machines after each boiling. In 
many factories, a 2 p.o. solution of nodk was 
used in order to reduce the time of boiting, the 
function of the alkali being not so much to 
neutralise residual traces of acid as to decompose 
and dissolve unstable impurities; but this was 
found to decompose the gunoottw^ and waa 
abandoned in England, and water only used. 
The boiling was subsequently extended; several 
boilings were used, and the boUing process smne- 
times lasted 4 or 6 da^ in oU. At Woltoam 
Abbey, previous to the introduction of the dis> 
placement process, a system of twelve short 
boiling of«gradually increased duration WW 
practised. 

Roberteon (J. 8oo. Chem. Ind. 1906, 624), 
as the result of numerous experimmxta at 
Waltham Abbey, in 1906, with displooemeitt 
guncotton, found that boiling in dilute acid at 
the thinning of the process is superior to on 
alk&iino treatment for the dimination of bn- 
purities. Ho found that good results were 
obtained when the wash water oontatoed ooid 
equal to 1 p.c. of H,S 04 on tbe guqpottoa 
present, olid sufficient should be left to tbe gun* 
cotton to give this reeulti At Waltham, toe 
water is hard and the dissolved chalk mokes the 
water sufficiently alkaline for the subseonsant 
boiling. He also found that a better ytold and 
a more stable product was obtained py kmata 

e iriods in the early, and shorter perioos to toe 
tar, boilings, and that a displacement watotog 
at an early stage was beneficial. As a ranim 
of Robertson's experiments, the WaBhom 
Abbey system of boiling was for some time a 
series of two 12, five 4, and toree 2.hoon^ 
boiling, with a cold-water washing after toto ol 
the first two boilinip. At the present tone 
still shorter period of boiling has been totro* 
dneed without affecting the stabiffty of tlie 
product. 

Tbe best system Vf boiling for tJOf paitondar 
factory has to be determined to' «dal, and 
depends on the nature of the product acid 
the water supply. Too promiiged bolto^ 
causes loss of niinven and increase to toe : 
oenti^ of tRe lowcff nitntes couMtatilqi: 
nitrocellulose (Bnidly, Mem. dee BaUdna to: 
SolpMws, 1896-6, 181).' 

m some foetoriss staWlisatlnn to' tob ^ 
by ouriying out smne of the bol^nasi toflk 4 
made vary M%ht3y aBotone wito toMr 
bonota, nm. to toe Utotad States 
of sfeabS&Mitkin toe wator I 
toi «im pUfkm aiad to» 1 
oBMtofQHL nw not iiaj'' 
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obtain a more atablo product by troalment of the pulp by evacuation. Hydraulic prcasnre of 
the waebod product with a current of care- about 34 lbs. per square inch is then appl^, 
fully neutralised suiierheated water'in an auto- which squeezes out some of the water, and gives 

sufficient consistency to the guncotton to allow 
Many suKRcstionH have been made for im- of careful handling. The mass is thra removed 
nroving on the boiling process for stabUising to the press-house, and there subjected to power- 
guncotton. Lu( k and Cross claim that, for ful hydraulic pre^uro of about 6 to 6 tons per 
the produ(!tio>i of nitrocellulose for industrial square inch. 

purposes, wfishing with dilute acetone stobiliscs Those slabs and cylinders which are to 
iiionf quickly than the ordinary boiling process, as primers (i.e. which are dried and i^eive the 
Haddan (Kng. Ta^. 6830, llMKl) claims that fulminate charge, and by their own detonation 
heating for 0 IwuifS with water under pressure at cause that of the moist guncotton) have holes 
is (Miuivalent to 100 hours’ ordinary boiling, bored in them while moist, to receive the tube of 
Dll I’ont (U.S. Pat. 724032, 15X)3} suggests the detonator; and the slabs of wet guncotton 
agitating with waWr ami air under pnwsure and rnu-y l>e sawn, or turned on a lathe to any re* 
Hudderily rcleiising the prmurc ; andMelwig and quired shajM*. l*rimcis an‘ dried at a low tem- 
liunge (Pr. Pat. 327S03, hK)2) introduce steam p<‘ratimf and usually waterjiroofed by dipping 
into the pulped gunoolton whilst it is being moinenlarily in occlrfme or molten paraffin, 
rotated in centrifugals, and claim that stabilisa- No alkali is a«lde<i to gun(?otton when it is to 
tion is very raimlly clfected in this way. be used for ilio manufacture of smokeless 

Pnlpinf /.—Tim next operation tf) which the jiowders. 
guncotton IS subjoctcfl is that of pulping, which HolHngs (Eng. Pat. 23440, 1890) has patented 
is don<! by nu'ans «)f a slight niodnioation of tlic a process of <*oinpr(‘8sion whereby large blocks of 
machine like that known as ‘ the beater,’ which guncotton, such a« are rr'quired as a charge for 
is used in pa|>('r making for pulping rags. The large shells and torpedoes, can bo made in one 
pulping bvK(‘H 6 liourH, and has to be so con- piece of uniform density. 

ducted that tlie jmlp i.s not too coarse nor too Toting: MoMfure is best detoimiined by 
lino. The reduction in the length of the fibres placing the sample over sulphuric acid until it 
allows of the last trad's of a<‘id being washed out is of a constant weight. 

of the fibre I'anals. (luttmann firet introduced 1 Ash. —2 grams are heated with about 10 
live stearii into beaters, and so enabled the grains of paraffin wax, added as a n^trainer, 
previous lioiling to be considerably rt'duccd. In lirst on a water-bath till the guncotton has 
modern beaters, the wate'r is constantly renewed soaked up the wax, then gently over a flame 
during the pulping, and the pulp is frequently until the mass inflames. The source of heat is 

f lumped over a strainer or ‘ kiiotter,’ to remove then remo%'ed, and when the flame dies out the 
arge pieciis. After jiulning, mechanical iin- residual carbon is burned off as usual. The 
purities are itunoveu from the guneiitton, ash is rocarbonatod. 

usually by passing the guncotton susjtended in AlkaUniU /.—10 grams are well shaken with 
a large bulk of waU'r, through long troughs in an excess of dccinormal hydrochloric acid, 
which the grit settles, and is caught in/rapfl, and allowed to settle, and the excess of acid deter- 
over electromagnets to remove any particles mined in an aliquot portion of the clear super- 
of iron. natant fluiil with standard alkali. 

Poaching .—The guncotton is then led into Soluhle tiHroceUulofie .—5 grams of the sample 
largo oval tanks called ‘ poachers,’ each holding are well shaken for some time in a stoppered 
alMnit 10 cwts. of guncotton and 1100 gallons of cylinder with 200 c.c. of a mixture of 2 parts of 
water, in which a jiaddle whw'l rotates and keeps ether ^nd 1 part of alcohol, of 0*83 sp.^., and 
tlio pulp in agitation. 'The pulp is washed at allowed to settle. An aliquot })art of the clear 
least thitM.* times, being allowed to settle, and the solution is 'dAwn off, carefully evaporated in a 
washing watt'r eontaining suspended impurities platinum dish, and the residue drim at a tern- 
roraovt^ by a skimmer between ca<di opera- perature not al>ove 60®, 

tion. Unconverted coftm .—6 grams are well shakesn 

Mouhling atid- ‘pressing .—The treatment in for some time jn a conical flask with a loige bulk 

the poaclicr serves not only to complete the of acetone, and allowed to settle. The clear 
washing, but also to thoroughly mix the products liquid is decanted off, the residue diluted with 
of a large number of nitrating ojicrations, thus acetone, filtered on a t«red paper, washed, and 
securing uniformity of product. If the pulp dried. The ash is then determined and de¬ 
passes the heat test after this treatment, it re- ducted. Boiling with a solution of sodium 
oeives an addition of aikali’sufficient to leave in sulphide is frequently used instead of solution 
the finished guncotton from 1 p.c. to 2 p.c. in acetone. 

alkaline mailer, calculated as CaCOj. By Nitrogen is determined by nitrometer (with 
means of vacuum pressure, the pulp is then 100 c.c. bulb and gr^uated to 150 c.c.), 0*6-0’6 
drawn up into the * stuff # cylindrical j gram is dissolved in about 6 c.c. of 96 p.c, 

iron tank, large enough to hold the eontente of, strong sulphuric acid in the cold, washed into 
one poacher, and in which revolving arms keep ; the nitrometer w^th a further 10 c.c. of acid, 
the pulp uniformly mixed with the water, so; Ac. 

that it con be drawn off as required to be , Heat test. —^The dried guncotton ^ shonld 
momded into cylinders and slans. The re- withstand the Abel heat test (see Stahilrttf tests) 
qnkita quantity of suspended pulp infound by | at 76*6®C. (ITO^F.) for at least 10 minutes, 
meana cd small measuring tanks, and IS run into I Properties. —Guncotton » an odoiuIe#i, 

monra of the r^mred sise and i3iape. The tasteless, amd neutral solid, ha^ng an ab^uto 
moulds haveul^ttok of fine wire kauxe, through (i.e. when freed from air) specific gravity of 
whi(ffi a lasge jukrt of<fcbe watw » sucked from at IS-d®. ^partmt specific gravity 



|th tile included air) of dry compressed Wal> 
mm Abbev guiioott<m at 15*6'^ is about 1 or 
little higher 1; even after very con- 

de^^le prauure, a density higher than 1*4 
innot be obt^^ When dry, guncotton is 
ladily electrified friction. 

Guncotton retams the structure of the un¬ 
itrated cotton. Under polarised light, nitro- 
»^n exhibits colours wnich both ('hardnnnot 
ad laetechiitK state are determined by the 
ttrogon content, but l>e Moscnthal and Lunge 
ad that C'hardonnet's colours are not always 
mfirmed, the colour de]:>ending not only on the 
lirogon content, but ^so on the method of 
reparation. Lunge, liowi*ver, states that blue 
>lourB are characieristie of nitrocellulose eon- 
dning upwards of 12‘75 p.c. nitrogen. De 
[oeenthaf gives the refraction, of guncotton, 
f 13*5 p.c. nitrog(»n, as 1*5059, and confirms 
ignon m his statement that guncotton is 
extro-rotatory. 

Guncotton is insohiblc in hed and cold 
ater, alcohol, ellier, glacial acetic acid, and 
except the collodion cofton confciil), in a 
lixturu of alcohol jind <*th'*r. Jt is aNo m- 
duble in nitroglycerin. Jt is nwlily soluble 
i acetone, ethyl acetate, amyl a<ctate, intro- 
pii/.ene, &c. 

Guncotton is not attacked by dilute acids, 
ut it slowly dissolves in stnnig Hulplmric aci<l 
'itb the formation of cellulose sulphate and 
liberation of nitric acid. Strong nitric acid 
violently oxidises, and may inflame, guncoitoiL 
])ilute alkalis, es))ccially ammonia., and alkaline 
carbonatci^, decoinjiose guncotton slowly, os- 
jiocially when warm. Kven chalk influences 
guncotton unfavourably, but it is the least un¬ 
satisfactory of the neutralising agents added to 
guncotton, and quanlitie.s up to 2 ]).c. have no 
appreciable effect on the slablo life of a wet gun¬ 
cotton ; its neutralising eflect on any acid 
liberated during the stfuage of guncotton out¬ 
weighs its slight saponifying action. 

Silhcrrad and Farmer {('hem. Soe. Trans. 
1906, 1759) have examined ilio hydrolysis of 
guncotton in alkaline solution. Tlicy find the 
reaction coniplicaUHl by tlie redifction of some 
of the nitrate to nitrite, and the degradation of 
the cellulose to hydroxy- acids, »%c. 

Guncotton is i-econvcrted into cotton bv the 
action on it of alcoholic potassium huli>hy^ratc. 
This reaction, due to Hadow, was found by Al»cl 
(Lc.) to give 53*0 p.e. to 55*4 p.c. cotton; tri- 
nitrocclliiloso should give 54*54 p.c. cotton. 
This reac*tion is of great importance, as it shows 
that guncotton (like nitroglvcerin) is 
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bumf with almoaf explosive vioknoe. The 
guncotton, sw it lesves the faydraulio prew, 
contains about 16 to 17 p.c, wa^, and is tho) 
not combustible; when held in a flame, it only 
smoulders as it partially dries. 

Briskly heatM in small quantity in the form 
of loosely twisted yam, guncotton was found 
to explode at 150^" (Abd). The exact ignition 
point varies with the physical condition of 
the {gincotton and the method of determina¬ 


tion.” 

Guncotton can be exploded by percussion; 
but when struck by an iron hammer on an iron 
anvil, the portions ilirectly struck by the hammer 
detonate, put the rest of the guncotton remains 
uncxploded. Wooaen boxes containiim dry 
compressed guncotton, both*closely and loosely 
jiaclccd, have b«'t*n roiieatedly fired at from 
rifles, the result being that the confute of the 
box were generally inflamed, but never exploded; 
while similar pai'kages containing dynamite or 
other nitroglycerin preparations were alwa}^ 
violently exploded by being fired at (Abe^' 
'I’raiis. Boy. Soc. 1874, 359-362). The use 
moist guncotton has rendered any danger 
shock atUl more remote. 

Properly stabilised guncotton is a safe and 
permanent exjdosive when stored under normal 
comlitions. cs|K!cially when wet; many samples, 
well over 30 years okJ, have shown practically no 
signs of deterioration. Wot guncotton stored 
in air-tight vchsoIh, (Specially wooden ones, is 
liable to the formation of fungoid and mould 
growths on its surface. The guncotton is fre¬ 
quently (lipj)cd in a weak alkaline solution of 
pheuol to prevent these growths. 

Under certain cimditions, as when stored 
in contact with organic substances at rather 
elevated t<5mperaturep, guncotton may be de- 
coroiK)scir by denitrifying bacteria, with the 
production of ammonia, nitrogen, and carbonic 
acid. 

Picxlvcts and heat of (ointruntion. Gun¬ 
cotton (loTH not contain sufficient oxygon for 
complete combiLstion into COj, HjO, ana N ; the 
equation 

2UaHjO2(NO3)a + 9O=12CO»+7H,O-|-0N 

shows that cellulose trinitrate requinw 24*3 p.c. 
more oxygen for complete combustion. Car- 
boni(; oxide and hydrogen ore, therefore, natur¬ 
ally to be expected in quantity in tbo gases of 
combustion. 

In the flaming combustion of guncotton, 
when the gases were allowed to escape freely 
at nearly atmospheric pressure, Sairau an<l 


raw, yWeiin?'™ reductVoirtfiriivdroxyn^ Vicillo found a lafgo quantity of nitric oxide, 

from which it was formed, and not an amino ' g^es ; about one-fourth of the 

derivative.* It can therefore be icprcsentcd as :. ® gwes. 

' ^Vhen the guncotton is inflamed m a dosed 

t »HjOj(OaO ,)3 vessel, in which the gases of combustion cai»e 

Air-driedfairunderordinary conditions) gun- a modcjPatft pressure, no oxide of nitrogen it 
cotton retains between 1*6 aqifl 2 p.c. of mixture, formed. Von Karolyi exploded guncottc<n, in 
In this condition, on application of flame, a quantities of 10 grams, in small cast-iron 
cjdinder of compressed guncotton burns in the ; cylimkrs of such strength as just to ^Id to the 
open air very rapidly with a long and fierce flame j pressure of the gases product by uie combos- 
without smoke; i^e flame being coloured yellow ’ Uon. These cylindcra containing the gnn- 
hy the sodium eaits. The rate of combustion of j cotton nfbre mocle mr-tight, provided with the 
Ihe guncotton varies with its condition; thus, | znenns of inflaming the guncotton an 
guncotton plait in the fmrm of a flat tube bums electiicidiy’ hpated puitina;^wire, and enokiBed 
V4^ much more quickly than guimotton ym. I in a spherioid shetf of abodt 6 litres capacity. 
When dry and l^abed to abmit 100% guncotton { which was exhausted b^re the expkekm^ »a» 
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in which the |>ermftuont explu^iuo gtwtes of the 
gasootten pK)3uc<wi an excees of.nreseure of 
about half an atmonphere, which enaofed portions 
of the gases to bo removed, by means of a stop- 
coclc, for analysis. Von Karolyi found the 
permanent gases to ocjnsist of CO^ 28*5, CO 39’8, 
CH, 9‘», H 4 4, N 17-4 volume? per 100 (Pom- 
Ann. April, 1863). Abel repeated Von Karolyi s 
experiments, and found ac«*tylcno always 
present in conaidorable ([uantity in the giisiis ; an 
analysis of the jxTraanent gases <>blain(‘<# from 
10 grams of guncotton in two different oxiKJii- 
ments is given 

KxiHTiimmt I : COj 19*69. (!0 39*87, 0^11^ 
7*85, CH, 3*45, H !.’^*82, N 13*32 vols. per 
100 . 

Experiment 2:*('0_. 18*97, C() ‘il'80. (\Hj 
0'36, CH4 3*87, 11 17*02, N 11*98 vi»ls. per 
100 . 

Sarrau and Vieillo (('onipt. !M). 1058) 

have ascertaim'd IIk- volnme (at O ' and 760 mm ) 
and the eomposiiion of the jsTmanent gases 
prodinwl by the explosion of guncotton in a 
riosod vessel, and find that both vary w*ith the 

,lo„*«fthoeha..o("-— 
with the j»rc,s8ure ensuing on the e\|;losi<m. The 
following aie some of the ixwnlts obtained:— 



l)«u»lty of 

Volume of kuhos (at. 0’ 
and 700 mni.) given by 


charsc 

1 grail) giincottoii 

(1) . 

. 0*()1 

6.58*5 c.c. 

(2) ■ 

. 0*923 

670*8 „ 

(3) . 

. 0*2 

682*4 „ 

(4) . 

. 0*3 

— 


C'om/*oi//K>» of Ihe rj(Ms r 100 rohnn( '( 



(1) 

(2) 

(3) 

(4) 

(!(). . 

. 21*7 

24*6 

27*7 

39*6 

(!()■ . 

. 49*3 

43*3 

37*6 

34*8 

H 

. 12*7 

16-2 

18*4 

17*4 

N 

. 16*3 

15*9 

15*7 

15*6 

UH. . 

. none 

tnK‘c 

0*6 

1*6 


With those higher pressures, equivalent to 
higher temperatures, the composition of the 
gases is simpler ; they contain neither acetylene 
nor oxide of nitrogen, and with increase of 
pressure there is increase of OOj and H and 
decrease of CO; oxidation of (50 by HjO evi- 
denUy oiiouning, and the composition of the 
gases being the result of a balance l)et-wecn the 
oxidmng action of H-O on (^0, and of tlie re¬ 
ducing action of H on COj. 

Sarrau and Vieille, using Berthelot’s formula 
for gunoottwi, equate its aepuniposition by ox- 
{dosion thus: 0 | 4 H,f(NO,)n 02 o: 

(«) When density of charge is 0 023 : 

<«15C04'9C0,+11H+9H;0-HUN ; 

, t 

(6) When density of charge io 0*3 : 

=^13CO + na\+1 6H 4^7 H,0 + n N ; 

tile reaction witih high density of ehai^c (whieJi 
w^ndd be the oonditum in actual use) tends to 
approach the mult: 

<c)'l8C0+l*q|^+nH+«H,p-; UN 
The i^reembnt of tM aquationa with the results 


of analysis is, however, only moderat^y approxi¬ 
mate. 

* For equation (a) the csdculated quantity of 
heat evolved for constant pressure (for constant 
volume, the quantities of heat are about i-ihr 
higher), and the volume of the gases reduced to 
0® and 760 mm. (per 1 kilo^m of dry and 
ash-free guncotton), are as follows, compared 
with Sarrau and Vicille’s experimental voIum :— 

(loantlty heat Calories Volume gas litres 
'calculated found calculated found 
Wnter, liquid 1076 1071 684 687*5» 

Water, gaseous 997*7 — 869 — 

For equation (c): 

Water, liquid 1074 — 743 — 

Water, gaseous 1022 — 859 — 

Cuneotton, therefore, on explosion, gives (for 
equal weights) more gas and a greater quwitity 
of lu'at than gunj)OM’’trer *01 mining powder, more 
gas but a smaller quantity of heat than nitro- 
glyci^rin. 

Tlie heat evolved by the complete coiubustion, 
of guncotton in oxygen gas, and under constant 
privKsun), waft found by Sarrau and Vieille to be 
{K*r I kilogram of guncotton 2302 kgm.-dcgreos 
when the wati>r formed was liquid, 2177 when 
guisoous. 

Noble (Lecture to Inst. Civil Engin. April 3, 
1884) obtained more jicrnianent gas(« from 
detonated }M?llct guncotton than did Sarrau 
and Vieille with low tlensities of t;harge. Thus 
lie states that 1 kilogram of guncotton (con¬ 
taining 2*36 ji.c. nioist«r<^ and 0*30 p.c. ash) pro¬ 
duce, at ()"’ and 700 mm. pressure, about 730 
litri« of permanent ga-sos (water, liquid); or. per 
I kilogram of dry and ash-freo guncotton, 
about 750 litres of permanent gases. The gases 
wore produced in the steel exjilosion vessel 
under very high pressure. The volume of gases 
agrees fairly well with that calculated for Sarrau 
and Vieillc’s equation (c) for high density of 
charge. 

Noble states that the temperature of explosion 
of guncotton is at least double that of gun¬ 
powder ; the latter temperature he estimates 
lor ordinary H^iglisli gunpowder at about 2200®. 

The composition of the gases produced by 
the detonation of dry iuid of moist guncotton 
is given on p. 64. « 

Detonation. —^Nobel, in 1864, hail discovered 
that nitroglycdrin could be detonated by meuis 
of mercury fulminate; and in 1868, Abel 
found that air-dry compressed guncotton (like 
nitn^lycerin) could be deiotuUed by the enlo- 
sion in close contact ivith it of 5 gruns (0*32 
gram) of mercury fulminate, contaoned in a 
thin metal case (Trans. Eoy. S^. 1869,169,498). 
He subsequentiy (ibtflC 1874,337-3d6)»foQnd tiu^ 
by increasing the strength of the envelope, viz. 
by making the case for the fulminate of stout 
sheet iron, and mserting it in a closely'fitting 
hole the gunootton, the latter oouM be 
detonated witn certainty with only 2 grains 
(0*13 gram) of the fiuminate. In practice, 
however, much larger quantities of fuimiimte 
are used, in order to have a good initial de¬ 
tonation, and to provide for the jiossil^ty of 
the detonator tube fitting too easily into the noia 
in the gunoojjton. 

* 071 tttresfi^igMettofi 0Qat»lid&g^4p.e-ask* 
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;Tluf «xpk»k)ii erf tiie Eoaooikm thus CMised 
’thii 9t the fulrainete dm been 
I OR aooonnt of the loud «oa&d by vbieli it 
idloired; it diffeni from the fiamioE oombua* 
& of goooottoa by the imraensefy greater 
ed at adiich chemii^ action (oxidation of quo 
i erf Ukfi compound, the C and H, by another 
t, the. NOj) progremos in the guncotton, and 
consequent powerful me^anioal effects 
riaoed by gases formed. Abel found the 
ooity of detonation of air-diy compressed 
icoUon to be about lb,000 feet per second ; 
isequently, the large volames of Heated gases 
Muced at this great rate work destructively 
i nearer objects, Mid give rise to a coudeiiaed 
avo in the air, pr^agated with great velocity, 
breover, the air onerH resistance to the motion 
! the gases produced at so groat a rat4», conse* 
lently the gases e.xort prosHure on the gun- 
ftton and on the'ground or other HU|)jM>rt on 
bich it rests, producing powerful reaction 
EcetB. 

For the detonation of unconhncMl guncotton 
f mercury fulminate, it is essential that the 
nner shall bo in a condition to offiT resistance 
' the shock of the fulinmat><\ so that the 
leiw of the sluH-k shall licat the i/uncotton, 
>t disporao it. (Vmifm^sHcd guncotton niccl« 
is requirement, while m the form of wool or 
086 y&m it is'scattered or inflamed, hut not 
d;unated. 

Threlfall (Phil. Mag. lH8t;, 172) thus givt« 
Bxthelot’e views on the theory of detonation : 
The kinetic energy of the shock of the cxplo- 
on (by the detonator) is transformed into licat 
• the point (of the explosive) struck ; the tem- 
iiature of this jioint is thus raised to the tern- 
irature of expiosiun, a new shook is produced 

5 ^*^h raises the teniporaturo of the neighbour' 
■ortioas to the same degree ; they then ox- 
!, and the action is thus propagated with 
'er-increasing velocity.’ Tne ‘^cver-increaH- 
irelocity ’ must refer to the commencing 
of the detonation, as Abel’s measurements 
le rate of detonation of guncotton and 
mite do not bear it out. 
he detonation of guncotton ie transmis' 
across an intervening air *space which 
B inth the weight of the charge; thus the 
lation of a i lb. cylinder of compressed 

K neotton, 3 inches in diameter, will cause the 
tenation of another similar cylinder placed on 
^ ground at a distance of 1 inch, but not at a 
Distance of 2 inches. 

SilvCT fulminate is in no way superior to 
morcttiy fulminate in causing the detonation 
M guneotWn. Nitroglycerin, nitrogen chloride 
snd iodide show a remarj^ble want of re- 
otprocity in their behaviour to guncotton as 
•■^IgMds detonation. Thus, while the detonation 
M If 02 . of guncotton caused the simultaneous 
ctetonation of a charge of nitroglycerin in a tin-' 
fMAte vowel at the distance of 1 inch, and J oz. | 
prMiioed the same result aciwss an air spruce of i 
a mehes, I oz. of nitre^iycerin detonated in I 
<^tact with, a disc of compressed gun- 
jwon not detonate it, but only dispersed it. 
Jw grains of diy nitrogen iodide was unable 
to ca use the dMcmation of a pellet <rf dry oom- 
l*««®d guncotton on which tt zested; and 50 
P*™* of idtn^n -chloride (covered with a i 
of water sod contained hi a thin watch* ■ 


glass resting on the guneottem) was about tbs 
minimum anantity requited 'to bBmI the 
detonstbn &z tbo latter (Abel, Trans, Koy. 

1869 , 489 ). 

increase in the amount of water in the 
compressed guncotton, more mercury fuliainato 
is needed t.o effect detonation; the falmi* 
natc as usual being contained in a tin-phite tube 
and fittiM closely in a wntral hole In the gun* 
cotton. With«a total of 5 p.c. of water (t.e. 
3 p.c above the 2 p.c. of normal air-dry gun¬ 
cotton),' detonation by 16 grains of mercury 
fulminate is doubtful. Moist guncotton contain¬ 
ing 12 p.c. water was detonated only once in 
seven experiments by a detonator containing 
100 grains of fulminate; when the guncotton 
contained 17 p.c, water, it required 200 grains of 
fulminate to detonate it with certainty. 

(iun<iotton as it leaves the press, containing 
about 15 p.c. water, althouuh quite unin- 
Itamiuable, o^n ‘bo readily exploded by the 
detonation in contact with it oi about half an 
<mnee of air-dry compressed guncotton. For 
the t!crtain detonation of guncotton containing 
20 p.c. wat<ir, a primer of aliuut 1 oz. of dry 
guncotton is ivmiin-d: and when the gun¬ 
cotton ha» absorbed the maximum amount of 
water it is capable of doing (30-35 p.c.), for its 
certain detonation 4 ounces air-dry guncotton 
ujiplicd ill close contac't are necessary (Abel, 
'J rans, Koy. 8oc, 1874, 327). This mscoveiy 
(which was due to Brown, of Woolwich Arsenal) 
has been of the greatc^it practical importance, as 
it has rendered the use of guncotton for mifftary 
purposes very saft^; pc^rmitting the git»t bulk 
of the guiH^ottun to bo kept in a moist and un¬ 
inflammable state, wliile a relatively small 
quantity only of dry guncotton is needed for 
‘ primers,’ the dry primers being detonated by a 
suitable n^^rcury fulminate detonator. 

The velocity of detonation of moist gun¬ 
cotton is greater than that of the dry, and the 
work done by the same weight of guncotton 
anpears to Ix! equal, whether it be employed in 
the dry or moist state. 

As in the case of dry guncotton, detonation 
is jirojiagated in masses of moist oompreseed 
gun(M>tton in contact, provided the piece first 
detonated does not contain less water tham the 
others; but for transmission of detonation in 
the open air through any considerable n'umbw 
of cylinders or slabs of moist guncotton, it is 
essential that they should be in contact, much 
shorter air spaces than in the case of d^ gun¬ 
cotton .stopping the detonation. 

I’he rate of detonation of moist guncotton 
is a little quicker tjian that of diy guncotton; 
and that of guncotton saturated with water 
(containing aTOut 30 p.c. of it) is ooi^dcrably 
quicker than that of ^e dry. Abel (Roy. 8oc. 
1874) measured (by means of Noble’s chrono- 
scope) tb« rg^te of detonation of guncotton under 
^TOrent conditions, of dynamite, imd of nittio- 
glycerin. 

(flinders of compressed guncottmi 3 tnches i 
in diameter were employed *, they were placed 
on thmr bases, and, when in a continuous train, 
with oircumferenoes touching, sod 

measurements of velooity <rf detonation weie 
made at xn^ieryals of 6 MnurthmB irf 4 

feet, in the brain of guscotfjn. ’ilTie fcrflowing 
are some of the lesnlts oUamed 
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Dry gimcottuH, 170 cylin<lcrw, touching 

„ „ ^'inch air 28 fcH‘t . 

• 

Moijit guncotton (15 p.c. WRt.<ii ). 28 fiMit, touching 
W«t guueotton (.10 ji.c. water), 30 11*01, touching 
f>ry guncotton, containing 38 p.c*. KNO„ touching 


liaU of progreiiiiiou of tiie detonation: 
feet per second 


i ' 

Last 0 feet 

Mean («.*f aO 
; the measure- 

1 First 6 feet ; 


1 meats) 

1 17,4W) 

17.738 

17.122 

j 4 bait 

4 feet 


1 ir>,h7(» 

10,218 

10,770 

' 4 feet 

4 f(*ct 


' 18,4 H» ' 

18,040 

18,375 

22,574 

10,240 

10,048 

! — 


15,081 


The above n^MullM hIiow that llicrc w a de¬ 
cided inereaHc in the rule of detonation of gun- 
eottrm, when thi* air in the latter w ix;])laectl 
hy the very .slightlv c(im|ireHRibIo water—n he- 
liaviour rccalling tfi<* greater velocity of ]>io|iu- 
gation of aouml in watvr than in air. 

The velocity of propagation <if sound, too, 
comoM nearest to the detonation-velocities just 
given; thus th« e.xjterimientnl vulmis for .sound 
(of low inU'nsity) in waU*r at K"' is 4708 feet jier 
secoinl, and in ii-e is 0ril2 feet. 

Wet guneotton. wli<*n frozen, is detonated 
with eortaint.y bv the fulminate detonalorH onli- 
unrily used for dry gunerjUon (Ahel, r. .ttipra). 

The ga-ses resulting from the detonation of 
dry an<l of wet eoinpresHed guneotton wen* 
examined by Noble and Ahel. and from tlu*ir 
rcMultH the two following analy.se.s are taken. 
Tho detonation was etTeeted in a very strong 
Btenl explosion vcs.sel, m which tli<* gasi#* were 
formed under very givat pn'ssure. A correction 
phould bi* niinle in the dry guneotfon giiscs 
for the iiermanent gases {2<'<)-f-2N) of the 
mcix'iir}' fiilminat'i' detonator, and fos the same 
and those from the small i|uantity of dry gun¬ 
cotton jiriming in the ease of the wet guncotton 
gases; hut as the CO wimld bt* oxidised by the 
gaseoua water to an unknown oxU*nt, the (lin*ct 
results are given. 

Oonpwitton of t/ir pennonml [fanc.f, voh. p<r KK). 

Dry Buiicotton, 

IA2U BrsiuH iwHct. 
i:U) grains mercury 

fulminate detouat-or Wd giiiieottou 
a), . 24-24 . . 32 14 

CO . 40-50 . . 2712 

H . 20-20 . . 2074 

N . 14-80 . . U-Oti 

OJfi . 0-20 , ♦ none 

lOO-lK) • 100-00 

It is nuliceabic that Sorrau and VieiUi's 
reoultK for the composition of tho gases of ex¬ 
plosion of guncotton for the lower density of 
change (e. su/im) approarh the eoipposition of 
these dotonaUon giuiee of dry guncotton. The 
influenoo of the additional water on the gasce 
Iff detonated wet gunt*otton, in oxidising CO to 
COk with formation of H, is very marked. 

C For Ui© condition of gaseous water, a greater ' 
Quantity of heat will be cvoh'ed by tj|c detono- 
;'mn of <iry guncotton than by t^t of moist 
gonooiVn contaii^g the same weight of the 
dry maieriali,; 1^^ gases will, 

however, be greater bftm the moist than from 


the dry guneotton. The volume of the per¬ 
manent gases also will he greater w'lth moist 
guneotton, owing to the 11 formed from the 
water. 

Von Foi'sU^r, in (lerniaiiy. for spe<-i:d mili¬ 
tary use, coat.R pieces of imu-st (-ompressi-d gun- 
eott^iii with a skin of dry guneotton by im¬ 
mersing them for about a quarter of a minute 
in ethyl lo-etatci. 

It has also Iks-ii projuised t(» use paranmed 
guneotton instead of iiioLsl guneotton, pre¬ 
pared by immersing dry compressed gum-otton 
m melti-d parallin. I’he jiarallin lias the ad¬ 
vantage over W’alcr that it does not «*vaporate; 
it IS said to make dry guneiilton h-ss sniMtivo 
to slioek, hut it lowers the percentage of oxygen, 
ami IS stated to Ih* indamniahle. 

Ininuoty of nchou. —Abbot, in Ids Keport, 
givop the intensity of m’lion of compreshed gun¬ 
cotton, detonated under water, as 87, kies«*lgul)r 
dynamite No. I being 100. In comparative 
exjKwimenta made in this country’, under diflerent 
conditions to Abbot’s, giincotWn hiw shown a 
slightly greater intensity than <lynamite; as, 
loi matanee, in the displat-cment of earth by tlu* 
detonation of buried ©barges, and in the w<>rk of 
excavation done by their detonation in the bore¬ 
hole of lead eylinilers. Abel’s e.xjieriments, by 
tlie latter method, give the intensity of mdion 
of guncott{in as 101, the dynamite being 100; 
ex])cnment8 w’hich the same weight of ful¬ 
minate was used being compared. 

fW.—Guncotton is almost exclusively em¬ 
ployed for military purtioscs. for use in offen¬ 
sive torpedoes and in suoinarine mines, and'for 
flemolitions on land. It is also useil in the 
manufacture of smokeless pow<lerR, both military 
and sporting, and in certain fuses and fuse 
comi^tions. 

(iuncotlon wixUtrr/i. It has already been 
mentioned that 100 lbs. CjHjOwfNO^la require 
24*3 lbs. additional oxygen forcomple^ combus¬ 
tion into "CO# and ri|0; and guncotton, on 
account of the lower nitrates present, would 
require more oxygen. At an early period in the 
history of guncotton, th» oxygen was supplied 
in the form of potassium or other nitrate. 
PotaAium ehlonAe was also sug^ied bat 
abandoned, owing to the lack ol stamlity of the 
mixture, aithoi^h the explosive effc'ct of the 
2 ^'unootton was la<^].Y mcreaaed. 

PcimiiU n a mixture of guncotton and 
imtassium nitrate. 

ToniUt invented by Tranoh, la manufactured 
bv the Cotton Powder Co.' at FWvoraham, and 
abo at San Franeboo^ It waa origiiianj 
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Intended to be used a8 a propellant, but is now | 
only used a disniptivo cxploKive. No. 1 is 
jUk Intimate mixture of about equal weights of j 
■ret guncotton pulp and barium iiitraR', the 
niste bmng compressed into cartridges with the 
panal recess for the detonator, and wrajiix^d »n 
jaaraffined paiwr. No. 2 is a mixture of gun* 
Sotton, potiuisium and sodium nitrates, charcoal, 
nd sulphur; and No. li, a nuxtui<* of lS-2d j).c. 
■nneotton, 11-13 p.c. dinitrobenzene, ami b7- ! 
5D p.c. banum nitraU', and 0-5-1 p.e moisture. I 
,:|*bmto w^as u'<ed in the eon-struetiou of tlie ! 
tfaoehoster Ship (’anal. No. 1 is used for i 
blasting hard rock. A’o. 3 is slower m its action, [ 
and is used for soft rocks, it. i.s also used for | 
military purposes. | 

Tonit'* burns slowly and without tendem v j 
to o-xplasion on ignition. It detonaU-s naidily 
and eompletely, and fluTi' is juactK'ally no 
carbonic oxide in the products of d('tona1 ion. 

• A1k- 1 found Its uitt-uHity of aition. hy the 
loml rylmder m<-tliod. to be 84, kicsejguhr 
dynumiti' No. 1 Inarig I<M>. 

Abbot (A<ldciTilum 1. to Ins Iteport) examined 
timit.o of San l'’ran< i.seo make, consisting of 
52-5 no. guneotton and 47 5 pc. banuiii 


52-5 J) c. guncotton and 47 5 pc. banuiii 
mtrat<‘. l>etonat.ed under water, it, gave mten- 
thty Si, dynamite being ltH>. 

Whilst The intensity is lower than that of 
gunt'otton, th(‘a(* values sliow that the gun¬ 
cotton IS rmnarkalilv ('i-onoimscd in tonite 'Po 
render tonito safe foi esc m tierv mine.s. the 
cartridges are surrounded 1 >\ a layer of ' 'ricnch s 
Kire-e.vtinguiflhing (^unpound.’ 'Phis is saw¬ 
dust impregnated uitli a mixture of alum, 
ammonium chlondo and sodnini chloinle, and 
extinguislies all (lame iroin the tonitc on detona¬ 
tion of t ho latter. 

Other guncotton mixtures uie ineludod 
•under ‘.Srnokeh'ss ih.wrlers.’ 


that 40'’ is the muni suitable temperature 
fur obtaining a maximum yield of maximum 
dogrei; of nitration and solubility, and that the 
maximum content of nitrogen in tlio product is 
obtained when the ratio of sulphuno acid to 
nitric aci<l is not lcs.s tlian 0*25 : 1 , and not inoro 
than 3:1. 

The acid mixtun^ usually used ooniains > 
about (K> p.c. HjSO,, 23 p.c. HNOj,, and 11 p.o. 
lljO : and the nitration is usually carried on 
for between 1 and l.J houi's at a temperature of 
aboui- 40^. 'I’o obtain a oonifilctcly soluble 
mtroenUon it is best for tlie acid mixture to 
contain .sunicient water to form HNOa'HjO and 
H.^iS (>4 li 2 (h but sliglitly luoro water is usually 
present, llowevtu*, the exact acid mixture 
and temperature and time of nitration vary 
<-onsidenihly m ditleivnt fai'lono'', and sometimes 
collodion cotton is made in tlie told by using an 
appropiiate nitrating mixture. 

Tlie nitration is jiorformed in eilluT leatl or 
iron nitrating jiots or iHiiks, or in ecntrifugals 
and the extraction of acid, washing, pulping, 
and other proeesse-s an> earru'd out in tne same 
wav as with guneotton, except that in the pro- 
<hutii»ii of erillodion cotton for gelatinous 
e\ploHi\(«s it is iLHual to souk the nitrocotton in 
water at about instead of submitting it to 
jv boding pr(»eoss. 

(3«msen lias ilaimed (I). R. P. l()3088, 904) 
tho picfiaralifin of a nitrocotton completely 
R<4uhle in alcolnd of bd p.c. by vol. strength, by 
nit rul ing cotton with 30 times its weight of a 
mixed acid eontaming 35-4.5 p.c. HNOj, 36--40 
: Jie iI,S(),.and IH 20 p.e. il.,t t at a temperature 
: of 40 ‘-50 

J*ro//rr/ns — Collodion cotton should be com* 
pletely soluble in etlier-alcolml and in. nitro- 
! glyi-erin. It in also soluble m tlio solvents of 
, guncotton. Bernadou states that when coUo- 


('oUi^hon c<ttUni.~-~\^\' eollodion cotton, for 
llu‘ purjioscH of cxploNiv<*s. i.s meant soluble 
nitrocotton. If is h'SH lughly nilrafisl than gun* 
critteii, and at tlie jiresent time is lo(*k(‘d upon 
as a mixture, in varvuig proportion'', of tlie ili , 
tn-. t<‘tra-, and pcnta-nitroeelluloses of Krlcr's 
classdication. 

it is possible to pr(‘pare soli^lile iiitn>cotlon 
of a definite mti-«»g<‘n eontr-nl, by wotlving undci 
definite <'()iidition.s a.s to cr>mposition of acui 
mixture, and temperature, ami tiim* of nitration. 
For smokeless powders and the gelatin dyna¬ 
mites, ft nitrocellulose soluble in^tiif roglyemin or 
other solvents, containing os higli a percentage 
of mtsogen as possible, I2'5 to I2'7 ]».c., w 
d^irablc, and also one capable of holding the 
nitroglycerin l>ound, so that it dcH-s not exmle 
under varydng olimatie conditions. The limit 
of nitrogen yK^rmitted by IT.M. Inspectors of 
Rzplosives in collodion cotton iM gelatinous 
explosives is J2*3 p.e., and the usual content 
n -6 te 12 p.c. 

Manufacture .—In the manufacture of collo¬ 
dion cotton, the finer qualities of white cotton 
waste arc used. The mix%l acids ut% much 
weaker than in the manufacture of guncotton, 
and the temperature of nitration is higher. 
Lunge, however (l.c.). found that the quality of 
the cotton, provided that it has not B<‘<en 
altered by draatic chemical or heat treatment, 
had little or no effect on the quality of the 
collodion cotton obtained. He also concludes 
Vol. in.— T. 


dion cotton is immersed in ether and kept at a 
lomperaturc lifdow 0'^, it jiusct's inl,o Bohition or 
furms u colloidal jelly. Its exploding tempera- 
tu'-e is higher than that of guncotton, and its 
explosive effect much less. 

{'oll(»dion cotton, lM*.sidcs Ixiing used in the 
m‘inu{a<tun‘ of smokeleas powders and the 
gelatinous dviiamitoH, w sometimew used in 
t»ther explosive mixtunfi. For example, the 
S<»c. Umvorsolle tl’ Kxploaifs (Fr. Pat. 432863, 
lltlO) suggests an explosive containing ‘liquid 
trinitrotoluene.’ gelatinised with collodion cotton 
at about 40"-5d'‘, inconiorated with three times 
its weight of a perchlorate, or a mixture of 
ammonium pcn-hlorate and ammonium nitrate. 

PartuiUtf nohthlr nitrocotton. Nitrocottons 
iiititrmediate in nitrogen content between that 
of guncotton, of fiJbout 13 p.c., and that of com* 
pletely feoluhle nitrocotton, of about 12 p.c. or 
fcKfi, are required tor certain smokeless powders. 
TIuwe aro manufactured by varying the condi¬ 
tions of nitration, composition of nitrating 
acids, froj'oi-tion of acid to cotton, and timq., 
and temperature of nitration, or sometimes by 
carefully blending the requisite proporticna £» 
guncotton and soluble nitriKrotton. 

Lungo showed that guncottons with dimo 
I than 13*5 p.c. nitrogen are unstable, and 
Mendellbff, by nitrating at a comiiaiatively high 
temperature, obtained a soluble nittjpMselluloM 
containinjt 9 a much as ! 2 |^ p.c. nitrogen, a^d 
: this was adopted for u|e m the fbanufa^nre of 
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Hutwian military Hmokelesn powden. A nitro', 
cotton of Bimilar composition is also uRed by the 
United States Government. This nitrocotton 
has been called PyrocoUodioti, and, as Mcndel^lf 
pointed out, is approximately of the composition 
required for the conve^rsion of ail its carbon to 
monoxide on explosion. 

Smokeless Powders. 

llii-toTij. —Attempts were made by the in¬ 
ventors and early woikci's in uunootUni, notably 
in Austria, tt> a<lopl it «« a propellant. f'<%ion- 
l>oin and Otto, in !H4b, attcmpt(‘d to use jiun- 
cotton in rides, and von lx*nk, in 1802, prepan-d 
cartridgi'S of spun and woven ^uncott^jn for use 
in cannons. The jzun*'otlon wje' much too lapiil 
and violent in its action, even when wovc-n oi 
compressed, anil none of these eiuly expemnents 
was Buecexsful. 


nitrates, hardened by a solvent of the nitro¬ 
cellulose and subsequent drying. 

Some form of military smokelera powder 
became cBsontiai on the introduction of small¬ 
bore mogaune rifles, and elTorts were again made 
in 1886 to retard and regulate the combustion 
of nitrocellulose by converting it into a product 
absolutely devoid of all porosity. The sporting 
powders in use at tJic lime were only super- 
ficially hardened, and contained fibrous nitro- 
i eelluloM', but eventually VieilJe, in 1880, intro¬ 
duced ‘ J’oudre 11,’ named after General Bou- 
; langer, a conijilctcly gelatinised, dense, homy, 

; and non-]>orous explosive, made by treating a 
mixtinti of guncotton and collodion cotton with 
I othci -alcolioi, the resulting jiasie being rolled 
into thin sheetH.cut into small squares,and dried, 
and this was adopted by Fiance as a propellant 
lor llic Li'bct nllc. 


Al>e,l,in lKt)5(lCng. Fat. 1102, IStFi), patcntc<) 
a process for graiuilatiiig guncotton with a ' 
solution of gum, and also proposed to use h 
luixturo of guncotton and collodion (otton 
treated with a solvent, and KeJhicr. of W'oolwicli 
Arsenal, ut about th(‘ same time, made a gtaniiiai 
HinokolcH.^ powder from gum-otton ; but these 
powders did not get licyond the » x[ici imcnlHl 


Other countries at once began to work on 
similar bnes, and (Jeimanv adojited a similar 
jMovder, m 18K!». But jNoliel, ultcM' the inven¬ 
tion of blastiny gelatine, tried t-o utilise mtro- 
glyi'i'nii as an uiuicdient lor a smokeless pro- 
jK'Jlunt, .tnd c\cntuull\ pateiiB’d ‘ Balbstitc 
in 1888 {Fng. I'a!.. 1-171, 1888). a colloid mixture 
111 c()Ilodion cotton and nilioglyccrm, wliicli a\ 


stage. 

A setui-Hinoki'IcHs powdm was m\cnt<'fi by 
Schultze, of the Ih’usHian arlillciv, m bst-if), ubo 
used nitrat-od wood gramdated uitii a .saturatcil 
Roluiton of banum ami potassium m( rates ; and 
Volkinonn, in l87t). ubo u<-rkcd Scimltze’s 
{Mitent near Vienna, treated the grams with a 
mixture of ether eml al<-uiio!. and practically 
made a modern gclatim.scd vniokt'lcss powder. 
Tho manufacture of tlii.s jiowdcr, however, wiui 
prohibited, in lH7r>. as it infringt'd tlie gun- 
powdtr monopoii of the Austnan Government. 
Wiultze's powder was manufactured by an 
fCnglisii company nt K\c\vurtii in tho New 
Forest, in 18116. ami, witli mixblieations, is still 
in U 8 «' for sporting juiipoai's. 

The dimcultv in adopting gumotton as a 
pro}M*llnnt was its porosity, for when the powder 
was ignited, tho flame was fon'od into the in¬ 
terior of the graiua, and causeii the whole iduirge 
to oxph»de, inst<‘.id of burning ]irogr<v»ively. 
Many atlomiits wen- made to reduce the rate of 
combustion by eompnwaion, and by mixing the 
guncotton with inert ingrtHhents, sueli as im- 
nitrated eotUm, or eonting tho grains with 

f iaraflin, sWarin. or iudiaruhln'r, and mote or 
euH Buccesaful sporting powders wi'n* produced 
in tliiu way. Fi'ontice, in ISGd (Kiiir. I*at. IK').'!) 
auggostoii a sporting jiowder made ol pyro- 
paper, containing 16 ports of unnitrated eellu- 
loM; and Punehon pro]K»acd to roeulato the 
speed of combustion ol guncotton by soaking in 
a solution ol sugar, and added nitrates to in- 
oresase the explosiv'e force (Eng. Pat. 28(57, 
1870). 

In 1882 Reid (Eng. Pat. 610, 1882^ j^fented 
& proucfis for the granulation of a mixture of 
soluble and insoluble nitrocellulose, and harden¬ 
ing the grains with ether-alrohol; the product, 
known as * E. C. Powder,’ is tiw violent in its 
action for military purposes, but is still largely 
luiod AS a sporting powder. ‘J. B. %>ortiiw 
Powder.V afterwo^ introduced by Johnson and 
Boriond (Eng. 1886). was W mixtare 

of ooUodion odtton mly potassium and barium 


, fimt eIm) coiilumcd canijihor. Tins jiowdcr was 
adopted liy llic Italian (iovemiuent. About 
the same time, aii KiiglisJi Kxidosives Committee 
wjw working on the same Hubjeet at Woolwich, 
and giadiially ci olv^ed a nitroglycerin smokeless 
propellant, which was adojik-d by the British 
! (lovcniment, under this name of ‘ Cordite ’ (Eng. 

I Fats. 6()14, l 88 ‘.l; and 110(’)4, 1890). (.’ordite is 
' a mixture of guncotton and nitroglycerin, with 
;a small iirojuution of mineral jelly. A nitro- 
' glyieiin powdt i himilar in compoKition to cordite 
j WAS adopted l>y Austria-Hungary m 1893. 

, fSi'iue form of smokeless powder wtw 
j rapidly adojited by all civilised countries for 
I small-arm purposes, and since that time tlic 
manufactuiv, composition, and form of the 
explosive's have been grarlually modified and so 
perfected that, at the pi-esent time, accurate 
and reliable smokeless powders are avaiUhlo 
and solely user! as projicllanto even hi the 
lieavicst ordnowe. 

Tho general pnnciple in tho manufacture of 
all thtwe sinokelc«s- powders is to thoroughly 
gelatinise the nitrocellulose by means of some 
! solvent, so that its fibrous character is destroyed, 
i. The powder* ore more or less bard, homo- 
) geneous colloids, winch onl_v hum progressively 
■ from the Murfacc, so that their eombuetion is 
! completely under control. They are never 
absolutely smokeless, as even if they give no 
! solid pnxlucts of combustion, the steam pro- 
: duced aJwaw gives a smoke varying in amount 
I with tho atmospheric conditions. 

I CcrtHpontion. —Smokeless and semi-smokelees 

i powders can be roughly divided into the foUow- 
\ ing claascct. aocording to their compoaition : ( 1 ) 
i Nitroctdluloso powdfis, which may be compost 
j of coUdSion cotton or guncotton or a mixture of 
I the two. (2) Nitroceuulose TOwders with oxi- 
i difiing salts, in which one of the divisions of 
cJoss (1) is mixed with a metallic nitrate, and 
perhaps other iogrediente. (3) Eiirocelluloee- 
nitrt^lycerin powers, where one of the divisions 
j of cl^ (1) is combing witii nitmglyoerm. (4) 
I Nitirooellam powdea oomlnaed wuh aAotMr 
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Ditro derivativo, with or without mtroglyceriii 
and matalHo aitntM. 

MHUary smoixiw powders .—^The de&irabJe 
propertk* in a militarr smokelceH powder are 
numerous. It should oe smokeless and flame- 
lees, should not cause erosion of the bore of the 
gun, or leave any quantity of residue, particularly 
of a cofToeivo nature. It should be readily 
and uniformly ignitable, and should burn in > 
such a way that the }>rGe8ure should bo slowly ; 
developed and well sustained whilst the pro¬ 
jectile is in the gun, but no unconsumed powder 
should be projected from the muzzle. It should 
give products of combustion as free as possible 
From combustible gases, for example, carbon 
monoxide, as these tend to ignite at the muzzle 
of the gun and give a ‘ bac^k-flash,* which may 
be dangerous. It should give a high muzzle 
velocity without excessive pressui'es, and it 
must give accurate bring resmts, as a result of 
uniform mtemai ballistics. It should be 
chemically and physically stable under all 
practical conditions of stor^o, sc^ as neit her to 
become dangerous nor give irregular, and 
possibly dangerous, pressures It should be 
insensitive to variations in atuiosphcnc Umi- 
perature and moisture, and not lie allected by 
Ming lired from a hot gun chamber. Norm! of 
these properties are more necessary than others. 
It is impossible to corabmo all the desirable 
propiertice in <ine pro|H'Uant, aiul all jiiopidlants 
in use arc comjmimjsw, according to their use. 

.A completely gelatinised powder burns 
away m layers from the ignited Hui*fa<‘e. the 
rate of burning varying ilireetly with tlio 
pressure. In the o|M*n the jMiwdiTs burn 
rapidly but quietly, but in tlu' closed cliamlKT 
of a gun the products of combustion soon raise 
the pressure, and explosive burning is soon 
reached. The rate of burning of a complete 
charge of given eoniposition depends on the 
size, shape, and consistency of the grams, 
ignition of the grains usually takuig place 
simultaneously over their entire surfaces. 'Phe 
shape of grain should bo such that it gives as 
large a burning surface as possible until the 
combustion is complete. A cubical or sphcneal 
sha{>e is, therefore, of the woiWt type, a rod- 
shaped grain is a little better, but cither a long 
tubular grain or largo flat strip is better still, 
as the burning surface is then practically tlio 
same at the end os at the beginning of the 
combustion. Flat strips, howevftr, give in-egular 
ignition at times, owdng to the way the strijw 
pack together. For laigc calibre guns a multi- 
perforated grain is beet, as the burning surface 
mcreasee as the grain bums away, but if the 
grains are too long they are liable to break up 
during burning. Some modem A progressive 
propc^nte ’ aie so manufacture that the 
interior material has a more i^pd rate of 
homing than the surface layers. The rate of 
combostion may be tamed or moderated bv 
chemioid as well as by phAwicfl means. A^hough 
powders belonging to all the above classw have 
peen tried for sporting porposee, and many of 
them also for military purposes, so far as the 
Utter are eonoeme^ there ore t^day only two 
varieties of smokel^ powders, nitroceuolose 
powden and mtooodilajoae'nitaroglycerm powders. 

The smokelesB powders of tM latter cUas are 
tPPre powmfol waa pore nitoocellulose 


powdeze, for the nitroglycerin suppUes the 
pxygen, that is defloient in guncotton, for 
complete •combustion. A amaller charge uid 
consequently a smaller gun chamber are neces¬ 
sary with the nitroglycerin jiowdera for eq^ 
ballistic results. The solvent k more re^y 
eliminated w'hen the powder contains nitro- 
giyoerin, and the powders are chea^ier ; but the 
temperature of combustion is higher, and» with 
a large preporlion of nitroglycerin, the conse¬ 
quent erteion of the gun is serious. The erosion 
can ba minimised by the inclusion of a iiioderant 
in the composition, such as the 5 p.c. of mineral 
jelly in cordite and tlie metallio nitrates in 
certain sporting powdera. The nitroglycerin 
powdeiw are decidedly more stable than the 
pure nitrocellulose powders. I^ilrooellulosc pow¬ 
ders tend to give irregular ballistics, owing 
to their fiometimce more! porous nature smd 
frequent physical instability on storage, and 
someiitiics quite a small proportion nl nitro¬ 
glycerin is added to remedy this defect. They 
also liavo a relatively rapid rale of decomposition 
on storage, but this may bo counteracted to 
some extent by the use of a stabiliser. Their 
great advantage, particularly for small arms, 
inachiiK' and qmck-liring guns, is tiiat they are 
relatively cool burning, and give considerably 

(TOHion than tlio nitroglycerin powders. 

Nitrocellulose jmwders are, at the present 
time, generally made entindy or largely of 
soluble nitroeotton, otherwise acetone has to 
be used for complete gelatinisatioii, and the 
linished grains are then harder and more brittle, 
j>articularly if the elimination of the solvent is 
carried too far. These tend to break up on 
Htoiugc or in the gun, and give irregular ballistics, 
and sometimes daugcrouH pressures. Nitro- 
cellulate powders containing much insoluble 
inirocotton arc somctimcH used, os in France, 
hut they art' incomjilctely colloided by the 
ether-aleohol used as solvent, are more porotzs, 
and are liable tr> gain or lose moisture, accordu^ 
to the storage conditions, with consequent 
irregular firing results. Generally, the powders 
with lowcHt normal moisture content are least 
proiiti to alteration of tjiis content with varying 
sttirage conditions. The nitrocellulose powders 
are more bulky than tlio nitroglycerin powdera. 

Sejcondnnf Hcsides the main 

ingntdients, nitrocellulose and nitroglycerin, 
mibtary smokeless powders usqplly contain 
small quantities of other substances added for 
attaining some sfiecial jiurpose. These secon¬ 
dary ingredients may be added as moderants or 
deadeners, stabilisers, or cooling agents. 

Moderantff or deadenf^s are added to reduce 
or control the ratlb of combustion of the explo¬ 
sive. Amongst these substances may be men¬ 
tioned camphor, vegetable oils, such as castor 
oil; and mmeral hydrocarbons, such as para£^n 
and vaseline. 

SUiMliSers. —The addition of a small quantity 
of alkali was frequently made in the early days 
of smokelem powdera to combine with any aotd 
developed in them on storage. This additioii 
alkaline neutralising agents was, however, soon 
shown to be harmful, because they are liable, 
under c^ain condiUons, to hydrolyse the nitro- 
eompouD^. • 

This is true even of ^ mild an alkali a# 
calcium carbonate, Al|pi^e ne^tralkera yirid 
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liiiritcH, which tlo(fjtu})UKt) at'ain at elevated decided tlame. To pi*oduco ixfiamekss explmive, 
tcmiiemiureK, and k<> act catalylically ia decom- subetancea arc added ho oh to mix the pruductB 
pfwing the lutrocelhdoHc. • of cxplonion with a sufticient proportion of non- 

ItoHidual 8<>lv«‘fit wiiK f«jun<l to Htabiliso the inflammable ga« to proU^rt the inflammable 
powders to a j-oriKidcrable extent by absorbing gases from the atmosphere until their kwpera- 
the pHHlucts of decomposition; and to prevent turo has fallen b<dow their ignition-point. The 
rapid loH« by evajioratiou, solvents of high problem is similar to the production of a safety 
boiliiig-noint were used, for instance, a little detonating explosive for u.se in llery coal-mines, 
amyl* alcohol waa added to an ether-alcohol and similar remedies have lieen proposed, 
solvent, 'riie ehminaiion of the solvent leaves Duttenhofer (Eng. I’at. 24782, 11)04) pro- 
the pitwder porous and so accelerates thc^rato posed the addition of an alkalmc lucarbonate, 
of decomposition. claiming that it liad no detrimental eflect on 

The more usual metliod of stabilising is to the stability of the e.xploKive, as is the case with 
ad<l a small quantity of some substance that tin* normal carbonate, It cools the llame by the 
will form a stubh'coiiqxnind by chemically com- liberation of its water of crv.stallisation and 
billing with any liberated jKU-oxidi^ of nitrogen, caibon dioxiilc. In a lati-r patent, 
and HO act so long as any of tlio fn‘e substance (I’j-. I’at. IlMil*) juojioses a mixture of 

is left. Aniline, dtjihenylaminc, aminoay.olM'ii- ! carnaulia wax, bees wax, and sodium bicar- 
zene, nilroguanidiue, phenanthreiie, tlie higher j bonate. I'klwanis {j<'ng J’at.s. 24(t25, 11107, and 
alkyl derivativt'W of tlie anilides of orgamc acids, i 12I8H, prf>puscs a similar mixture, in 

and similar eonqiounds arc ailded fur thiH ' wincli t.he soiiiuiu bicarbonate may be replaced 
purpose. The vaseline in eonliU*, although i by the ammonnnn or inagne-siinn emnpoiinds ; 
origiiuiUy added for another jmrposo, has Ixsm land \ciid<‘r (,Fr. Pat. 405822, 1005)) claims for 
proved to havi; a marked stabilising influi nce. ’ hydrated magnesium carbonate or nianganese 
Soaiw. rosins, and oils have also been suggested poro\i<le. ISoduiin nsiiiate and other sodium 
us slabiliserH. and }»ota.ssium salts liave bixui suggested, but 

'Pile French Oomiiiission, on the explosion of these give more simike on tiling. Oxalic acid 
smokeless powder on the ‘.Icuu’ in 11H)7. clifw and its salts iuue also been t.ncd, hut a really 
attention to the fact that sulistauccs )ik<‘ suitable iiigreilu'nt foi dceicasing the flame of 
(lijdienyUmine and anilitu^ not only act as smokeli*ss powdci-s in guns of large calibre has 
stabilisem, but also as ivd/cutoi.s of d<‘Composi- liowever not vet been found, 
tkm, owing to tho formation of local spots or .VoltJ/a/v.—M’lic soheiitH used in the gclatini- 

f latches of peculiar colours, and such sulxstaiues sation of sniokclcss jjowders are usually acetone, 
lavo IxH'ii increasingly used for tins purjioso cth,\l acetate or iim>l acetate for guncotton 
since that time. powders, and a mixt ure of ctlicr and alisihol for 

CodhKj oyni/.s.- -Most smokeless powders 1 the collodion cotton powdeix 
have a high tcinperaturti of explosion, wliicl! not Pt»w<!crs gelatinised vnth ether-alcohol are 
only eanw'H erosion of the boro of the gun, but very liable to blister, curl uji, and become dis- 
also givt« a str<»ng an<l rr'iubly visible tlame. torted during drying, owing In tlu' rajml evajK)- 
Tho imm> complete the eoinhuslion, the higher i ration of the ethri, ami there is difbcuHv in 
the temperature of explosion, and simple altera- j driving olT tlic amyl acidato owing to its bigh 
tioii of [iroportions of the ingnsiients (*f a nitro- I boilmg-pomt. 'I’he eiurcet iirujxuiion of solvent 
glycerin and mtioei'llulosir exfilosivc, so as to i iiiw t(. be eaiefullv workial out for individual 
remlcr the combustion hw comidete. muI! givt' jiowriers. Too much solvent increases the 
a lower temperatun' ami less flame, as is in- j difliculty of drying, am) lnere«^ses the liability 
staueed by ‘ imHldied cordite ’ The HubHtance,s | to distortion and eraekmg, whilst too Uttlo 
adiled as modiTant^i {motallie iiitrakw, nils. i delavs tlie mixing ami renders it imperfect, 
fattv and minor.d, wax, resin, camphor, Ac.)! Tlie secomlaiy ingredients are usually dis¬ 
tend in the same direction, ami the addition of ; solved in the solvent before it is added to tho 
charcoal has also been jiroposed. With these ' mam ingi’odients. 

additions, the products of eomhuHtion contain i Heating u-itli camidior under pressure, in- 
moiv rarboiuo oxide and livdrogen, and the ■ stead of treatment with nolvonts, gelatirtista and 
actual tt‘m|>rratur<‘ of exphxsion is less. The hiardcns soluble^nitnicollulose powders, but this 
addition of a siiflieient quantity of these sub- | substance, as it rt>mains as a constituent, oauses 
Btani'es to ad(‘quatcly rt'duec the temperature j physical inst'abilitv owing to its volatihtv. and 
of expkwion frt'ipient ly causes a serious reibictiou I its use luus Ik'OU abandoned. The use of phenyl 
of the exnlosive power, and in some eases is | lienzoaU', or an ester of a hnmologue of ^enol, 
objectioiialde through nmdJring the grains , for the colloiding of soluble nitrocellulose has 
brittle. The 5 p.c. of mineral jelly m cordite | been patented by the Dupont de Nemoure 
offeets a considerable itKluction of the tempera-j Company fU.S Pat. 1101863, 1915). The sol- 
ture of explosion without serions cfTect on the i vents used in the gelatinisation do not. as a rule, 
balUstioB, for, although the Uuniieri^urt' is ] remam in the tinislied powders excejit in very 
reduced, tho volume of gas is inen'^ea. The i small quantity. 

use, in c^^mparatively large quantity, of sub- A/nga/Wchfrr.—Qnly a general outline of the 

Btanoes like guanidine nitrate, nitroguaiiidine, manufacturing processes is given here: tho 
and substituted ureas, has been claimed to details vary, and some are given under individual 
reduce the temperatun' of explosion without powders. 

reducing the ballistics of the powder, i The dr^ng of flie ntfrorof/iw.—In this 

With incomplete combustion, howler, the country’ some 30 p.c. of water is left in the 
carbon rfionoxideand hydrogen inflame oncoming nitrocellulose in* ito finished condition as a 
in contact with tho^r, and, bummg together safety measure. The nitrocdlulose, either loose 
with any unonmt chf rge, produces a very or, for convenience in han<il^ and to prevent 



EXPtOSIVES. 


dust, lightly oompmwofl into cyliiulrm or slubs, i 
i« dried by'exposure on tiers of copwr- or brass-1 
gau£o trays in well-constructed and well- { 
uolatod wooden hiite or ‘ stoves ’ by means of | 
a current of dry air forced in through a scries ' 
of holes at the top t)f tlic stove and Ji'aving 
through openings near tlu' flrxir (tlic inoistim*- 
laden air falls as the temperatuhr is lowered by 
the evaporaliim <*f the wut<T), the temiierainre 
in the stove lM‘ing kept at. about 40'. The 
drying takes }ip to sevi-ral day” a«conlnig to the 
degree of eoiuius^ssion of the iiitroetOlulosc. 
This iH one of the most dangerous i»j)erationK 
in the manufacture of siii(»!o‘k*ss povvilor, 
esp«‘cially when tlu- lio-t portions of t he moistim- 
arc^ beiiig driven oil. An\ dry dust is very 
susceptible to ignition by fru-tion or siiock, 
and the dry nitrocotton is riwlily electrified 
even by a current of dry air, and s|K*oial pre¬ 
cautions have to hr- taken t-o conm-ct the drying 
travs to eartli, tlu' nci'WMly for wliu li «as first 
point-«sl (piit by deid. 'I'lu* nitrocotton must 
be cooled ilown before unloading*tlu* sto\(“, as 
it is nion‘ suseeptddi- to ignition by friction oi' 
j*ereuH»ion whilst hot. and the sto\e.s an- 
spiicially constructed to avtiid itic a< euinnlation 
of dust. The nilroc-c-llukjse is sometimes dried 
by rt-moving jiart, or the whole of the «ator 
by tri^ating it with alcohol. 'Plus proci-ss was 
used in IHbl m Austria, ami was patcnt<‘d in 
England by Iturnford in IK!t2. 'Po ri-nder tlie ^ 
nitrocellulose anbyilrous, it is first soaked in 
al<-ohol that has been prc\iously used, sipieeri-d 
and jiressed. and then treated smnlariy with 
fresh aleoliol. W'hcn e-tlicr-alcohol is to be 
used os the gelatinising agent of the nilro- 
collulose, displacement of tlu* watm- liy alcohol 
is now thi! usual mctliod of (•liininatmg tin- 
water, and tins method is in gcnei-nl use m tlie 
Uuitod States and on the. Continent. The 
nitrocotton is packed into the e\'lind<“r of a 
hydraulic prt*ss and alcohol forced through it. 
Water is at first foreed out, then a weak alcohol, 
which is collected and rectified f>y distillation, 
and finally only sliglitly wiuikened aleoliol, 
which IS used again for the pieliminarv disjilaci-- 
ment of another cylinder of ug-t nitroeotton. 
The nitrocotton is then suhmitteil tti a higher 
pressure, so a.H to leave only suflicient aleoliol 
in the ma.ss for its golaf iniaatioii on admixture 
with other. Ikdiydration by aleoliol is earned 
out in some faetorii-s by sjjraving the alcohol 
over the nitrocotton packed to form a layer 
over the basket of a centrifugal. A further 
advantage of this process is^ that unstable 
impurities are eliminated by ibis washing with 
alcohol. IJerl and i)eply (Zeitseh. Ges. iSeheiss- 
u, Sprengstoffw. 19bb 8, &e ) have examined 
the impurities extra(;ted by tlie alcohol in the 
dehydration of nitnx-otton, and, besi<le« a small 
quantity of inoi^anic impurities derived from 
the wa-sh waters, find them to consist of a 
sticky brown mass of lowly-nitrate^l organie 
matter of poor stability ana low ignitiorf point. 

Mixing and incorporating .—The nitrocellu¬ 
lose should be in as fine a condition as possible. 
The first wetting with the solvent is a difficult 
matter, and is sometimes effected in varu6. The 
aliaence of all dust, when once the solvent is 
added, makes the manufacture of smokeless 
powders much satkir than that of gunpowder. 
Even if ignittou ocoun, the combustion, though 


rionT, never leads te explosion, and is usually 
very local, in its effeite. The introduction of 
alcoholistug the wet nitrocotton in the manu¬ 
facture of nitnicellnloso powders renders their 
manufacture a safe one from the beginning, 
except for lire risk. 

The incorporation is wmally carrie<l out in 
kneathng iniwhincs, but somiiiinics by lulling. 
'Pbe kneading machine almoat exclusively used 
i.M that of WenuT, IMleidcrcr, and Jkirkins. It 
con.M-ste of an iron trough, the iipjH’r j>art of 
which is rectangular. The bottom is in the 
I form of (wo parallel half-cylinders, in which two 
; 110417’ 8crow-Nha|H‘d ptuIdJe-bladcs itwolve in 
i opiiosilo directions, om- at about twice the rate 
i of tlu- other. 'J’lu- allowani-o In-tween the 
i bladc.H and bottom is small and the mixture is 
; thoroughly knoadi-d and mixed between them 
\ and the trough. Some of the solvent is first 
; introduccil, tlu-n the nitroccllulof-’c and any other 
I ingiXMhciit", and finally the remainder of the 
; solvent. 'Pho incorporation takes some hours 
! for eoiiipletion, and at the end tlie tniugh is 
' tilU-d, and the din-clioii (d rotation oi the 
I blades rcv<“rsod, the fiiiislu-d ‘ dougli ’ being 
; thrown out and caiiglit in a suitable box witJi 
a lid for Iransfei-ence to tlie rolling or pressing 
I bouse. The mass becomes Cfuisideiubly beat-tHi 
■ during tlu- kneading, arul td jiri-vcnt loss of 
] solvent, the imwlune is covered ami the Imttom 
IS Hurroinul(-d liy a cold-water jacket. It is 
neei^sKury U> <-onnc<t the mixing machines to 
earth, a-s in the cose of tlio drying traya. 

When the material is to bo w'orked intc> 
sheet^i, th(^ rolling is soim-tiines effected in two 
ojierations, the first to cfTeet incorfioration of 
tlu- matcnalH, and then between closer sot 
i ffillcra to reduie tlm sliects to the requisite 
thickness. Eor powders of the bolliatite typo, 
the rollers are hollow and steam heated. Th< 
sliects an* then dried to drive off greater part 
of the solvent, and again rolled to eliminate 
any blisters formed during the drying. Thick 
! sheets are produced by folding the tliin sheets 
j over and over and passing them backwards 
i and forwards betwis-n the rolls, by which moans 
; a liomogcnoous thick sheet is obtained. In the 
: manufacture of strip and flake powders it is 
n<iw more usual to incorjiorate as usual and 
press the dough through a suitable die to give 
a nbbon of the niquired tbickmws and width, 
, which is subsequently cut into suitable lengths 
. for drying. 

Cutting and jrrrming .—The partially dried 
sheets are usually cut into small square plates. 
^ The machines generally used are similar to those 
in use at the GrtTnan Govcnimcnt factory' at 
; Spandaii, in which two sets of revolving ciiculaa* 
; cutting knives, slightly overlapping, cut the sheet 
into strips, which are then fed over a fixed cutting 
edge, and chopped into plates or cubes by a set 
of rotafing knives. Round flakes and di^ arc 
cut from cords. After cutting, the ^ins are 
further dried. For the preparation of sphericiU 
grains the pasty mixture is cut into BomU 
fr^ments, frequently cylinders cut from cords, 
dried superficially, and then rolled over a 
rapidlylwcillated heated surface. 

Cord and tube powder is usually^ pressed 
through as in ^e mspiufacture of cordite, 
the materiiu being someffmes objected to a 
preliminary Tolling to exclude aar lobbies, but 
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fche Austrian rifle powd('r is stated to bo drawn but it has a disadvantage in leaving a nsidue 
and not pressed. For produ< ing the tubular in the gun that is difficult to remove. A 
and multi-perforated j)ow(ierR, one or more pins small proportion of vaseline, or paraffin wax, 
are arranged so as to jtroject into the holes of is somotimee added as a modcrant. Starch is 
the dia«. Wiieii long ])erforalod tubes are to used occasionally to help in tlie agglomeration 
Ik* manufactured, tlic pins (»f the dies are tubular, of the grains, and camphor was at one time used 
so as to admit air into the powder perforations, to help the gelatinisation. Mononitro- and 
othorg^ise then* jm a tendency for the tubes of <hnitro-benzenes and toluenes are present in 
powiicr (-0 colla|)Hc, somrfpowders to moderate the action, and a^kt 

Dniinq -Thn powch-rs are dried '<lowlv in the gelatinisation. Lamp black, wood meal, 

><trf»vos, at a ti'iuponitiire of about 4(t''. ^I’he various gums, and potassium fen’oeyanide have 

time <if drying depeudn on th<* sj/o and sliajK* of also been used as ingredients, and a small 
tlie grams, but usually lasts sovi-ral days. In proportion of calcium carbonate has been added 
modern faistories, t-be (Iryiiig Ht.f)ves are air- : for stabilisation. The mixtim* is usually 

tight, and the current of hof air is drawn. b\ ; granulatt'd either by sprmklmg with water 

nn'aas of fans, through speeial apparatus foi i and rotating in a drum or by spreading out on 
recovering the solvent. In some ea-ses, the ! a rapidly oscillating table, but sometimes the 
solvent is largely elimmalc'd by boiling Ibe ’ luixturo is shglitly eompresaed and afterwards 
sliaped powiler in water. The Dupont- de | broken up into grains, which are then sifted 
Nemours (Company (Fr. Fat. IJH5) sug- ' and dried fn all cases, the solvent is sprinkled 

gest drying .sinokel(*ss pow<ler.s by Is'ating the i over the powdiT after granulation. Tho manu- 
grains in oil at al>out KMi (t, the lilieraled I faetiiro ot these powders is described in detail 
solvent being eoiuh-nseil and n'covored, and ; by Dlascr (F!ng. Pat. 23105, IS02), and by 
f-he oil subso(|uent!y n'moved from the surface i .lon(;.s (Eng. I'at. 1154, 1807). 
of tlio grams l»y washing with acetone. | Tlie bulk powders are graded according to 

Drio of tho drawbacks of pure nitrocollulosc ; t he number of grains weight that are equivalent 
powders is the rlilliculty oi eliminating tho i to the* .‘i dram.s measure of black powder. Tho 
solv(*ut m a reiisoimble time, especially from tho j original standard cliarge was 42 grains, to*day 
larger sr/os. wiilumt <5ausing th<* dovi'lopment of ; 3.3 grains js the most common, but there are 
i*racks on the surface of the* grams. vSonietnnes also 38-. 30-, and 30'grain powders, 
a rather large propiuiion of solvent is left- m tlic The condensed jMU'dcru have n high density, 
powder, but then lui sj,oragi> tin* solvent and the charge occupios only one-third to one- 
evaporat4‘H, and cracks may also form and .so half that of a gunpowder charge. They are 
render it inipossible (o attain the eoiiKtancy ot used in cartridges with a false base of coned 
ballistics ne(t**sMary in a military powder. 'I'lie pap<‘r. or m smaller cartridges in spcidally 
solv«‘nt can be inoio easily rt'inoved from mtro- ilc'signed modern weapone. These powders are 
glycerin powdei-s, am! the higher tho ]«*rconlago ' <'oinnletoly golatiniscfl, and are made in a 
of nitroglycerin the more rapidly and more similar way to the military flake small-arm 
offieiently can tlie solvent be eliminated. powilers. The reijuisile rate of burning is 

Tlio flake small arm powders arc usually obtained by suitable adjustment of size and 
graphited, so that tho grains may run freely shape of tlie grains. The powder paste is rolled 
through tho cartridge-loading machines. into thin shoots, which are cut up into small 

niendinq. —'\'^\ ensim’i uniformity of ballistics, : flakes, and the grains dried as usual, 
tho different- batchiw of powder an* tliortmghiy I Occasionally sporting powders are made by 
blen<ie<l. ; an intermediate process, tho grains being 

A'/)orffw/7.i»aoiv/c,i,v liavr* the advanti^'O thoroughly gelatinised. Tho powder, wet with 

over black powdi'r that tliey gives h'ss recoil .solvent, is tro^tt'd with steam, so that the 
and loss noise 'Phev may In* bniadlv divided solvent rapidly evaporatce and leaves the grain 
into two idasses—bulk powders and condensed in a bulky form, but tho nitrocelluioso is har- 
powdore. dened throughout tho mass, and waterproofed. 

The. hulk have a low tlensit-y. and are Proiicrtlis. —Pur© nitrocellulose powders are 

designed so that a charge may have the same grey to yellow, and nitroglycerin powders yellow 
bulk as black gunpowder to give the same to brown in colour. They are sozneUmee 
velocity and j)n’«Rure. and so that the standard ! coloured by the secondary iiu;redients, or dy© 
12-bor6 papr cartridge, of ineiuvs nominal aubstanoRs‘may bo added, ana the grwna, more 
length and hohling 3 drams of gunpowder by especially those of smaller size, are frequently 
measure, needs no alteration* They an^ used ('oaterl with graphit-e, giving them a grey to 
mainly in shot guns, and only to a limited black colour. The suriface is uso^y smooth, but 
extent in sporting rifles. Relatively t-o military somotiines mat-teil. The powdeiu usually have 
powders, they are riKiuired to lie quii k-btirning, the consLstency of horn, but those containing 
and are oonsoiiucntly not so completely gela- nitroglycerin are softer and more readfly out 
tinised. The gnuns are loose and ortly^suiface than the pure nitrocellulose powders. The 
hardened by moans of a solvent. They are specific gravity of t|?e powders varies with their 
usually oora{K)sed of soluble niri*ocellulose, or a composition and mode of manufactuze, bnt the 
* mixed nitrocellulose containing about 12’^12‘8 gravimetric density of the sm^ flakes or grmns 
p.c. nitrogen, incorrorated in the usual mill is usually between 0*25 and 0*40. 
with a mixture of barium and potassium The shape of the grains varies considerably, 
nitratce. Usu^y about 7 parts of^ barium Sporting powders are usually in grains or very 
nitrate are used to ! part of potassium nitrate, thin fla^; military sma^-arm powders 
but sometimes lkaci|m nitrate is,ulfM;i aion^ in thin squares, rectangular plates or dira, or in 
Bskrium nitrate ha^l^ advauta|m that it is smidl cubes, thin cords, or nirrow ribb<niB. 
not hygroscopic and ^elds very litUe smoke, powders for luge guns may be in the lofm 
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il^bons, thick oorda, round or square se^ioned, 
MTge cubes, tubes, or cylinders, the size and 
ihape of the grain being adapted to any parti* 
mlstf-aized gun, so that the highest p<^ible 
nuzzle velocities may bo obtained without 
)xc«esive pressures. The larger the grain, the 
ess the imtial burning surface per unit weight, 
uid the sloiror burning the chaige. The 
ihioker cords and cylinders are frequently per- 
'orated through their length by one or more 
ino holes. The length of the perforated cords 
nust not be too great, or they break up into 
ragments under the luossure developed in a 
pm, and the excessive pressures developed may 
jurst the gun. If very long, tubes will oven 
jurat when fin'd in the open. Soinetiuuw long 
jerforated cords have transverse cuts or j)erfora- 
.ions made in them at intervals to focUilatc the 
)ac^>e of the gases and prevent the bursting, 
regularity of ignition caases irregular 
juming and pressures. Vlakos, Ktri|>8, and 
ibcets may ignite and burn irregularly, owing 
>o the grains otlhoring together.* 'I'o prevent 
;hiH irregular ignition and burning, tho flakes 
iro frequently cupped, or the edges scalloped 
>r grooved, and tho strips and shwts have grooves 
Mit in them, or have ridges or small projections 
noulded on their surface. Fully gelatinised 
;)owder8 give a surface that is less fax ourahlo for 
gnition than the more porous jmwderN. Uoiigh 
slges on the grams or .strips tacilitate iguiitmn, 
i)ut if not normally present and allow'<'d for, 
nay Iwwl to too rajml ignition and abnormally 
ligh prew.Mur(«. Schmidt (I) P. 2K()7H4, 
1913) proposes to give a hardened rough surface 
luitahlo for ignition by first gelatinising the , 
)Uter layers of the pi'ossed grams in a hatli of \ 
fcoetone, and then degelatinising the surface by i 
lipping in a bath t>f benzene, or light |Mitro- ; 
leum. i 

To obtain slow initial burning of the grains j 
ind low initial presHurofl, powdi'rs with delayed | 
ignition and progressive rato of burning have 
bwn introduced. Tho grams arc sometimes 
joated wdth a deterrent, either a non-explosive, 
«uch 08 graphiU' or a wax, or a semi-explosive | 
like dinitrotoluone. The idea oi^Jd/n/ed ignition \ 
was patenUnl by Jones (Eng. }*at. 15553, 1898), i 
and was a most important steji in the develop¬ 
ment of smokeless rifle powders. He suggested 
the use of a wax, or a mixture of waxes, a solid 
hydrocarbon of high melting-ijoint, solid sub¬ 
stances, like dinitrotolueno, which have, when 
melted, a solvent action on tho substance of 
the grain, or of graphite mixed wdth a email 
quantity of oleaginous substance. In tho 
progrM9iie pr^dlanls the grains are built up 
of layers of different rates of burning, the inner 
layers having the higher rate. In the Dupont 
powders this result is attained by regulating 
the processes of manufacture so as to close the 
minute pores with tho result that the density of 
the muins is very high in tho surface layers, and 
gradually decreases toward/? the interioi^ ^eee 
TOwders are very cool burning, and not so 
hyaroscopic as ominary nitrocellulose powdem, 
give a marked increase of muzzle velocity 
with<^ increase in chamber pressure. Pro- 
frwsive powders aro made at BSttweil by 
impn^gnating tiie surface layers of the grain 
•fth * c^trabte,’ dimethylph^vlurea, as a 
wrtr^ner, and m other powders of this class the 


grains are im|n«gnated by soaking In a weak 
I solution o^paraffln wax in benzene. 

Stability, physical and chemical, under all 
conditions of ^imate, storage, and use, is one of 
the most desirable qualities in a military explo¬ 
sive. Kmokol(!«w powders xisually contain small 
quantities of moisture or residual solvent. This 
has a cormidcrablo influence on the sh^ting 
qualities f)f a powder, and has to bo carefully 
regulated in tiuantity. Tho effect of exc<«s of 
' flolvfnt, oHjjooially on the nitrocellulose powders, 
in causing physical instability has lieen already 
' pointed out. Ihire nitroeelhilose or nitro- 
glyoerin-nitnK-eUulofic powders are not affecte<l 
by moistun', hut all nitrocellulose powrders are 
subject to sliglit doterioration on storage, the 
, detcri<tration Iwing a (unction of the tempera- 
; ture, increasing witli rise of temperature. The 
\ clieniical stability of military powders is tested 
' on inanufttcturo and at fnvjuont intervals (see 
i AV/d;t7i7// Nitroglycerin powders may 

j exude nitroglycerin tm cold storage, but it is 
•usually re alworlw'tl at normal temperatures. 

I'^nuikolms powders require smaller ehaiges 
^ and gun chanuiers to produce equal velocities 
with black gunpowder, and the pressures are 
i mon' slowly devel(»ped and Imtter sustained 
I w'hilHt the shot is m the bore of tho gun. This 
' gradual dcvclopinent of th<' jireasure aopends on 
' thoir colloidal nature ; the grains when ignited 
oiilv burn in Huccessivo Jay<!rN, even under the 
' high iirosKureH developed in a gun. An ideal 
propellant should have a low maximum pressure, 

■ slow’ly developed and maintained bo long as the 
projectile is in the bore of the gun, and should be 
completely eotiHumed at tho moment the pro¬ 
jectile loaves the Ixire. 

Tho regularity of tho shooting of smokeloiB 
powders, after regularity of ignition, depends on 
tile purity r>f the matemls and the per^tion of 
tho manufacture. All powders are carefully 
blended, and subjoctod to analysis and a test for 
prossuit'e developed and velocities obtained 
l>efore acceptance. 

>SmokeIrw8 powders are very insensitive to 
shock and percussion; they are not fired by the 
passage of a bullet through them. Even those 
powders with a high percentage of nitroglycerin 
cannot Ik^ detonated by means of a strong 
detonator, unless there is much unabsorbed 
; nitroglycerin present. They are somewhat 
difficult to ignite, and sometimes ignite irr^u- 
j larly, owing trf) their horny nature add smooth 
j surface. Sniall-ann powders require more power- 
i ful caps than block gunpowder, and the larger 
j chargqp require priming with gunpowder or 
! guncotton to make ignition oertoin. The 
> Ignition point of gelatinised nitrooellul^ 

, powders is alxiut 175°-180*^, and of nitrc^lyoeria- 
1 nitrocellulose powders about 180°“i86 , when 
I the temperature is raised rather rapidly. The 
I ignitioit point is lowered by heating up slowly, 

I and even a trace of acid has a consideraw 
! effect in lowering the ignition-point. 

The solid residue from smokeless powdrai 
! and its effect on the foimation of r^ m ssudi 
i arms has been examined by van Pittius (Zeitsoh. 
f angew. iChem. 1906, 848), He fonnd Uut a 
graphited pure nitrocellulose powder |^e idwni 
OTip.c. dfqfaintfyalkallMresidue. The matter 
insoluble in water p.c.,wmd ooatidBed 

‘ gr^hite, oxides of cop^ and and traoea <A 
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antimony Kulp}ii<ic\ TIk' ho]uI>1<' roKiduo, 01 p.c. | subHcquont oiling with a viscous lubricant will 
on the fwjwder, t (nitairn*(l 17 p.c. |>otaH^iuni fern)- 1 be suflicient to pwwent rusting, 
cyanide, 17 p.c. arnttMiniurn carbonate, 13 p.c. j The erosion of the bore of the guns caused 
ferric chloride, '{! p.<-, putassiiirn carl>onate, | hy smokelejss powders is almost entirely con- 
10 p.c. nilciurii < lilnnde, 7 p <•. cojtper sulphate, ; ditioned by tlio tcuijM'rature developed in their 
an(( r» p,c. j»ola.shMitii Htiliinonialc. The residue i cxplo.sjon, and not to any corrosive action of the 
coiitfiined no mtrati-s, nitrites, «IilorateH, ' j>roducts of eomhiistion. It is greater with 
cyanides, oi siilphiiies. A grajiliited nitroeol- i tli<‘ jiowdei's containing nitroglycerin than with 
liilose-nilniglv'eiin powder, 40 ; 00, gave al><»ut ‘ the jnire nitrocellulose powders, 

2 p.c. of a fuinfiy alluiliiie residue of wliich oiilv ' The gaseous products of combustion of 
ubouf. ,A|dli was insoluble 111 wutci, and coiitilfned Hinokclcss powders are water vapour, carbonic 
graphite and oxides ot iion ainl coj>per. 'riu* acid gas, carbonic o.xide, hydrogen, nitrogen, 
Noluble residue c-onlaiiicd Til ji.e. pi.tassiuni uiul a small quantity of rnaish gas. Sometimes 
carbonate, pc. potasHiuni cliloiide, 11 pc oxides of nitrogen arc formed when the explo- 
IsdnsHiiim antiinoniate. and tia<<‘K of iron and ; sjon is iniperfect. They‘may lw‘always produced 
sulplial^*. 'riicie wcn‘ no nitraU-s, nd riles, ; at the monuud. of explosion and be subsequently 
<dilorat<‘s, i-yanidcs, fcirocyamdcK, sulphides, or ( reduced by Ihi' large volume of carbonic oxide 
amiiioniuin halts present Jn the residues, the and hydrogen at a high teiiijierature. 
antimony. p<»tasMiim, sulphate*, and chloride, The heat of explosion and ])roductH of com- 
actually come from the i-ap composition, the , bustion rif several coniimuc-ial varieties of 
iron largely from the gun and the (ojiper from smokclesB powder have he<‘n di'tormined by the 
llu' bullet. oidinaiy calorimetric bomb method, hy Macnab 

After expeninciding with xarious solutions, and Leighton* and the following tahh* showing 
IhttiiiH concliide.s lhal. tlie rcsidm' from the some i>f t.heir rc^sults is taken from a iiapor read 
now'dc'rs ari’ not. in themselves nisi produeius, , hy them Isdorc the Socictiy of (licniical Industry, 
hut beconu' so after a time, as tliey are hvgro ' in March, !II(14 (.1. Soo. Clu'iii. Jnd. 1904, 
scopic. FfX'quent vvasliiiig out of tlu' gun ami , 21 * 8 ) :— 
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Under tlie i^omhtH.iis of iIh* expermnmts no ; density of loading {.sec Proo. Poy. ISoe. 1905, 381, 
oxides of nitrogen weix' formed. The authors 312 aiid 1900, 453). With the density of charge 
call attentjoii to the fact that the quauldy of varying from 0’05 lo 0'50, Is’oble found that, as 
heat d<*vcloj>ed in (he nitrocellul(*si' j>owders , a gencTnl rule, with increase of jt-sultmg tom- 
increosee with the nitixvcellulose eonteiit, ami peral.uJX' and jiressure, there was at first a slight 
that a iaige inereoae takes place whiui intro- mcreosc and then a steady deci’case in the 
glycerin is present. Other conclusions ar^, (hat volume' of the jH'nuanent gases, also a largo 
08 the heat inciraaes, the ipiantity of carbon inomase in the volume of (’O^ and deert'ase in 
dioxide increasiw. tlie carbon monoxide and tlu* volume of (’<). The volume of H deereases 
hydrogen d<‘oroa«e. and a larger quantity of with mereasing jiressuro, wliilo that of C’H 4 
water vapour is formed, ; rises rapidly. He also found that the amount of 

The relative temperatures of exfilosJon of i erosion depi niled almost entirely on the heat 
theoe powders were deterniinetl by a thermo- develop(*tl, and was indejiendent of the pies- 
eleetrie pj'rometer methoil doscnlied by Maonab sure. * 

and Ristori in 1900 (Prru*. Rry. Soe. 00 , 221 ). , t>nly a few smokeltisfi powders can be referred 
The orded* of (Jic pivwders according to the ' to in any detail. W’lth many jiowders the details 
temperature dovelofixl was, broadly speaking. ^ of composition and manufacture ore desired to 
the same as that given liy the total ^eat of be kept secret; and of the details chamcteriitic 
combustion. of any powder, only those are given which have 

The i^nstants of explosion of several smoke- been alieady published, 
leas powders have exhaustively examined The military smokeless powders, especially, 
by Noble, showing th^r relationsliip to (he are constantly undergoing modifications and 
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iinprovenienbi and frequently dilToreui oompo* 
Bitions^ nitrocelJujoso or nitrocolluloau-nitro* 
glycerin powders of <lifferenfc degrees of nitration 
and proportions, are m use at tlie same time by 
a country for inililary purposi-s. according l.f> 
the calibre of the gun in wni< h they aro to lx* 
used, and aecoithng as tlie powder is nsjuned 
au a propeUaiit or fur blank aiiimiinidon 

At the pnvk'nt time most countru-s us*‘ 
nitrocellulose pow<lcrs. usually of th/' .sjitnc 
composition, but ddfenng in f<u ni of grain, for 
smaJl-ariu ])ur|K>ses and for iield guns, and in 
the IJniUsl 8t.aU*B. France, and KusMa, they ar«‘ 
used even for the largu'st naval guns luigland, 
Italy, and Noiway u^- nitnurlyeenn j)ow<lcrs 
generally, and most otluT eounfiic.s use tluun for 
large na^'al guns. 

(1) .Vj/ror«///do.s-< J'oinii 

J*ou<ir< It., or Vmlh ]H)vdtr. was the pionei'r 
of mlliUiry smolo-h’ss powder^. As unented h\ 
V'icille, 111 ISNi) t.Mem. des ]\»udr«-s et Nalpcftes, 
liK>8-h). it was a nii.xl-urc of sbiubie uimI in¬ 
soluble nitistceJIuIose, thoiou”hlyg<‘latjmsed w ith 
a mixture of ether and alcoliol, rolled jiito shi-cis 
and then eut into s(.rjj»s. it soinet.irn<‘s con¬ 
tained about 2 ]>.(• pnnilbn. Jt liati a mti-ogen 
content of alxuit 12 7 p.e Koi a short’ tiin«‘ a 
smokeless powdci eoiifaiimig itirlalliL nittali-s 
was adopl/fd in France, hut event tiallv a puic 
nitro<e}iulo.s<* with a little .stahihser was adopted 
for general use. Amyl alcohol was trusi as a 
sUibilisei in pro[)ortion.s of 2 p.e, and latiT 
S p.e., in the p<iwtlei>. and ll.AMg, hut 

diphcnylamme w.us afU-rwards userl. Th<‘ nitio- 
cellulosi* used in the manufactun^ eontaiiis 
nbout 4h p.e. .soluble nilroeellulose, and as 
used is a mixture in the roipnNitxj ])ro{)ort.ioris ai 
an insoluble, mtroeofton t'F, (eoton jioudre). 
containing about 12’H t<i FM jxc. nitrogen, 
and a soluble nilrocottori (’l’„ containing al>out 
12 to p.e. nitrogen. 'rhcs<' nitrorotton.s arc 
manufactured alternatively by one of tlie flircc 
usual proecs8(-B, and after the usual waHlniig. 
boiling, and pulping are dehydrated by nlcohoi. 
In tho incorporation per ICK) parts of mtnx-ott’ou 
140 to 150 parks are used of admixture of J !> 
x’ola. of ctlier, Kji.gr. <t-72t»4. to 1 vol of 

alcohol, 025 p.e. by weight, sp.gr. 0'HH»4, 
including the alcohol present m tlui nltrocotton 
after dehydration, Tne diphenylamine, 1*5 to 
2 p.e. of the nitrocotton, is added with the 
solvent. The incorporation takes from 1 to .7 
hours, and the ‘ dough ’ is squirted through a 
die, over which is a filter of fine wire gauze to 
remove solid impurities, to form ribbons of 
from 20 to 150 nim. in width, and a thickru'ss 
which varies according to the calibre of the gun 
in which tlie powder is to lie used. Tho ribbons 
are cut into Jengtlis, and the strijis are hung on 
rods in the solvent recovery chambers, whew 
they first meet warm air containing a high pro¬ 
portion of vapours of ether and alcohol, and 
are gradually moved forward against ^ho air 
cuTOnt, so tliat they eventually meet air con- 
taJning only a small proiiortion of solvent 
vapours. This preveots tho strips curling up 
at the edges by too rapid evaporation of the 
wlvent at first. Part of the solvent vapours 
18 removed from the air by condensarion at a 
low tempe^ture, and then, after being heated 
up, the air passes again into the recovery 


ohambers. After this preliminary drying the 
strips, which still contain 15 to 20 p.c. solvent, 
mostly alcohol, aro out tint into narrow ribbons, 
then into short stii(w of the roipiisite siee. 
Irrt'giilar grains nn‘ picked out by hand from 
the larger sizoH, anil sifted out from the small 
sijiiaro flakas UHod for small arms. Tho sorted 
grains niv then furfher dried fur about 6 hours 
.111 trays in .stove.s at 45 ’ -50". then soaked, in 
canviw bag-) or wire trays, in a tank of hot 
I wafer, (lie Unie of soaking being about 8 hours, 

[ and the tcmix-ratun^ of tli(‘ water about 75% 

! but the (ime and teiiiperaturo vary slightly 
: with the size of the strijis. Hy this soaking 
I ni'arly ail the alcohol is eliminated. The 
j gnnn.H arc then drained and the water finally 
I dried olf m a stove. The volatile matter, 
i water, and ivsidual solvent, left in the powder 
j IS about O S to 2 p.e, of the jiowiler, according 
I to the size of the guiins. If flriod too far, tho 
I grams aii* I'Xjiosrd to moist air until of tho 
I reijuisile volatile <(m(«'nt. J'^iiiall}', the erains 
I an- f horoiigliiy hicnded licforc being piano up 
j into carfiidgi'-s. 

j 'fhe latc of burning of t he Krencb Poudre B 
! is controlled not only by the size of grain and 
j content ol vohilde inattiT. but also by varying 
I to some <‘.\tcnt the [ifoportions of (’1% and 01% 

I 111 the jiowdcr. Cl', is not gelatmiHod by the 
I solvent, but III till- liuishcd powder is coated 
I I'x the gclnliniHed Cl'^- A higher proportion of 
I (U',. consi'ijuently, gi\es nut only greater power, 

! because of jts higher nitrogen content, but also 
! moi-e lapid burning, ivs it is ungelatiniHe<i. The 
I presence<>f uiigelatiniscd('J*, rendi^rsthepowders 
I slightly porous, and eonsi'cpu'ntly tljo moisture 
I content vanes som<‘what with the conditions of 
storage, am! tho powders are also less stable on 
: storage than the fully gelatinised powders. 

J'J. jHiV'itn. a hulk sjiorting jiowder, as 
' originally in\cnt.<‘d by Ueid, was a pure nitro¬ 
cellulose powder. Hunerlieially gelatinised with 
cdier-ah'oliol and coloured oi-ange with aurine. 
Tin* K. jXiwdc-i-H arc* now manufactured by 
: the E. (I I'owder Co. at Dartford, under tlte 
i jmtenta of Johnson ami Borland, already men¬ 
tioned, and <-(>ntiiin a more highly nitrated 
cot(.on, with potassium and barium nitrated and 
soiuetimoH camphor and wood meal. 

WalftTodfi 'ifouvlrr, one of the earliest granu¬ 
lated sporting jiowdors, made by Wolff and Co. 
of Walsnxh-, is a jmre nitrooelluloso powdedr 
gelatinised with ethyl acetate. The grains were 
' formed, and the solvent eliminated by adding 
water to thi' kneaded mass and introducing 
steam,, and subHoquent boiling in water; the 
grains were then Centrifugated and dried. The 
granulation is now effected differently, but the 
essential treatment is the same. The finished 
powder contains about I p.c. of volatile matter 
and 98*5 p.c. of nitrocotton. 

M. *Nf, or M(txim-Nurdenf€lt, poivder is on 
- American guncotton powder gelatinised wHh 
[ ethyl acetate. 

; Normal powder manufactured bv the Swedish 
i Powder Co. of I^mdskrona, and aijonted by the 
i Swiss Government, is a gelatinisea guncotton 
I powder ^sde in various forms. Ethyl acetate is 
I the gelatinising solvent. The small-anf powder 
' was at onl ^mo in the for^of small, light-grey, 

; graphited square tablet^onbout 1 '25 mm. sid(^ 

' but now small oylinden, of about 1 mm. diameter 
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and length arc used. It nontaina about 1 '6 p.c. 
of residua! solvent, and about 95 p.c. guncotton. 

Von FArster 'jnyuxidr (Fr. Pat. 1G4792, 1884) 
and Troimlorf jxMvihr arc gelatinised nitro¬ 
cellulose fiak(' piiwdt'j’H, the former containing a 
little ralcinm carhonaU*. 

Wvttrren '{nju'ihr, made by l'(*oj)pal. and UHotl ; 
OH the Helgiaii SeivK-e j»<*W(icr. wjik a guncotton i 
powder, cimlaining a httle calcium carbonate, i 
gelatuiiHcd with amyl acetal.!'. H was at oiu- | 
tune a nitrrKM'lhdos!'-nitroglycerm p<»wdcr, (?ni- 1 
tainmg solubh; nilr<i(;ellu)oKte and about ’M) p.c. | 
nitniglyi'crin, the .small arm powder being made j 
into graphiUsl cuIh-s of abtmt 1‘H min. sidi'. | 
The iielgian lioverniru'nt evi’iitoally adoptid a ' 
powder similar to ‘ I’oudrc K,’ containing 
40 to 00 p.i‘. N<!lijlih' ml rocittton, and gclat-mised , 
with ethcr-alcoliol. The piisl«‘ w.as r<i!lcd into 
sheets and eut into strips fu- liakes. 

The HiJUsmn llovcrnincnt at first us<'(l nitm- 
celluloKi' pow<l<'i>i e<»utaining vanous pn»portions 
of insrfluiile un<) soluble nitroeofton, but. afU-r 
inviwtigi^.ion by Mcndelei'll, ev<-nl imtly adoj)tcd 
a nitrocelbiiosi' pnw<lci lor lioth naval and 
military purfiosc's nnule from an almosl. coin- 
pleO'ly soluble iiihtM of ton c<tntaining a high 
perei'ntage of nilrogen. about. 12 4 ]>.c., f.ernn*(l 
‘ |>yrm'ollo<lion.' 'I’liis 1ms fin- advantage over 
the mixed nitrocotinns iisi'd in I'Vunce, that it 
IS praclicully coinpli't'ly gelatinised by ether- 
ali-ohol. and givi's a much more imiform <-oUoidal 
prmiuct of im-reasi'd Htaluht.s ou storagi' The 
powder is mamifacluii'd very much on the lini'S 
of ‘ 1‘oudre It,’ and is stabiliHed with about | 
1 j>.e. diphenylamiiK*. 

TJie Ibntcd i^lali's sen ice powder was at one 
time the Maxiiii-SiJiupft/itiu.-> /toivilcr, composed 
of 80 ji.c. inMoinbli' nilroeelluJose, lltr> p e. 
soluble nitrocellul<w(\ and 0T> p.c, im'a. Another 
form containml 8(t p.c, guncotton, 9 p.c. nitro¬ 
glycerin, 10 p.c <‘ollo<lion cotton, ajid I p.c. 
urea. Thesis powth'ra wore gelatinised with 
acetone. Niln»c<!l!uIos(‘ jiowdcrs witli barium 
and potassium nilraOw, and a nitroglycerin ^ 
powder, were also used for a tune os siuall-arm 
lowders. The wothrn Umial .S'/ripw inxiHlnx, 
or all purposes, are nuinufiwturcd from a intro 
cellulose containing ab(»ut 12 5 to 12'7 ]i.c ; 
nitrogen, about 80 p o Is’ing soluble nilrocotton, ' 
that is practically a ' pyrocollodion.’ Tlu' 
nitrocotton, after flic nitration and preliminary 
boiling, ia pujpefl in wariT matle just alkaline 
with sodium carbonate, and boiled in poachers • 
for several ]>erio<la. carb<maU' of soda Wing ■ 
added only in the first jieriod. The nitrot'of ton. 
after aleohol dryung. ia thoroughly colkuded 
with other-alcohol, stabilisecr with diphenyl- 
amine. and ptx'ssed into abort perforated 
cylinders, with usually one or, for tlie larger 
grains, seven iierforationa. one central, and the 
others arranged ‘ aymmotrioAlly,’ tlio multi- 
porforated eylindora dilTering in weli^tlhekneaa 
licoordtog t<i the ust^ of the powder. The 
method of solvent elimination and drying the 
grains is similar to that in use in France. 

The powder used in the eartridgOH for the 
Mannlicher-8ohi>enauer (Austro-Hungarian) rifle 
is in the form of thin cupped discs, of 2 £m. dia- 
iDoter, lightly graphiUvC compo^ of soluble 
nitrooelloioao, with ^bout 1 p.c. ,of residuid 
sohrent. That for Ine,. Mauser (German amd 
Turkish) ri6e is of similar form and composition. 


except that a more highly nitrated cotton 
used. 

The Japanofio use a nitrocelluiose powdi 
containing both soluble and insoluble nitn 
cotton, the proportions of which vary accordir 
to the size of the gun in which the jxiwder is 1 
be used ; the more rapid jiowders, used for sma 
arms and guns of low calibn*. containing mo: 
of the highly nitrated cotton. Tlio Spanish ar 
J)utch powders, both for small arms ami lar^ 
guns, arc nitrocellulose powders containir 
various proportions of collodion cotton ar 
guncott-on. 

(2) NilrocriluUm' /‘oirv/c/*- with Siimfcti. 

SchnUzf pnodcr, invented by .Schulbzo 
IVtsilam, and now manufactured in Knglan 
was one of the carlu'-st sporting .smokelc 
pow'ders. It is manufactured from nitrati 
woo<l cellulose, Komi'tniK'M called ‘ nitrolignin.’ 

llarti wood is cut into shci'ls and punchi 
intf) grams. 'I'lie wood gnnna are purdii'd I 
boiling with difut.e Hodium carbonate, uy washii 
witli water, ami treating with solution 
chloride of lime They ani then washed, dric 
and immersed in the mutinx' t»f strong nitric ai 
sulfihiinc acids for 2 or hours, with freque 
stirring, thi* aciits being kept cool. The nitrat 
wo(m1 i.s frccii from most of the acid in a cent 
fugal niaiduni!, washed with water, boiled wi 
dilute Hoilium carlxmati'. and dried. 'J’hc nitx 
lignin appears to contain a largo quantity 
mutt-ers soluble in other-alcohol, and, besid 
insoluble nitrolignin, some un<'onvertcd woe 
It i.s .sU'cpcd in a solution of potiissium ai 
barium nitraUw, and dried at a low U*mj>eratu; 
It IS a libroii.s, 42-grain, bulk powder eontaini; 
ajiproximatoiy bo p.c*. nitrated <*ellulo 80 , 
which 40 j).c. is soluble in ether-alcohol. 30 p 
metallic nitrates, up to 4 ]).c. mineral jelly, ai 
up to 2 ]) c. volatile matter. 

In later varieties, wood pulp, treated by o 
of the usual chemical processes to remo 
material other than wood cellulose, is used J 
nitration. The nitrati'd wwid cellulose ai 
nitrat!' mixture i.s birmed into irregular grail 
which arc' treated with a solvent to gelatin: 
and harden them. Another form of the powd 
Imperial Srhaltzv. consifits of about 80 p 
nitrolignin, 10 p c. barium nitrate, 8 p,c. vaselii 
and 2 p.c. of volatile matter. It is Jt^as bul 
than the older powder, and is said to be qui 
free from smoke anil to leave no residue. T 
still more modem ('abc powder, a gelatinis 
.lO-grain bulk powder, and Lighlning powder, 
fibrous 33-grain bulk powder, contain the sat 
ingreilients in different proportions and diff< 
entlv manufat'tured. 

The modem ' K. C. powders,' manufaottu' 
by the E. Powder Co., as already explainc 
ht'long to this class. No. 1 contains abo 
2 p.e. rxtsin. No. 2 2 p.c. twin and 1 p.c. ct^phi 
and No. 3 6 p.o. vMeline and 4 p.c. camphi 
: The dl^orent varieties also contain diffeic 
' proportions of metallic nitrates and nitrocellulr 
of different decrees of nitration. The canmi 
! present in Nob. 2 and 3 is added in aecordu 
; with the suggestion of Johi^n (En^. Pat. 8^ 
! 1885) to itse a solution of camphor in a v<dat 
solvent to harden the filnrous granules. No. 
was hardened by eGier-alcohol 

Arnberiu, as origioaily patented hy Cm 
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and Andre (Eng, Pat. 11383, 1891), was a 
mixture of insoluble and soluble nitrocellulose 
with mtroglyoerin. The mixed nitrocelluloses 
were first granulated, and then treated with 
ether*alcohoi, so that only the soluble nitro¬ 
cellulose was dissolved, and on drying, cemented 
the grains together and iiardenec) their surface. 
A small quantity of linseed oil, parafiin, or 
shellac, was sometimes added as a moderant. 

Amberite, as now manufactured by Curtis’s 
and Harvey at Tonbridge, contains a mixture of 
potassium and barium nitrates instead of the 
nitroglycerin, and a little paraffin. An analysis 
gave; 13 p.c. guncotton, 5^-5 p.c. collodion 

cotton, 19’r» p.c. barium nitrate with a little 
potassium nitrate, fi p.c. paraffin, and 2 p.c. 
volatile matter. 

ConnoTitfc, also made by Curtis’s and Harvey, 
is a similar powder to Amberite, containing a 
liigher proportion of nitrocelluhxso and a .smaller 
proportion of nitrates, together with small quan¬ 
tities of potassium forrfjcyanide aqd lamp-black. 
Rosin was a constituent of the earlier forms. 

Empire pou'der is a 33-grain fibrous, builc 
powder, manufactured by Nobel’s Explosives 
Co., containing insoluble and soluble nitrocntton. 
about JO p.c. metallic nitratcji, and 7 p.(\ 
mineral jelly. 

Ncxmile is a 33-graln sporting riffo powder, 
manufacturc'd by the Now Explos!ve.s Co, 
8towmarket, containiiur about |() p.c. motullic 
nitrates and p.c. mineral jeliv, the nitro¬ 
cellulose being largely insoluble. 

Poiidrr pi/rox/jle( is a French sporting powder, 
containing solubhi arul insoluble nitrocotton 
mixed with about 35 p.c barium and potassium 
nitratiis. TJie mi.xturo is int'orj»orat-ed with 
water, ether is then added, arul the mixture 
granulated. The grains are then dried and 
afterwards glazed by means of an ether spray. 
Poi/Jre J. contains about 83 p.c. guncotton and 
17 p.e. potassium dichromate. B. N. pomler 
wfw a French military powder, similar to ‘ Poudre 
B, with the addition of barium and potassium 
nitrate and a little sodium carbonate. 

Sm9kelf^/< diamond, a gelatinised, 33-grain, 
Iralk powder, manufactured Curtis’s and 
Harvey, consist* largely of insoluble nitro¬ 
cellulose, with about 15 p.e. metallic nitrate.^, 
op.^ charcoal, and 3 p.c. mineral jelly. 

^ pomUr made by the ‘ American 
omokeless Powder Co., is a §uncotton-nitro- 
glycerm powder with barium and potassium 
nitrate. It is manufactured in the same way 
as t'oraito, but the powder for small arms is cut ^ 
mto short cylinders. j 

One form of XJ.E. isaixil ponder is composed 
of soluble nitrocellulose with barium and 
potassium nitrates, and a form of TJ.S. Army 
contains insoluble and soluble nitro- I 
oeJmlose, nitroglycerin, metallic nitrates, and a | 
jnwerant. Some American sznall-arm powders, ' 
brides barium nitrate, contain a small qjiantitv i 
of starch. One form of Belgian blank ammuni- • 
/i<m consisted of small light-coloured grains of 
soluble and insoluble nitrocotton, wiHi about j 
p.c. Of barium nitrate and a little rosin. ) 

( 3 ) NUroc^dluhtt-NUroglycerin Powders. ' 
BaBtsrilte, the fiiat nitroglyoerin-nitrooellQloee ! 
powder, as patented by waa a mixture of f 

equal pmrts of ooUodioa cotton Mid nfi^roglycerin ‘ 


< with about 10 p.o. camphor. The mixture wa 
j first made with an excess of nitn^lyoerin, whiol 
I was afterwards removed in a press or centrifuga 
; machine, and the mass then thoroughly in 
: corporatod by passing between stoam-heatcK 
rollers—malaxation, as Nobel termed it. 

In this way, nitrocotton was dissolved in th« 
' nitroglycerin, and homy, colloidal sheets o: 
varying thickness obtained, which wore after 
squares or cubes. Af 
fionio factories, benzene was added to assist the 
' incoiporation, and afterwards removed by drying 
tlie finished product. 

(.‘amphor, sugj^ostod to Nobel by its use in 
celluloid, was at first used to reduce the rate oi 
' burning, and was also found f o facilitate solution 
of the nitrocellulose. Owing to its slow evapora¬ 
tion from the finished ejrolosjve, it Jed to variable 
ballistic results being obtaiiu'd from the explo¬ 
sive, and its use was subseiiuently abwdoned. 
1 to 2 p.c. of aniline or diphonylamine is now 
usually added to ballistitc for the purposes of 
stabilisation. 

Balli.stito is now manufactured by an im¬ 
proved process invented by Lundhoim and 
Sayera (Eng. l‘afc. 10370, i889). The nitro- 
cotton, in the form of fine powder, is suspended 
in water at a tomperaturo of about OO'’, the 
nitroglycerin, in which tho diphonylamine is 
dissolved, is added and the mixture stirred by 
mcan.s of compressed air. Tho nitroglycerin 
gradually displaces the water and dissolves the 
nitrocotton, and, when the solution is complete, 
tlio water is partly drained off an<l the remainder 
removed in a centrifugal or by pressure, and the 
mass allowed to ripen. The paste is then rolled 
under heavy pressure, between rollers, steam 
heated to 50*'—60“ to complete the incorporation 
' and remove the last traces of water. Tne great 
, advantage of this process is that tho dangerous 
, and tedious drying of tho nitrocotton is done 
away with. 

Ballistito is the Servioe explosive of It^ly, 
and is used not only in small squares, small 
i perforated cylinders, and larger cubes, but also 
: in cords, ‘ Filite,' and round flakes cut from the 
cords. The powders sometimes contain a little 
mirieral jelly. Ballistite is used for certain 
, military T)ur{>oses in England, and has been 
■ adopted by some other countries speoially for 
, large guns. 

' Ballistite, composed of equal parts of nitro¬ 
glycerin and soluble nitrocelJuloso, has con¬ 
siderable erosive effect on the gun, and for the 

guns a modified composition with a lower 
projwrtion of nitix^lycerin, often 40 p.o., is 
used. Nitrocottofa xrith a proportion of insol¬ 
uble nitrocellulose is also sometimes used. The 
German cannon powders are ballistities of 
various compositions made into the fom of 
thick flakes or cubes. Some of them approach 
cordite in*^ composition, that is, they cont^ a 
high proportion of insoluble nitrocotton, and 
the grains are sometimes in the form of 
tubes. 

Ballistito is dark-brown in oolomv Mid has an 
average density of 11). It W the oonsistMu^ 
of soft norn, and can easily be ont with a knife. 

It is but little affected by moistura, bn^ fe more 
susceptible to heat than smokefesa powden^ 
the nitroglyoerin tendinj to exude. Tito 
are frequently coated with gr^hite. It mima 
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ilowiy in tlie ojK-n, and in almost entirely j 
smokeloHH. • ' 

Cordilr, tlio English .Service proixdlant, is so 1 
nftinod Imjcsuso of ils usual cord-like form. Eor 
S{^jal |)ur[»f)ses. however, it. is made into tulfcs, 
with single or s(“veral jicrforations, ami is some- 
times used in (he form of tape, and in Hakes made 
by slicing cords. 

ConijKifatioti.— Cordite is CJisentudly ft nii.\- i 
turt' of nitroglyci'rin and guncotton, thoroughly 
lnoor|)onib'<l and gciatiinscil by means of i 
acetone. 'Fhe guncotton has a nitrog;<‘n eontrcnt ! 
of 12‘8-llM ji.e., and eonUins not more tlian 
12 ji.e. aoluhle nitroecllulose. A siiiali jiro- 
portion of mineral j<‘lly is the third iiigrcdi<-nt. 

Mineral j«‘IIy w'ns originally add«‘d to prevent 
metallic fouling of lh<* maga'/.mc nlh's hy tlu* , 
bullets, and was also fouml 1o <lMimiish i-iosion , 
by acting as a restramer or cooling agent, to 
improve the regulnnty of the limning, and act . 
as a water-proofing agent. ( 

it was subsefjucnl-Iy found tliivl- cordil^' made 
for blank purpi^io. without, mineral jelly was i 
considerably lc.s.s sbihlc in liot <• 11110110 ^ than 
ordinary <-ordifc. and if. is now n-cogniscil that 
the mineral jelly contains constituents, oh'tim's 
and naphth(‘n(“.s. that stalnlisc the i-ordils' lor a ; 
jirolongod jieriod bv combining w'lth the products , 
of dei-omjiosition. It als<i jirotocts tlie nitro- ! 
glycerin ami nitrocotton fiom atniosjihcric | 
infbiences. 

The imncijil |<'ll\ obtained in a partunlar 
stage of the disl illat ion of jiel roleiim. ustsi in 1 lie 
manufacture of cordite, is required to hu\c a 
{laRh-jK>intal)ovc2(M-ri''(‘. (4(M) F.). and iiotto be 
oomplctcly melted below dOJt. must be free 
from acidity and nnni'ral iinjiunlics. and fiavi 
ft sp.gr, of not h'.ss than tf-S7 when nicllcd 
at \W. 

The guncotton u.simI for the manufacture of 
eonlite usiiullv <ontains from l(f to 12 pc. 
soluble nitrocellulose. 

Tlie original <'or(lit.c. the manufacture of 
which was coimncnciul at the Hoyal (Junpowdm' 
Factory in IH5K). was composeil of r»H p.<-. intr<i- 
glyccnn. 517 p.e. guncot.lon, and h ji c. mineral 
jelly, 'riie <'omposition was tin- same for small- 
arms ivnil for the (iilTcrent eabbred guns for 
whieli if. wjks umimI. the nspiisite rat<‘ of corn 
bustion lieing obtaimHl by varung tiio diameter 
of the cord. Owing t.o its high nitroglycerin 
content, this corditi' had a high temjierature of 
e.xplosion, and producsul considerable i'rosion in 
guns of very large calibre, and in l‘,K>l its com¬ 
position WHS modilieii for some purpo.s<>s. Tins 
modified oom|>asition. knowm as * Cordite MJK,’ 
contains p.e. nif roglyeerin,^ir> p.e. guneottiui, 
ftnd f) p.e. mineral jelly. The older composition is 
known iw ‘ ('onhte MurJ: I' ; botli variotu-s are 
now in uae. (’ordite contains practically no 
moisture, but retainf* about p.<-. of 

ftcetone, according to the si/e of flie cords. 
Cordite M.IX, owing to its smaller pnijuniion of 
nitiH^lyeerin, retains more volatile matter, ftlmut 
0*5 to 1*f) p.e. Other modifications of cordite 
have also been introiluced. In one a mineral 
jelly containing a higher iwrcent-oge of un- 
saturated hydrocftTbons is uscmI to inewase the 
atftbilit.jl'of'the pr<]^not, and another contains 
fioluble niti'ocotton ^tead of gunaowin. The 
formor has the same i^pottions as M.D., in 
the latter, in order to obtain fiiniiiar ballistics 


to those of M.D., the proportion of nitroglycerin 
iH raised. 

ManuJa^Uare: Drying the guncotUm .— 
Formi^rly the guncotton was dried in a loos© 
comlition, hut it is now loosely compressod into 
nylindors 51 inches diameler and 4J inehoa high, 
containing about 40 p.e. moisture. Guncotton 
dust formed m the drying is the great source of 
danger, ami its formation m obviated by the 
present, metliod. The guneollon cylinderH are 
dried in u stove on wire-gau/.e trays, by a current 
of air }ieate<i to aluiut 40', until they contain 
about 0 .'i p.e. moisture. The ilrying takes from 
;«> 1 (» loti hoiHs. 

Mixing. Th<- charge of the cooled dry 
gutiv ottuii. suOicK'nl for •me incorjiorator, is 
weighed out int.o a riibix'r-lined canvas bag, 
eained to the nit.ioglyceiin filtering house, and 
tlie re(|Uisi1c eluuge oi nitroglycerin, which was 
at one linn‘ weighed out, is nu'iusurcd out from 
a lend buretIr tbroiigh a ruliber tube on to tin; 
gnniolion The bag is then i-arried to the 
mixing house and t he < ontents rouglily mixed 
by hand ami nibbed through a copper wire sieve 
of l-ini'h inc'-li, or on lead linecl tiibh* perforated 
at oim end with .l-ineh holes through which the 
mivture is rubhed into the bag below. The 
jirodiict at tins stage is knowm os 'Cordite 
JMlsif ’ 

Iiirorpornhiiq.- I'art of the aecl.one charge 
)s fll^t jHiured into a kneading maeliine of the 
usual t\|«‘. the machine start<‘d, and the cordite 
pasU' and tln' leimiimler of the a<ol.one. about 
50 p e. of the weight of the gum-ottiui in oil, 
giiubially aihled. 'I'lie niivture is eovored to 
pr<‘\enL loss of acetone, and tlie inixturi" kneaded 
for 5U houi's At. the (‘iid of this time, the 
• liargi' of mineral jelly is ad<l< (l, and ihe* nuu hine 
run for anotlior 3^ hours. During tlie kneading, 
the ato't.one gradually dissolves the guncotton 
and uitrogly(*erin. and thoroughly incorporates 
them witii the minc'ral j«“lly. The jiroduct is 
loilh'd ‘ Coidite dough ' 

Pre.s’oiig.- Tho <‘ordite dough is conveyed 
in barnds to the jiress lunise, wlieiv it is ‘s(juirt<'d’ 
or piessed hy loungers working in cylindrical 
moulds througfe a die witli one or more holea, 

; ai'i ording to the diaiindcT of the cord retjuired. 

' A jierforated plate, supporting a fine wire gauze 
' «haj)hragm, is plae<‘d abovi' the di<‘ to retain 
misdifvmeal impuritieH, Three kinds of presses 
are used at Watt liam Abbey—screw pn'sses for 
the smaller sizes, and li\drftulic or combined 
screw and hydraulic presses for tlie larger sizee. 
The smaller-si/.ed cords are wound automatically 
on fo retds a.s they leave the die, the larger sizes 
aiv cut into the reqiiin'd lengths. 

The sizes of iService cordite refer to the 
I diameter of the cords in hundredths of an inch. 

1 H \arie» from size 3^ to size 50 ; that is, from 
! 0•0517^^ inch diameter u-sed in the ’303 ^rvice 
i riHe to O o inch diameter used in heavy guns. 

; The actual diametqjrs are rather leas than the 
I nominm sizes, as the cords shrink during dry> 
ing. • 

Drying. —The cordite is then placed on the 
reels, or the larger size* on trays, on open racks 
in stovw, heated by steam pipes or by a current 
1 of hot air at a temperature of about 40®. F<» 
j the smallest sizes no beating of the stdv© is 
! necessary in summer time. The time required 
' for drying varies, according to the diameter of 
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the cord, from 2 to 15 da^. The drying is to kept under water, salt or fresh, for some tiflie 
remove any moisture and the greater part of without its explosive properties being affected, 
tile acetone, of which about 15 p.c. remains in Even wh6n lirod wet from a gun, the ballistics 
the pressed cordite. The residual volatile only fall off to the extent due to the evaporation 
matter in Mark 1. cordite varies with the size of the water. On prolonged cold storage, the 
of cord from 0*4 to 0'6 p.c. M.i). cordite nitroglycei-in exudes slightly, but is gradually 
requires a much Jungoi- time for drying tlian reabsorbed when tlie tonipt^raturo rises. The 
Mark I., .several months' heating being necessary sp.gr. of lioixiito Mark X. is about 1 '56-1 ■57, that 
for tlie largest sizes. of cordite M. 1). being 1 -58-1 -5!). 

A process lor the recovery of tiie acetone has Oirdito does not igniU» very readily, but 
been paU'iited by Robertson aiut Iliutoul (Eng. wlian once ignited it burns slowly with a strong 
Pat. 25!»4. llKii), in which the air, containing yelic)Wi.sJi /lame, which is practic'ally smokeless, 
only a low jierceutage of acetone, after being ' A stick bt‘comeH pointed at the end as it burns, 
saturate<l witJi moisture, is led into a scrubbing ' ami the /lame can bo extinguished by blowing 
tower through whicli a 3U ]> e. solution of ■■ strongly on it. A considerable bulk of cordite 
sodium hisulphito trickles. The acetone is ! can lx; burned away m the open without any 
ri'covcrcd by distillation at a Icmperatiire. sueb , explosion. It only burns e.xploHively when 
that tlio bisulphite is not dccomposi'd and can ! strongly coalinoti; if an ignition of the cordite 
be used ag<tiri. j confined in a wooden box takes place, the 

Jilnid/iu/. —The cordib' is tmaliy tlioroiighly | eordif-e does not expbide, but burns quietly, and 
blended in onler to obtain average umfoiiiuty the box is only broken open to allow the gases 
of eonipo.Mitj(»n and ballistirs. 'riie srualJ-aiiii ^ to ^•seape. 

oordit«‘ IS blended by uniformly winding tlie j ()wmg to tlie difliculty of ignition of eordito, 
cords from JO ri'e/s on to ou<' larger l•oeJ, ami : a sfronger cap of diJfei'eiit composition is 
aftcu’Waids from SIX of tliese fen-sframli‘d reels on I nen‘s.saj'y to ignite the fine! corditti in Hinall* 
to om‘ MVf.y-strand<-d reel. 'I'lie larger sizi's aii- ' arm ammiiiiition than was nspiired for black 
bleiirled liy hand, the storks fidio tire di\iiig- powder, ami to ensure the ignition of tlie lai)?er 
stove trays being placr-d m boxes amt the eon- sizes tlie charger of cordite has to lie primed 

tents of fli(>.so blended by eornbinuig a feu wit.h an ordinary black powder or guncotton 

sticks from each box, the ojii-ration being ‘ pnui“r.’ which jiusses on tlie flame of tho 

repeated. I ignitinj ‘ f ulK) ’ to the i hargc. 

Testini/: --Th<‘ residoal solvent ej' (!ordit<‘ is very insensitivij to shock, and 

moisture is determined on the ground sample, cannot lie explod<‘d by the passage of a rifle 
precaution lioiiig taken to prevent loss of lulro- bullet through it. 

glycerin, rt grams of siftings of tlie same size Exhaustive trials under very varied climatio 
as those used for (lie Abel heat test, are heatird conditions hav<r proved that tho ballistic 

for 2 hours on a wafer-bath in an aluminium dish stability of corditi' is very grt'at. 
covered witii a glass cone, bo(h of specified , 'riie ballistii' power of eordito is very nearly 
dimensions {sre Marshall, J. 8oc. Ctiem. Jnd. ^ four times tliat of black powder, owing to the 
llXH, l.'iX). j increased volume of gases liberated per unit of 

.dwz/b/.v/.i.—Weigh out 2 grains of very fine we.ight and tlie high tf'ni|)orature of the crplo- 
siftings into a Noxlilet thimble, and allow to siou. It can give a pressure, on explosion, of 
stond eovertsl witli ether in the extra<-t.or over- moie tlian 120 tons per square inch, compared 
night. JOxtraet for 2 houm, then dry the with 43 ton.s, tho maximum obtainable with 
thimble and conti'nts at 50“ until the guncotton black powder, but in jiractice the pressure in a 
can be removed to watch glansoH. .I>ry at the gun does not m;arly attain this figure (not above 
same temperature, till the (juncoUou is of eon-stant 17 tons jx'r K<piarc inch) owing to the relatively 
weight. Tlie extracted guneottffn may 1 k> sub- large size of the gun chamber compared with the 
mitted to tho usual tests for guncotton. volume of the cordite. 

Distil off the ether from the extract and dis- TJio balli.stie results of cordite are more 
solve out the nitroglyeenn with cold methyl influenced by temperature than was the case with 
alcohol, filtering the solution.^ Ibssolve any block powder, tho pressure developed Mid 
mineral jelly on the filter with*otlier back into velocity of tho sliot being greater with in* 
tho flask, distil, heat in a water-oven, and suck creased temperature, but not to the extent of 
out any traces of nitroglycerin vapours with an seriously modifying tho shooting under Service 
air current. Repeat till the minrral jelly is of conditions. Tho smaller tho size of cordite, the 
ooiwtant weight. The nitrexjUjeenn is usually more rapid tho pxplosion, and cordite bums 
estimated by difference. more quickly under high than under low 

—Sez Abel’s stability test. preesures, 

tiring proof for velocity and pressure in a The pressure due to cordite is more gradually 
gun of the standard typo for the particular form developed in tJio gun than was tho case with 
of cordite (see BaUistic.H of a Projwliant). black w^der, and is better sufltamed. The 

Properties. —(fordite varies in colour from heat of combustion, products of explosion, and 
light te dark brown, according to the ca(our of othet explosion constants for Mark I. oor^te 
the mineral jelly used, (fordite Mark J. has the were examined, in 1803, by Dcering at Woolwich, 
eonsfetency of hard iudiambber. it is some- Ho worked with an explosion bomb, made (A 
what elastic, and can be readily cut with a knife, gun-steel, about 1*27 inches in thickness and 
l^rdite M. D. is considerably harder, being more 108 c.e.fcapacity. Tho following are some of 
Ii^ hom and more brittle, and can only he cut the resulte obtained with a cordite ^of tiie 
witli difficulty, compositioji: loss, 0*24 |.c.; mtrt^ycerfai, 

Cordite has a slight odour of acetone, and it 68'^ p.c. f guncotton, "36*1U p*0-*» »3ad 
w poisonous. It is water TepeUant> and can be mineraJi Jelly, 5‘10 p.ca; the %ares quoted 
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EXPLOSIVES. 


bftng tb« avorageB of a largo number of experi- 
mente:— 

PrewHiw doveloiHMl. Urns per ; | 

»q. Inch (by cruHhcr Kaii«e) : o * W j lo 


Vol. of penn at (• aiicl 

76t) inm., c.c. jier Kni- ••oMito , 
Volume o( total ditto dlUo i 
Water formi!*!, Kram per Kraiii , 
cordite . . • • ' 

(iimntlty of heat developed. ' 
Kraiii dcKieeK j»er Kraiii 

cordite. water, Ihiuld 
Ditto ditto, water, tjaxeouH 


663-7 

880*7 


660-8 671-1 


870-7 850-8 
o-i7&7; o'loiir 0 ir.oo 


P.c.comp.penn.KaM) 


, vola COo 
(X> 

II 

a 


1225 

1131 

2.V40 
37 52 
17 43 
10 


; 12120 
ltr.2-U 1157-2 


Cllj not dUl 


; 28'25 
■ 8;v82 
18 ,'.5 
10-00 
; 0-:t4 


With the cxplonidn ganes at ti--l tons nrcssun-. 
Jlooriiig calculated the 8jKM'iji(' lu-at to ue ahout 
0-41KI, and tlu! U-niperature of tlio gahc.s aliout 
2830' ; twid with a pressure of T'O tom, a spccilK' 

. t ...wl .. ...-.fufiin. r.f 


of baUiatite for gonn of large calibre, contain^ 
40 p.o. insoluble niteocelluloee, 30 p.o. solubK 
nitrooeUolose, and 30 p.c.nitroglycerin gelataused 
with acetone. It is stabilised with 1-3 p.c. 
mineral jelly, and is in the form of short tubes. 

(4) Nitrocellulote-Nitro- Derivative Powders. 

Induriie, riatented by Munro of the United 
States (Eng. Pat. 680, 1803), contains 40 p.o. 
guncotton, treed from lower nitrates by thorough 
extraction with methyl alcohol, and p.c. 
uiononitrobenzene, witli or without oxidising 
salts. The mixture is rolled into sheets and cut 
into grains. Tlic grains ai*© treated with hot 
water or sU-am, which hardens or indurates them 
' to the coiiBi8teiic>’ of bone : hence tlio name. 

Du Vont pou'iler, patented by ilu Pout of the 
‘ UniUul SUtes (Eng. Pat. 15805, 1893), contains 
: nitrotHillulaso and nitrobenzene, and sometimes 
potassium nitrate. The mttocellulose is agitated 
in water, the nitrobenzene added, and the mass 
agitated until.the nitrocellulose is dissolved and 


heat of about U-30d anil a Uuuperatun' ot 312U'. ; are formed, when the grains are hardened 

Tlio explosion eonstant-s of cfirdile Mark 1. and ^ blowing in steam. In some of the jxiwdors, 
conlite M. I>. have also been determined by ,„tror<‘sin or iiitioturixuitinc was added 

Eolx'rlson, at Waltham Ahls'y. The following ^ modiuant. liator Du I’ont jiowdcrs con- 
results were obtained with a dmisiU ot loading ^i,out-ID jj.c. soluble mU-oecllulose, 40 p.c. 

of 0-2:— , nitroglyeeiin, and 20 p.c. ammonium picrate, 

roMlitjP t-ordite cylmdrual grams l>cing grapliited. 
wurKi. ai. a/N/«aafhoa eontains a powder 


905 


920 

2374 


in the form ot thin grajihited squares, 1 mm. 
side, consisting of guncotton with about 5 p.c. 
of dinitrobeiizcne. 

Fdixile 18 a hbrous, 42-grain, bulk powder, 
manufactured by the New Explosives Co. at 
Stowmarket, containing both nu'lallic nitratt'S 
and nitrohydroearlion, and about 3 p.c. vaseline. 
J{nl dar ami :V. E. }Xf\vdei an* powders of 


Heal of explosion, calories per gram, 
at constant vol. : water, gaseous. 115() 

Total guBCs. e.o. per gram, at 0' at 
700 mm. : water, gasHou.s . .871 

Tem|)craturo of explosion,. 2003 

The larger volume of gaseous products ami 
lower tenijKTttture explain wliy tlie erosive enVet 

of cordite ftl. l>. is so mueli less than that of . 

cordite Mark 1. 'I’lie experuueutH of Nobel have : dilTerent grade, the former 3.1 gram, the latter 
already Ixien referi-ed to. 30 grain, ouiitaining the same ingrodiente in 

The erosive ellects of eorditc an^ les-s than dilTerent proportions. 
those of blaek powder, and of a difleivnt ebarae- ; (hcciier's pounUr is a nitrocellulose-mti-o- 
tor. With black iKiwder, the surfaic of the gun benzene powilor coloured with lampblack, 
is pitted by the eorrosiNo action of tbe produehs manuWturcd by the SmokelosB 

of coinbutttiou, wliilst witli cordite the surface Powder Co. of Warwick, is a nitrow'Uulose 
is smoothh wuslied away, only near the gun powder gelatinised by acetone conlaiiung a 
elianilH'r, by the passage ot the h«»l gases small proportitn of dinitrotoluene, and the 
between tlu* projectile and the bore, before the S.E. powder, BinokelesB shot-gun, of the same 
i the projectile is overcome. Cordite company is a Birailar powder contain. 


iuoriia of the proje 
M.*D. gives far leas llame tlmii cordite Mark I. 
when used in rifles or machine guns. 

MaxiitCn pouxUr contains both soluble and 
insoluble nitrocellulose, mainly insoluble, intro- 
glyoerin, casUir oil, and originally an alkaline 
carbonate. Acetone is the solvent used for 
gelatiiiisation. It is made in cylindrual grains 
or in cords of various diametoA. 

Axile, made by Kynochs, Ltd., is a gun 


company is a similar powaer containing a 
ratlier large proportion of barium nitrate with 
a little potassium nitrate and a little wood meal. 
S.R., a sporting ntle variety of this powder, 
is thoroughly colloiiled. It contains mainly 
soluble, instead of insoluble nitrocellulose, a 
highci- proportion of nitrohydrocarbon, about 
20 p.c. metallic nitrates, and 8 p.c. starch. Jt 
wat* introduced in 1890, and was the first 
practical colloidal smokeless powder considerkl 


eottott-nitroglycerin powder with vaseline and , for military purpcees, 
olive oil, and sometimes {lotassium and barium i Kyiioch's &ttiokekss powder is similar m 
uitratw and oxalate, to reduce the temwralure : composition to S.S. powder. 

. . . , , :__... 1 .. ' IB a riAltYlB 


ol explosion and decrease metallic fouling, made 
in the form of a rail-sliaped ribbon. Its )>allisties 
are equal to those of cordite, and are said to be 
less variable with changes of teiuperatui-e. 

Moddile, a sporting rifle powder manu- 
faetttpod by Eley Bros., is a gelatinised ^mixture 
of nitrocotton, of which one-third i» soluble 
nitrooelli^e, and ^troglycertn wi|h about 
4 p. 0 . mineral )idly. % 

iSelentle is an Italh^ powder used instead 


PhidomeniU is a German powder invented 
by Guttler, made by incorporating one part of 
nitroli^Jin with 5 parte of fused dinitrotoluene 
and granulating the fused mass. It may idso 
contain barium nitrate. 

8t>me forms of Norwegian baUUiiU contain 
from 6 to 0 p-c. nitronaphthalene. 

powder » a fibrous, 42-giwi^ bulk 
fipfty tjng powdw*, manufiNCtured by Cor^’a arid 
Harvey, contuning about 50 p-o. nitrooeUuloae, 
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nuUxily iottdiuUB, wiih metallio nitmtee, about 
S p^c. oitrofaydroi^boB, and 6 p,c, stwrcL 

Smokeless ^owd^trs corUaining ptcrates, 
usuallY ammonium picrate, have been fre¬ 
quently tried, both for sporting and military 
purposes, but they have b^n practically aban¬ 
doned at the present time. A recently suggested 
propellant for small arms and guns by the 
Foiraerite Explosives Co., of New South VVales 
(Eng. Fat. 16505, 1015), is a nitroglyoenii 
powder with 1 p.c. mineral jolly, and 2 p.c. 
calcium picrate. It is claimed to be more 
powerful than cordite, and quite stable. Some 
of the early French military smokelcsH powders 
contained picric acid, and at one time a powder 
eontaining about 5 p.c. ammonium picrutc was 
tried in the Mauser rifle by Germany. 

The Araeriean Peyton jwtvder was, at one 
time, a nitroceliuiose and nitroglycerin powder 
eontaining about 20 p.c. amnioniuin pieraW. 

FtTl.MI>ATKS. 

Although the fuluimatcs uf .nnisiy heavy 
metals have been prepared, mowt of tiieni are 
exceedingly Hciisitive and fno unstal»le lor uh<- in 
exploHivcM. Tlu! inercurv salt is th<‘ only one 
in practical use, thougii fiilninmlc Jina 

been licensed for use in toy liicvvtukM only. 
.Silver fulminaU* is prcpat. fl in a snmlai manner i 
to mercury fulminate. Jt jh more si'iiHitive k) 
friction and percussion Ihan the mereiiry i-om- 
pound, and has a grwik'i- e.vplosive power. 

Mercury fulminate, discovered by Howaid in 
1800, is produced by the n^action wlm li ensues 
on mixing together alcohol and a solution of 
mercury m oxeess of nitric acid. 

In Liebig's pioc<i,H.s, and (Uievahers modi¬ 
fication of It an UBe<l in France, rlu' .solution of 
mercury in nitri<“ acid is used <-old ; in Oliaiidc- 
lon’s process it i.h used warm. 

CheiHilier\s- process, [i parts bv- wciglit of 
mercury (300 grains) ate dissolved* in the cold 
in 30 parts of nitric aei<l of l‘^14 spgr., and the 
solution is poured into a flask containing 10 
p^of alcohol (of 00 jj.c strength). After aome 
minutes an energetic reaction cominenc<«, with 
formation of crystals of mercury fulminate. 
Towaitls the end of the operationftwo successive 
additions of 2'38 and 1 *58 parts of alcohol are 
made; tlie fulminate obtained is thorouglily 
washed and dried. 

The addition of too large a quantity of cold 
alcohol towards the end of the operation is 
stated to yield an impure fulminate. The yield 
by this p^ess varies between 118 and 128 p.c. 
of the weight of mercury used. 

Chandeton's process is the one almost 
universally used, and the original proportions 
are usually closely adhered to. 1 part by 
weight of mercury is dissolved in 10 parte of 
nitnc acid (sp.gr. 1 *4) at a gentle heat; the j 
solution, at a temperature of about 65®, is poured i 
into a capacious flask or retort (its capacity must 
TO at least equal to six timeg the volume of the 
hquid) containing 8’3 parte of ^cohol (oPsp.gr. 
^*63). The flask is connected by a cork and i 
tube with a stoneware condenser, to recover 
Bpirit • ! 

In about a quarter of an hour, the reaction i 
TOmmenoee with a slight formid.ion of gas! 
oub Wee; very soon the liqmd boils, and the i 
ussk becomes filled with voluminous white i 


vapour. The viotenoe of the action can be 
checked by addinu, as required, a little idoohol; 
for this pnipose the recovered spirit after r^lw- 
tillation with caustic soda can be utili^. If 
the reaction be too much restrained in this way, 
the fulmmate is likely to contain metalho 
mercury. 

Tile mercury fulminate is precipitated 
from the liquid in small greyish-coloured needles. 
Wbi'ii the action is over, the contents of the 
rctij^ are cooled down quickly and the mother 
liqi.Kl jiuurcd ofl, the fuliiiinato is filtered and 
washed, then jiasHcd through a fin© not filter 
to remove large ciystals, and finely washed 
; on a finer not filter until fn‘c from ocitfity. The 
I nitric acid liquid, after cooling, does not contain 
i anv appreciable quantity of mercury. The cal- 
I cufutetl yield of fulminate is 142 per 10() of iner- 
j cury ; by tide process the mean yk'ld is 125 p.c. 

: mercury fulminate'. 

A ])roce«.s very Himibir to the above is oin- 
fjloyed in this country; tlio yield of fulminate 
IS about 123 parte jM'r 1(K) of mercury. 

Mcreury niliuinato is usually light brown- 
I grey in colour. White fulminate of mercury is 
: innnufactured by adding a little copper and 
I hydrochloric acid or potassium chloride to the 
' solution of iiuTcury iiitralo, before pouring it 
into the alcohol. >><4onina(Zeitech. Ges. Schtess- 
u. Spit‘ngHk)lTw(«en, IltlU, 41, 67) finds that 
other chlori<l(*s have a similar effect, but that 
the use of bytlnx'hloric acid alone leads to the 
formation of a considerable quantity of oxalic 
acid which contaminakw tlie fulminate. Ho 
finds that the purest fulminate results from the 
addition of ounrous cliloridc. 

Mercury fulminate is sometimes mcrystallised 
from lioiling water or from alcohol, but this is 
not usually found ncersHary. The best method 
of puiilication is to dissolve in pyridino, filter 
tho solution, and precipitate by adding an 
excess of water. Traces of frt^e inorciiiy can be 
removed from fulminates by placing it for a few 
days m a vacuum desiccator. 

Angelico (them, Zentr, 1301, ii. 404) prepare® 
mercury fulminate by treating a solution of 
mercury in an excess of dilute nitric acid with 
a strong aijneous solution of malonic acid and a 
little sodium nitrite solution. A considerable 
rise of temperature takes place, with copious 
evolution oi carbonic acid gas, and oiystals'of 
I fulminate separate out. So far as is known, 
this process has not been used on the manu¬ 
facturing scale. 

I'^ulminate is usually stored in linen bags 
immersed in water, explosive power of 

samples is unaflcc^ even by prolonged storage 
under these conditions at normal temperatures. 
Before use ii is usually washed tfaroi^fa a 40- 
meeh sieve. Jf dry fulmmate is required, it is 
spread out on linen or fiaper, support)^ in 
wooden^frames with string-net bottoms, and 
dried in a current of dry air, or it is sprei^ out 
on cloths on copper tables, varnished with cc^>al 
to prevent attack by the wet fulminate, heated 
either by hot water or steam, at a temperature 
of about 40®, the temperature not being allowed 
to rise gbovc 45®. Passborg of Breidau hoe 
devised an apparatus for drying fulmipate of 
mercury uj a vaconm. Tim drying ohambw is 
heated by steam, which eair^ re{d*9ed Ire oold 
water when the folminr^ is dry. Ezptosfm 
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only buiti with difliculty in a vacuum, and there 
suflicicnt vacuouH space, with the aid of 
nafeiy valvcB, to picvc.nt any damage? should an 
ignition take j)lac<“ of (li<i quantity of fulminate 
dried at one time. tVhoii dry, the fulminate 
is allowed to <‘()ol, any lumpn are broken down 
by a soft pad. and tlie fulminate passed through 
a muslin cloth. The dry fulmmaU* is stored in 
papier mache eylmdeiK with lids. 

rU's.'- Coiiimercia! meieury fnlmimite 
is in the form of small erystals, of whit^; oi 
jiale-browu colour. The erystals of most eum- 
niereial Hatriples all pass an SO-mesli .sieve, 
SO p.c. or so pass a 120-mesh, and about. I>0 p <•. 
pass a 20tt-im'.sb. Some veiy him crystal ilust 
IS UHuaily picHciil. it myslidliscH m well df-litied 
oetalmdra, which fnipumlly twin along the 
major axis, and rejmated l.winnmg to f<»i in ladder 
like ei'VBtals is common. 'I’hc larger eiysta!'- 
are usually triMi''at.cd to .sm-li ait extent that 
they fm-m plate, 

in a stale of piiuty il. crystaUiHcH in white 
silky needhi-s. It ns almost iiisolnblc in cold 
water, hut. .solulilc in li'tHimcs its wciyhtot bod¬ 
ing water. It IS di'i omposi (1 slowly b\ iKnIiiig 
water, and e\en at. lower temiieiatuie.-N on pro- I 
iongtal <ligeHtloii. 'riie blown <-o|our o( some j 
commercial Bamplcs, ai.t.iibute<l t.o the juesrmc 
of resinou.s impuiit.M's, is usually evenly distii- 
buted thioiiglioiit. the crystals. Init. Ill some 
Maniples it. occurs nuuiilv alone tlie edecs of t-!ie j 
crystals. »ii in spot-N Tlu- latter eryst.als gene¬ 
rally have the tlarkei colour It is solulde m 
jiyridine and alcohol !’'ulminale may be dis¬ 
solved to a clear solutmu m ammonia, and ni 
ttoliitions of polassium eyamde or sodium thio¬ 
sulphate. 'rim pi unary icaelum for tin- solution 
in thiosulphate is repj«\sente<l )»y the equation 

Hg(<'NO),. i 2Xa.S,(t, I 211.0 

A Hmall re.sidue U left from commercial sample.s, 
whhdi eon-sista largely of five mi'ieury, but also 
contains mercury eoinpoumls, eontaming eaibon 


minato in fine powder by friction or shock, that 
with 10 p.c. of water it decomposes without de¬ 
tonation, that with 5 p.c. wat«r only the portion 
struck detonates. These results were, however, 

I obtained with small quantities of fulminate, and 
should not be presumed on m manipulating tho 
Bulistanee. In small quantities it will bum 
(ieieely w’ithout explosion when ignited, and 
largo quantities may be saf<‘ly destroyed by 
burning it m a train after mixing with oil. 
Mercury fulmuiate, when heated with a largo 
volume of watvr umler pre.ssure, decomptises 
into metallie meieurv and non-explosive mercury 
compounds of unknown composition. Small 
<]uaniities may bo destroyed by warming with 
aiumoiuum Kul|>hide or sodium thiosulphate, 
care being taken that tho suljihnlo or thio- 
suljiluite w in sidbcient excess. 

\Vln*n only sliglil.l,y conlined, evim between 
.Blieets of paper, mercury fulminate explodes 
violently when igniteii. 

It is <let.<»iiated by beat.; the temporaturo of 
explosion is \anoiHly stated as 187°, 200°, and 
J‘l!r. Tlie firing-point, a.s usual, dejiends on 
tlu^ form of apparatus and tlie rapidity of 
heating up, i!;udiou iak«‘s piaeo at a lower 
temperature if tli<‘ <“.\)il()siv<' be slowly boated 
than when bealing up is raj/id, and with increased 
rjuantity of iiiat<“rial. when this is small, up to 
a limiting weight. The results are, no doubt, 
mfiiienced by tfie b<“at of (h-eonijto.sition of tho 
material de<omj»osing before igait.ion. Wohler 
found that w’lth 0'02 gram of fulminate detona¬ 
tion took place after .7 seconds at a temperature 
..f 215 '. 

It can also be exjiloded by a spark from au 
induet-ion coil or by rou^aet with strong sul¬ 
phuric acid, h'ulminate can l>o expUaled by 
I'ontivcl with n wire heated to ineand(‘seence by 
means of an electric current, hut hi mcu6 only 
the part actually in contact lircs. 

’I’hc jiroduets of its detonation are carbonio 
oxide, nitrogen, and metallie metvury. Berthe- 
lot and Vuulle examincil them—the fulminate 


and li\ilrogen, of uneertam compoMt.ion. it 
has a MWtH'Ush metallic liusto. and is usuall_\ 
htated to be \t'ry poisonous. However, fungi 
frt'qucntly grow on organic matb'r, tin- linen 
bags and wooden barnds m winch fuliuinaW is 
Btored, in eonUet with it> dilute solution in 
water, and workmen engaged in handling wet 
fulminate do not show signs of meu urv poison¬ 
ing. A non-pf>isonous ]»ropi‘rty would accord 
more with the fact that an aqmams solution of 
fulminate docs not give the ordinary reaetioiLM 
for mercury ions. 

Its sp.gr. is 4‘42 (Berthelot and Vieille). The 
bulk density of different samples vanes eon- 
eiderably. and mainly according to the si/e of ' 
tho crystals. It is difficult to get very con¬ 
cordant rwiulta, oe much dejionds on the ainount ; 
of tapping, but conqiarotivo figures for^tinc and | 
coarsefulmiimteB were 1 and I '55 respectively. 

This variation is of importance in chaining 
fnlminato detonators by mcasun?ment. In tho 
dry state it explcKlc.s violently by a moilcratt' 
blow or bv sli^nt friction; its sensitivent'ss is 
loBBoned wlien it is moisbnietl wit h wat^'r. I,.argo 
CTy-BtalB ai>d complex crystals and clustem an*, 
more Bonsilive tfian small crystals. Thus 
Bert.l)clot BtftoB tlm tho prt'eenco ot 30 p.c. of 
water prevents the 4'wnipo*ition of tho ful- 


being detonaUul in an atiuosphiTc of nitrogen— 
j and obtaiiu'd in live experiments per 1 gram 
fulminaU' 2I>4’2 e.e. of ga.'^es, consisting of (lOg 
015 vol, (’0 b5-70 vols., N 32-2(5 voK. H I'fiO 
vols. per 1(K) vols. gas. Tliis agrees with 
Hg(‘,N,(>,-2i;U+2N+Hg 
ri'quinng 235-0 e.c. From these results and from 
an estimation of the mci-cury, they obtain for the 
eonqmsition by weight of mercury fulminate, 
C 8-35 ]..c.. Hg 71-30 p.c., N 9-00 p.c., 0 11-06 
j p.c,, TI O-t.4 p.c.. total 100-34, every constituent 
' Laving l>cen estimated. This confinris the ac¬ 
cepted formula HgOoN^Oj, requiring C 8-45 p.c., 
Hg 70*42 p.c., N 9*86 p.c., O 11*27 p.c. The ful¬ 
minate analysed contained a trace of metallic 
mercury. 

The decomposition HgC^NjOj into 
2CO-l-2N+Hg ' 

disonmi^fcs 4114*6 Falories (kgnL-dogrees) of 
heat at constant pressure per 284 grams ful¬ 
minate, the mercury supposed liquid; for mer- 
I cury gaseous, -f-OO-l Cals.; or per 1 kgm. 
fulminate, 403 O'ols. and 349 Cals, resp^tively. 
Mercury fulminate is an endothermic sub* 
stance; in its formation from its elementa there 
is absorption of heat, —62*9 Cals, per 284 gnuns, 
or —221*6 CaU. per 1 kgm. 
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> pj^cMure produced by the detonation of 
bury fuiminate in a epace entirely hUed 
"fc hns been estimated by Berthelot and Vieillo 
he cn»Ker-gauge api>aratus of the former; 
find it to li? more tnan twice that of nitro- 
rin, and about three tiniea that of gun- 
de^naU'd in apa( 7 Ci 8 filled by them (but 


CafhoH an-i nUrogm may be eatimated bv n 
careful combustion, if the fulminate is mixed 
with a l%rge excess of copper oxide. The 
mercury is absorbed by gold leaf placed in the 
calcium chloride tul>c. 

KxploHiic power i« found by firing in lew! 
blockM. 20 grains arc fired, oleciric^y, in a 


ig the interstitial air of the guncotton). : cylindrical lead block 0 inches high and 4 inobes 
attribute the |>ower of mercury fulminate i in diameter, with an axial cylindrical hole 
ectiug detonation to the cn'alru'aH of tliis , 0-25 inch in diameter and 2 im'hes di^op. The 
lure, coupl<?d with ith sudden development cnlaigemcnt of the eaviiy formed, measured by 


fthclot and Vieille, Annalen, f21] 500, IH,sO). 
The main factor causing the- detonativc 
^ cter of the explosion of increurv fulminate, 
rperbaps, the extreme rapUlity tlic expl(»- 
lin, which is further heljM'd by the high density 
the explosive. The c0ei-tM*of the d<“(onation 
fiilminat/C and fulminate conijxwitions are 
wavs quite local. The Kharpnes-H of the 
plosion is also no doubt <-onni'cted willi tin* 
ct that the ];r<Hluct.s (*f d(‘tt>nation do n<it 
ideigo di.sM(»c«atron, and so the c•\plosive rv- 
tion i.H not prolonged l)y tins pheiuinienon, as 
uauallv the CiUHc 

The farger the ci \'>.t4il.s of fulminate, tie* more 
siiy can it Ik* detonated and the gieatcr the 
plosive elToct: for this reastm. brown {kr grey 
InunstK^ is slightly mor«* powerful than white. 

Testing ; Micrtmopt-Tlw crystals should 
I well defined, of uniform size, and free from 
iiiblo imniirities. Aletalhc mercury {‘an s(*me- 
nea be aoteete<l. 


rum.nig in wall r from a bundte, is an index of 
the explosive power, as compared with that of 
stan«lar<l samples, 

Fulmixatb CoMrosmoNs. 

-MiTcury fulminate is uswl in dekmatofs, and 
is the active ingn^lient in ignit.ing and detonating 
mlxturtw, its value ilepending on its extreme 
.sensitiveness to friction and jx'rcussion. 

hjnilnu/ inirfvres. Mercury fulminate la too 
rapid in its action to bo used alone. On firing 
a train of fulminate covered with gunpowder or 
cordite, tlio latter are simply dispersed without 
being ignik'd. If tlie fulminate lx* mixed with 
a little potassium chlorate, the rale of burning 
i.s docroased, and the temjierature and fiamo 
imu-casi'd by the i-omhustlon of tho carbonic 
oxld(*, and tlie jkOwd<*rH are ignik’d. Tho 
explo.sion with potassium chlorate may bo 
r<*prc 8 cnted by : 

-2K(:i f3Hg+0(10i.-f-3N, 


Total mercury is estinmlcti by diHsolving the :tN 20 i-|- 2 KC:i 03 

mple in strong ammonia or a solution of A niixluro of 22-3 p.o. potoBsium chlorate 
■tamium cyanide, precipitating w’itli am- , and 77'7 p.c. mercury fulminate, i.e. in the pro- 
riiiium sulphide, and W'eighing tlie mercury portion recpiired for the oxidation of the caAon 
Iphulo M usual. Jt may also be estimated by to carbon dioxide, gives by its explosion 706 
wtixklytic dcpositiofi on copper. The sainjilc cals, (mercury, liquel) or 06.3 caLs! (mercury, 
ould preferably bo dried in an atmosphoro gaseous) per 1 kgm of mixture. The volume of 
turatnd with mercury vapour to prevent loss gases (at ()'■ and 700 mm.) produced is 183 liti-es 
free meivury. t’ornnuTcial Hamples generally j per 1 kgm.—less than with tho fulminate alone j 
ntain about 70 5 p.c. Ifg. the theoreti<-al pr<jssure is very near that of 

pure fulminate. Tho chlorate renders the mix¬ 
ture very sensitive (Rorthclot). 

PerruMion caps were invented by Egg in 
1815, Forsyth having euggosUul tho percussion 
sysUun of ignition in 1807. Th(* cap shoUfi are 
small closed cylinders usually of pure copper, 
in the early caps, pure fulminate was usod 
; agglomerat<id by means of wax or an aqueous 
I solution of gum. 


Fulminate is dot<‘rmiae<l by the metliod 
described by Philip (Zeitsi'li. ties. Rchiesa- u. 
Sprengstoffwosen, 1<)12. IHO, &c.) 0*3 gram of 

the fulminate is <lis 8 olved in 50 e.c. N'lO-thio- 
Kulphate containing 3 grams of potoisium 
iodide. The following reactions ^ake place : 

Hg(ONC),-f4KI=K,Hgl4-b2KOX(; 

2KON(: + 2H jO=2HONO+2KOH 
2H0NC-f IfjO f 2Na,S20, 

=Na 2 S 404 -f 2NaO H+HCN+IIONO 


Tn later igniting cumpositions, mercury 
n V • 1 * • j 1 . . fulminate and potassium chlorate were mixed 

J he free alkali IS doternuned by N/10 sulphuric with other combustible substances, such as 
* j I of thio- may also be deter- ; antimony sulphide, suliihur, and mealed powder, 

mined by titeation with N/IO iodine solution to increase the size of tho flame and onaur© 
Ma starch. Pure fulminate should give identical : ignition of tho powder. Powder©# gloss Is 

reemts by the two titrations. Supplies give , frequently added * '- •’ ' • 

irom 98-5 to 99-5 p.c. mercury fulminate by this surfaces and Hcnsit, 
method of <*timation. i . 


k) increase tho frictional 
I Hcnsitiveneas of tho composition, 
i Tho best igniting comp<Mition for any particular 


determined by dissolving the ; composition and form of propellant has Iwgely 
sample in 0-880 ammonia or other solvent, > to be found by experiment. 


filWring and washing tho residue, and deter- 


by experiment. 

A clip competition must not be too ©low nor 


mercury m it os usual. As already | too rapid in ite rate of biuning. If too slow, 


mentioned, this residue 4Slao contain* some 
iner^ry compounds; an idea of the quantity 
of nee mercuiy cmi be got by examining the 
widue on the paper microscopically before 
d*~olvmg in acidL ^ 

Oxalaie is determined in the filtrate from the 
sulphide in the total mercury estima- 
tton, by add^ NH 4 CI and OaCl,. 

VoL. nr,—r. 


much of tho heat of combustion may be con* 
veyod to the mot^ parts and irregular ignition 
of tho propellant or even mi^-fiies .may occur; 
and, on the other hand, if too rapid the ohiurge 
of propAlant is disturb and uneven ignition 
ana irregular firing results are obtained^ Hmr© 
should 08 A certain proportion ot solid m- 
grediente oThlgh specific heat in idle oomtHisrion 
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produoto, in order to make ignition certain. To 
seenro r^iilarity of ignition, the ingredients of 
the composition shouM be of even si^ and weli 
mixed. 

Aluminium /jowder ii/is i>oon suggested by 
Brownfldon (Kng. Pat. 23300, lOtk) as an 
ftd^tion to increase the strength of cap com¬ 
position, the metal being either mixed with the 
other ingredienifl or pressed in a layer on •the ; 
surface. Ziegcr (Eng. Pat. 146K3,1900) suggests ' 
barium nitrate, with a little barium carbonate, 
as a substitute for the potassium chlorate :*thc 
products are said to act less corrosively on the 
gun-barret, and the earbonat.(^ i.s said to give 
stability to tlie mixture. 

For block gunpowder, tlm Englislj Service 
cap oQtTiposition was a mixture of 37‘5 pc. 
mercury lulminate, 37'0 )).e. jjotassium tdilorate, 
iinci 25 p.c. antimony suiphulc, witli in some 
cases 12\') p.e. ground ghws, the i liarge lieing 
0'22 to 0'25 gram per cap. A mixture of 
Hitnilar composition wa.M useil hy nuKst other 
countries. 

For smokeless powders, which are more 
diflicult of Ignition, a slower mixture with a 
longer flame is necc-ssary. 'I’h«i Service corn, 
position for rordit/O sinail-ann ammunition is 
composed of lt>'0r> jj.r. mcrr;ury fulminate, 
33'33 ]).(!. potassium chlorate, 42'Sfl p.c. anti¬ 
mony sulphide, and 2‘38 fi.e. each sulphur and 
mealed |)Owd(u-. Tin* charge piT caj) is O'fl 
grain. Barium nitrate n(*w re[fla<'es a large 
proportion of tlie potassium chlorati* in many 
oommercial cap eompositions, a suitable eom- 
poeition being 40 p.c. mercury fulminate. 3!) p c. 
Mrium nitrate, 7 p.e. ]K>taRaium clflorate, and | 
14 p.o. antimony Hiilphido. The ingredients, j 
other than fulminate, are usually ground so that | 
they pass a i20-ineHh sieve, hut it is desirable ! 
idso tnat they should not contain much dust, or | 
the sensitiveness of the composition may be ' 
seriously lowered. Tll(^ preseneo of grit, such ! 
as is frequently present in conimerei^ samples , 
of antimony sulphide, luus a marked effect in j 
increasing thesensitiveni’ss of these compositions. | 

Mixing aip cfnnposihov.s.—'Vho ingredients of | 
cap compositions wore formerly mixed in a ■ 
wooden mortar for some hours, after wetting • 
with an aqueous solution of gum arabic or an < 
alcoholic solution of gum benzoin, or wen* mixed 
hy hand on paper and afterwards sifted. The ^ 
ingredients are now usually mixed dry. In ! 
England and France, a so-called ‘ jelly bag ’ is i 
uaed; this is a conical silk bag with rows of : 
indiorubber ringp strung on coiw passing from • 
top to bottom. The contents are inixM to¬ 
gether by working the up and down by ! 
means of a cord fastened to tile apex of the bag. ' 
The ihixing only tokee a few minutes. In | 
Oeimony, a similar principle is used, but the | 
mixer is saucer-shaped and contains india- 
rubber balls. 

Charpn^ the caps .—At one time* tne caps 
were ohoiged with the wet composition by 
hand, but now the charging is idways done by 
a machine. The composition in the cap shelfs 
is oompreesed by a pressure of about 1000 lbs. 
per square inch, ana then co\'ered with shellac 
TorffiK or a tinfoil disc, or sometimes both. 

Prod ^'.—The usual proof of caps ^ comprises 
the mioroeoopio aojManalyticai examination of 
the oompesnitm, photc^iraphing the flash, 


detonating in a cavity in a lead bar cmd measur¬ 
ing, the enlargement of the cavity and noting 
the comminution of the cap shell, and a firing 
proof when made up into cartridges. In 
special examinations, determinations are made 
01 the total heat of combustion, temperature, 
and duration of the flash, the volume oi gaseous 
products and their relation to the solid product 
of combustion, &c. {For details, .9cc papera by 
Brownsdon, J. Soc. Chem. Ind. 1906, 381; and 
i Borland, Ibtd. 190f), 241.) 

! Detonators may be lircd electrically or by 
the flame from a fuse, and the construction 
^ varies aerordingly, but tho detonating com- 
! ]i(>Hition is contained in what are practically long 
pen-nssion caps made gtmerally of copper. 

; The charge, as in the case of caps, was at 
one time purt* fulminate, and is at tne present 
tinu* in many Service detonators, but a mixture 
of fulminate with potassium clilorate, and some- 
: turn's other ingredients, sueh os guncotton, is 
now usually used in industrial detonators. The 
; mixtures contain 80 to 00 p.c. mercury ful- 
' jiunale; 80 p.c. fulminate is common in England, 
00 p.c. in the United States. 

I JTagen {Zeitscli. Oos. Schioss- u. Sprongstoff- 
’ wosen, 1012, 201, ^c.) states that the addition 
of potassium chlorate increases the detonativ© 

! efficiency of mercury fulminate, owing to the 
increased heat and gas pressure product; but 
I Wohler (Zeitsch. angew. Chem. 1011, 200) is 
, of the opinion that tlie increase of total energy 
1 H'sulting from the addition of the chlorate is 
I" morci than counterbalanced by the decrease in 
i the velocity of detonation. Storm and Cope 
(IIS. Bureau of Mines, Tech Paper 125, 1910), 
by practical experiments in their sand bomb 
a]>panvtus, found that 80 : 20 fulminate-ehlorate 
mixture had greater defconative power than the 
0010 mixture, and that the latter in turn is 
superior to mercury fulminate alone. For 
example, for com[ilete detonation of 0*4 gram of 
‘totryl,’ 0*35 gram of mercury fulminate, 0*30 
gram of 00 : 10, or 0*276 gram of 80:20, ful- 
ininate-clflorate mixture is required. If the 
detonating composition be compressed very 
highly in detonators it simply bums on contact 
with flame, butwithin the limits of compreraion 
used in commercial detonators the degree of 
compression has little or no effect on the detono- 
tive power. The presence of 0*76 p.o. moisture 
in the charge of a detonator filled with 90: 10 
composition wife found to liave practically no 
effect on its detonating efficiency. Teste by 
Taylor and Cope (U.S. Bureau of Mines, Tech. 
Paper 182, 1917), carried out with mixtures of 
mercury fulminate with various oxygen carriers, 
did not show any relationship Iwween the 
priming efficiency of the mixtures and any 
property of the oxidising salt; they all gave 
equally efficient mixtures. They found mercury 
fulminate to be more efficient as a detonating 
agent when unoompreeaed than when com¬ 
pressed, whereas efficiency of detonators 
containing lead azide increased with the loading 
pressure. They conclude that the detonating 
efficiency of an explosive depends on two 
factors, on intensity or quickness factor, depend¬ 
ing on the acceleration m the explosive reaction, 
and a capacity factor, the * suength * of the 
explosi^^ 08 measured by the send benab 
apparatus, the intensity factor b^ng tihe more 
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importoat. Silver aoeMide hae Idw detonating | 
power, but increaBos the efficiency of mercury 
fnlminit trft, probably due to the low ‘ steength ’ 
but great * quickneas * of ifca explosion. 

The property of detonating another explosive 
does not depend merely on the violence of an 
explosive, for Abel found that 0*32 gram of 
mercury fulminate would detonate guncotton, 
whereas ton times the weight of the more 
violent nitrogen chlondo was required. To 
explain the value of an explosive in initiating 
detonation in other explosives, Abel (C’ompt. 
rend. 1874, 1228) advanced his theory of wave 
synchronism or sympathetic vibration. Wohler 
and Matter (Zeitsch. Ces. Schioss- u, vSpreng- 
stoffwesen, IW, 181, &c.), in the case of 
mercury fulminate, attributed its value aa a 
detonant to the pressure produced by the 
kinetic energy of the molecules, that is, that 
it is due primarily to the rate of detonation and 
density oi the fulminate, and secondarily to the 
gas volume and heat evolved. Nobel attributed 
this projMirty of fulminate to the^very intonsci 
shock or piwsure instantaneously set up on its 
explosion, and Berthelot, as mentioned when 
considenng the proportiiw f>f mercury fulminate, 
adojited the same view, but also called attention 
to the contributing fact that the products of 
explosion undergo little, if any, dissociation. It 
is certain that velocity of detonation and power, 
or total energy, alone do not determine the 
value of an explosive as a detonant, otherwise 
nitroglycerin and blasting gelatin would have 
greater, instead of for less, detonating value than 
mercury fulminate, and mercury fulminate 
would liave greater value than its admixtures 
with an oxidising salt. It is probable that all 
these factors are contributory to the property 
of initiating detonation, and considering the 
high value of this property of silver, mercury, 
and lead compounds, fulminates, azides, picrates, 
and acotylides, it still seems that Abel's original 
theory, or something analogous to it, is not 
entirely to be neglected. 

Tlie detonators are charged and the charge 
compressed as with caps, except that detonators 
are usually compressed singly, owing to the 
strength of the charge. A pretsure of about 
4000 lira, per square inch is used, giving the 
fulminate or mixture a density of 2*8. The 
ingredients should bo even in size and well 
mixed to act efficiently. 

The following detonators are bsod :— 
Description No. 1 2 3 4 6678 

Charge, grams . 0-3 0-4 0 64 0-65 0*8 1*0 1*6 2 
They vary in length, from 16 to 46 mm., and in 
diameter from 6‘5 to 6'8 mm. 

To obtain the full effect from a detonating ' 
explosive, a detonator of sufficient power is 
nectary. A No. 3 detonator is sufficient for! 
ordinary dynamite, but for the modem safety 
explosives, such as those of the ammonium 
nitrate class, at least a ^o. 6 detonator is 
necessary for effective detonation of th# explo¬ 
sive. 

As a detonating composition for high 
enlosives, which can be 6red with safety in 
shells, Maxim (Eng. Pat. 18682, 1894) proposes 
» mixture of 76 to $6 p.c, of mercu^ fulminate 
inth 16 to 25 p.e. of a nlMting gelatin composed 
w 76 to 86 p.o. of nitrogljmerin and 16-26 p.c. of 


collodion ootton. The admixture is aided by 
the use of acetone, and to decrease the sensitive¬ 
ness the mixture is sometimes made of a spongy 
nature by blowing air through it whilst it ism 
a syrupy condition, or nitrobenzene may he 
added. 

Other igniting and detonating compoiitione. 
Many mixtures, frequently not containing mer- 
oury fulminate, have been from time to time 
Buggestod. The drawback to fulminate cap 
compositions is that the mercury in the com¬ 
bustion products attacks the metal of the 
cartridge cases, causing them to crack and be 
unfit for furtlier recharging. Early mixtures 
containing guncotton and potassium chlorate, 
load jiicrato, &c., wore not very successful. 
Mixtunra of merefiry or lead thiocyanate with 
potasNiuin chlorate, and of mercury or lead 
chroinato, mercury fulminate, antimony sul¬ 
phide, and powdered glass have been proved 
efliiciont with certain sporting powders. A 
mixture of 82*8 p.c. of mercury finminato and 
17*2 )>.c. of ammonium perchlorate was suggested 
by Alvisi ([J.S. Pat. 707493, 1902). It was pro¬ 
posed by Bielefeldt (Eng. Pat. 20133, 19(X)) to 
substituti* all or part of the mercury fulminate 
in detonating tiomposition by picric acid, nitro- 
Daplithaiene, nitrocellulose, &c. With safety 
explosives, ho also suggested the addition of 
aluminium nitrate. W(mler (Eng. Pat. 21065, 
UKX)) jiroposod the use of high nitro derivatives, 
such as trinitrotoluene; and Gehre (Eng. Pat. 
19402, 1905) suggested di- or tri-rntromonitylene, 
and di- or tri-nitropseudocumene. A littm ful¬ 
minate is necessary to ensure detonation, but 
with trinitrotoluene not more than one-tenth of 
i the usual quantity. Trinitrotoluene detonatom 
! are very largely used in Germany, and the 
Kheinscn-Westfalische Gosellschaft have pa¬ 
tented the use of totranitromothylaniline, or 
‘ Tetryl ’ (Eng. Pat. 13340, 1906). Swope 
(U.S. Pat. 1194096, 1916) suggests a compressed 
mixture of nitrocellulose, or other nitrocarbo- 
hydrate, a thiocyanate, and a chlozate as a 
priming or detonating composition. 

As substitute for mercury fulminate, 
Angeli (Fr. Pat. 327892, 1902) proposed the 
barium, strontium, or calcium salts of the 
bydroxamic aci(hj; Wohler (Gler. Pat. 196824, 
1007) proposed the azides of silver, mercury, 
or other heavy metal; it is claimed that a 
smaller quantity of these substances is necessaiy. 
Hyronimus (Eng. Pat. 1819, 1908) suggested the 
use of lead azide. The azides are coming into 
increasing use for i^iting and detonating com- 

g ositions. The Winchester Repeating Arms 
o. (U.S. Pat. 1174669, 1916) suggest a mixtuie 
of lead azide, a nTtro compound, such as nitro¬ 
cellulose, and a substance such as on ^kaline 
azide, which leaves an alkaline residue on 
ignition; and Bu^ (U.S. Pat. 1184316, 1916) 
suggests sodium azide, with or without potassium 
chioratl, and antimony sulphide as an igniting 
' charge. Hen proposed nitiodiazobenzene peor- 
’ chlorate (Fr. Fat. 460897, 1913), and Von 
I Girsewald (J. Soc. Chem. Ind. 1912, 1068) 

; suggested hexametbylenetifperoxidedhuadiM ns 
detonat^ agents. They both have mat 
efficiency, being decidedly superior to menrury 
fulminate or lead azide, b^^ey are ^jiadi^y 
. and progAspively (koompAhd the moisture 
i in the atmosph^ on i^age. Bmktatd (ICng. 
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Pat. 16405,1014) suggcwte their use in composite 
detonators, in which these sulistancee arc 
primed and further protected by an igniting 
charge of caj) tsompoHition. Tlie tetranitrate of 
p(!ntacrytlirit-ol ih suggested by Stettbacher 
(2oitMcii. (JcHK. SciiioKs* u. SprcngstoffwcKen, 
1010 , 11 ) as «uital»l<‘ for use in primers and 
detonators. 

Mixtunw, without, fulminate, containing 
aluminium, iiavc been proposed by Puhrer (Eng. 
Pat. 275.5, 1001, and 24812, 1002), llielefeldi 
(Eng. Pat. 7148, 1001), and von DalimentU.S. 
i’at. 702357, 1002), but these mixtures n!(|uire 
very strong conCmiunent to be elTeetive ; the 
Westfaliseli - Anliallisehe Sprengstotl Aetjen- 
Oescllschaft hav<^ paioni('d mixtures willioul 
fulminate, eontaining })(>taKsium clilorate with 
mono-, di*, «>r tri-nitroer<'Hol, ire. ; and Itii'h'- 
foldt (Eng. i'at. 2.'}HM0, 1{K)I) suggests a mixliue 
of potassium elilonil/e with trinitronaplithnicme. 

Oornposilf ddonator.s, in wliich the main 
base oliarge is teliyl, tfinitrokilnenr, or ol-her 
nitro* l)4)dy or organie nitrate, pruned by mer¬ 
cury fulminate, a fulmmat«--ehl(»ral<‘ mixliin', 
or lead azide, an* now used very larg< ly instead 
of a ht'avy i liarge of niereury fulnniui.t.e Eor 
exam])lo, a lause charge of 0‘52 gram of l-etiyl 
primed with about 0-52 gram of a t» to 1 ful- 
minate-clilorate mixture will make a ib*toiiator 
of aliout No. b power, and so ('Ibwt <s>nsid<‘i-able 
saving of the expi'usivi^ itn'icuty fulmmale. In 
reinforced delotiafoi.s an inner perforated nu'tal ' 
shell is pressed down over tiie enarge. 

Efficiency .— l)et.onants have, by their elTeet 
when detonated on a lead plate, been placed in 
the following order of etlieieney as regards tlieir 
value OH initial detenanis for otlier explosives, 
by Wohler and Wauer (Zeitsch. (Jos. Selness- u. 
Sprongstoltwosen. 11)07, 2()5): silver az.oimide, 
mercury fulminat.(‘, tninoreuraUh'bydc and a 
porehlomte, trimen-uraldehyde and a chlorate, 
diazobenzene nitrate, nitrogim sul])!iid«*. sodium 
fulminate, ami niereury nitronu'tlmne. Wohler 
and Matter (Zeiteeh. tU's. Sehii*ss- u. Sjnengstofl- 
wi«en, 1007, 245) found that the (letonative 
power of a detonating charge dejx'nds on tiu* 
conditions of use, especially on tlie ar<*a of eon- 
tact aurfaco b('twetm th<^ detonater and the 
explosive. By iriid witli a No. 8 detonator, the 
2 'gram charge of wliieli was com])rossed at 
pit^HUros from 100 to 2000 kgms. per square 
cm., they found at first a doewase in the size 
of the cavity in the lead block test, with increased 
loading density, but still higher densities of 
loading give no (bfference in result. 

The sand bomb tost (see p. 05) is an excellent 
method for comparing the cfiirienoy of detona¬ 
tors. • 

Othbu Explosive Compoitni>s. 

NiiroHarch. Bmconnot and Pelouze first, 
nitrati^ starch at the same time as cellulose, 
the explosive product, like nitrocelluiosb, being 
originaUy called ‘ xyloldin.' Attempts to use I 
nitrostarch, from time to time, for explosive 
work failed, partly owina to the instability of 
the product, and partly because, owing to the 
difficulty in nitration, the product had a con- 
side^bly smcdler nitrogen content thiSi nitro- 
cellulosd; 

Braconnot an<|j|^elouEe carried'' out the 
nitration with nitrie ao|d alone. Uchatius first 


used a mixture of nit^c and sulphuric acids. 
In his process the starch was not added directly 
to the acid mixture, as it clotted together and 
resisted nitration, but was dissolved in 8 parts of 
cooled fuming nitric acid and the syrupy solu¬ 
tion poured, with stirring, into 16 parts of con¬ 
centrated sulphuric acid. The mixture was 
allowed to stand for 12 hours, wa.shed, boiled with 
a solution of sodium carbonate, and dried at 60°. 

The product was a white powder insoluble 
in water and alcohol, but soluble in ether. It 
W£iH V( 5 ry hygroscopic and readily decomposed 
spontaneously, doubtless because of insuilicient 
purification. It ignited at about 175°, and was 
very explosive. 

Later, in America, V'olncy succeeded in 
nitrating starch directly in cold mi.xcd af^ids by 
I using a siiecial stirring apparatus. 

* The Acticn-f.Vssellschaft Dynamit Nobel, in 
i ISOl, jiatcntcd tlic use of nitrostarch in smoke- 
I l««.s powders (Eng. I^at. 612!), 181)1), and pre- 
i pared it on the rimnufactiiring scale. The 
method of pn'jiaration is similar to that of 
Uchatius, The wclbdricd starcli is first dis¬ 
solved in 10 parts of mtrjc acid, of 1-5 sp.gr., in 
a sjieciiil ajijiaraiua of k'-ad, m which the mixture 
IS well circulntetl by meaas of a jiaddle stirrer, 
and kept w«41 cooled by moans of inner and 
outer wati'r-jackets. When all the starch ia 
dissolvi'd, the solution is introduced as a spray 
fioin an ‘ atomiser ’ into live times its weight of 
mixed acids, as a rule waste acids from nitro- 
gly<-crin manufacture, containing 70 }).c. 112804 , 
10 }).c. llNOa, and 20 p.c. HoO. The nitro- 
starcb is jirccipitated os a fine powder, and is 
ri'tained on a filtci' of guncotton bel.ween two 
pc.rforated plates, when the waste acids are run 
off from the bottom of the vessel. The acid is 
]>rca 9 od nut. and tlie cake of nitrostarch stirred 
m water until neutral. The product is treated 
for 24 hours with a 5 p.c. solution of sodium 
carbonate, and finally stabilised by soaking in a 
solution of aniline. The finished cake contains 
about 23 p.c. wfl»ter and 1 p.c. aniline. The 
nitrostarch so obtained is a mixtuie of mono-, 
di-, and tctra-nitrates, wlien ri'lated to C, gHjoGi 0 
as the molecule of starcli—that is, up to and 
mainly containing 11*11 p.c. 

nitrogen. It i.s readily soluble in nitroglycerin, 
even m the cold, and forms gelatinous to waxy 
solids when sullicient of the nitrostarch is added. 

The ponta- and hoxa- nitrostarches, on the 
same basis, hate been prepared by Miihlhausen 
(Dmgl. poly. J. 1892, 137). Pentanitrostarch 
f'ls^LtOtfNOa)^, containing 12*76 p.c. nitrogen, 
was jirepared by adding dry starch to twenty 
times its weight of a mixture of 1 part of nitric 
acid, sp.gr. 1*5, and 3 parts of sulphuric acid, 
sp.gr. 1-8. The product, stabilised m the usual 
way, was freed from the tetranitrate by ^s- 
solving in other-alcohol and distilling off the 
ether. The tetranitrate remained in solution 
in the alcohol, and the pentanitrate was precipi¬ 
tated. Hcxanitrosi^rch CijH, 404 (N 0 ,)g, con- 
taininjf 14*14 p.c. nitrogen, was p^ared, mixed 
with the pentanitrate, by dissolviim dry starch 
in ten times its weight of nitric acid, Bp.gr. 1*6, 
standing 24 hours, and pouring the solution into 
five tim«i its weight of sulphuno acid, sp.gr. 1 * 77 . 

A nitrostarch containing 16*5 p.c. nitrogen, 
ooirespondii^ to an octoniir^ of the composition 
C«H,.0 «(N 09 )|, was prepared by Hough in the 
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United SUtes in 1904 (U.a Pat. 761076. 1904) 
by injecting dried maize starch below the surface 
01 an acid mixture consisting of 3 parts of 
strong nitric acid, 2 parta of strong sulphuric 
acid, and sufficient Nordhausen eul^iirio acid, 
Dont^ning 40 p.o. SO 3 , to give an excess of 2 to 
8 p.c. of unhydrated SO,. The temperature is 
kept at 7 *^ to 10 ”, and Nordiiai^n acid is added 
during the nitration to keep up the strength of 
the imxture. The nitrated starch is filtered off, 
washed, and treated with hot dilute ammonia 
to dissolve out lower nitrates and stabilise the 
product. The final product is an orange- 
oolourod powder, soluble in othor-alcohol. 
Sulwequontly, Holmes (U.S. Pat. 779422, 1006) 
stabilised the product by dissolving in a mixture 
of alcohol and acetone, and then evaporating oil 
the acetono. The impurities and lower nitrates 
remain in solution in the alcohol. 

This nitrostaroh is used in several American 
smokeless powdei’s, and was also for a time 
tried as a eonstetuent in a U.S. Service ]) 0 wdcr. 

The production of so highly nitrated a starch 
as claimed by Hongli has been questioned by 
Berl and Butler (Zeitscli. ges. Schiess- u. Spreng- 
Htoffw. lOK). 82). Using Hough’s method, they 
failed to obtain a product with a higher nitrogen 
content than IH‘44 p.c. A stable nitrostarcli 
containing 14 p.c. nitrogen was prepared by 
Will and IwCiizo (Bor. 1898, OH) by dissoivmg 
dried starch in cold nitric acid of sp.gr. 1 -52, 
standing for 24 hours, and gradually adding 
sulphuric acid. Tlic jirodiict was washed witli 
water, tlion <'old alcohol, and finally hot alcohol, 
and further jiuriliod by dissolving in a mixture 
of acetono and alcohol, and precipitating by 
evaporating off tlui acetone. The ignition-jioint 

I of tho product, 194”, was considerably higher 
than those of tho earlier products of the Nobel 
Oo., and of Hough, which ranged from 120” 
to 175”. 

Pfopcritaj.—Nitrofitarch is a white powder, 
readily soluble in acetone andbthyl acetate, but 
all preparations arc not soluble in ether-alcohol. 
It is soluble in nitroglycerin, but does not 
gelatinise it as collodion cotton does. Berl and 
Butler (Is,), by comparing tho viA.'Ositics of the 
i solutions in acetone, showed that tho molecular 
i complexity of nitrostaroh is very small as com- 
1 pared with that of nitrocellulose, which explains 
tho non-gelatinisation of nitroglycerin. Sapo* 
shinkoff (J. Russ. Phys. Ohom. Soc. 1903, 126), 
by boiling-point determinations of solutions in 
acetone, concluded that tho molecular weight of 
nitrostarch containing 13’4 p.c. nitrogen corre* 
spends to n, Cg, formula. 

Besidee being more difficult to manufacture 
and le^ stable than nitrocellulose, nitrostarch 
IS decidedly more hygroscopic, but its manu¬ 
facture has neon improved, and many suggestions 
have ^n made for its use in explosives, cspeci* 
^ly in the United States. A more stable 
piquet, for example, is stated by %dtler 
(U.S. Pat. 1211761, 1917) to be obtained by 
preliminaiy treatment of the starch with a 
solution of caustic soda, and then with nascent 
oxyg^, to swell the grains and remove im- 
puritiee. After nitration, the first stabilisation 
» carried ou^ as has been found best with 
nitrocelluloae, by boiling the product in the 
presence of a small amount m lesidnal acid. 
Some mixtures that have been suggested are: 


Pieten (U.S. Fat. 1018578, 1912), a blasting 
explosive cdntainiQg 20 p.o. nitrost^h, 76 p.o. 
ammonium nitrate, 4 p.o. nitrobenzene, and 
1 p.c. asphidt; Bronstein and WaUe^ (U.S. Fat. 
1188244, &o., 1916), severe explosives con¬ 
sisting of mixtures of nitrostarch with ammonium 
nitrate, barium nitrate, trinitrotoluene, and 
sulphur; and Treese (U.S. Pat. 1265975, 1918), 
a blasting explosive containing 26 p.c. nitro- 
starc\ 11 p.c. potassium nitrate, 22 p.c. potes- 
aium chlorate, 13 p.c. yellow wax, 7 p.c. soup 
stock, and 21 p.c. sulphur. 

Nitrodextrin, prepared similarly to nitro¬ 
starch, has been proposed for use with am¬ 
monium nitrate in safety explosives, mixed with 
a little rosin. 

Nttromiiniitc or Nilrotiuinnitolt a nitric ester 
CeBj{N 03 )g, prenared by the action of the usual 
mixed acids on the hexahydric alcohol mannitol, 
extracted from manna, tho dried sap of the 
manna ash {Fraxinus Ornus) (Linn.). The 
nitrated product, after being well washed, and 
dried at 40”, ci^^stoUiscs from other or alcohol 
in needle-shaped crystals, which arc insoluble 
in water. It is a very sensitive and highlv 
exj)lo 8 ivo compound, exploding at about 3<X) , 
and has b(>en Huggested as a substitute for 
mercury fulminate. It is more sensitive to 
friction and shiKik than nitrogWeerin, and nearly 
as powerful and local in its oiieots as fulminate. 
It is stablci when thoroughly purified, but this 
purifi(;ation is difficult to obtain on the large 
scale, and the product is usually very liable to 
spontaneous decomposition. 

Nilros^igara. N iirosaccharosr, nitro-cane sugar, 
or ‘ fulminating sugar,’ was first obtained by 
Sclibnbein, by nitrating (iano sugar with a 
mixture of 1 part of strong nitric acid and 2 parte 
of strong sulphuric acid at 12 ®, washing, and 
<irying. It is a white, amorphous powder, 
soluble in water, alcohol, and ether. On gently 
hiiating, it softens, and can bo kneaded, but on 
strongly heating, it explodes violently. It ia 
very sensitive and has been proposed for use in 
percussion caps. It is, however, deliquescent, 
and, as prepared up to the present, very unstable, 
(locking and Kyiioch £xpl. Co. (Eng. Fat. 
2836, 1911) suggest the nitration of a solution 
of 2 (> parte of cane sugar, or invert sugar, in 80 
parte glycerol, with an anhydrous mixture of 
54 parts of sulphuric acid, and 46 parte of nitric 
acid. Tho manufacture is carried out as with 
nitroglycerin, but more thorough washii^ is 
necessary for complete stabilisation. The pro¬ 
duct is given successively 2 washings with water, 
6 with a 2 p.c. sojution of sodium carbonate, 
and 2 final washings with a 0*2 p.c. solution of 
sodium carbonate, all at 40”. The nitratied 
mixture is suggested for rei)lacing nitroglycerin 
in blasting gelatin, gelatin d 3 mamite, and 
gelignite., Nitrolaclose is similar to nitro- 
saccharose, * but can be crystallised from its 
solution in alcohol or ether. It has similar 
violently explosive properties, and ia equally 
sensitive and unstable. NHroghicoWt with 
v^etable fibre and potassium chlomte and 
nitrate, u»a constituent of KeiVg explosive^ 
solid and liquid nitro products, obtidnej from 
molasses, h%ve also been prenpsed. * 

Other nilfo explosives, prepewpd by the 
nitration of a great variet^f oi^anio substoneOT, 
such as wood, flax, hemp, jut^ gelatin, resin. 




so 

!0»1, ke., littvo been prepared, and several have 
aeen already mentioned as condtituente of 
various explosive mixtures. 

Amino, and amino-nitro explotivf, com- 
otmnds. Ammonium nitrate may be considered 
is the simplest of the amino-nitro compounds. 
Gllycocoll nitrate, the nitrate of ammoacetic 
joid, has been used in a propellant, and good 
reeults obtained. Its explosion may be ropre- 
lentod by: s 

OH,(NH,)-0001I-HN03=3H.O-i-2CO-tN: 
and its explosion constants have been compared 
with those of picric acid by do la Koque (Kev. 
de Chom. Indus. 11, 5). The WistlaliBli-Anhalt 
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with 80 0.0. of cone, sulphuric twd. The 
mixture was kept in the ooolmg mixture for 
2 hours, and then 117 grams of potassium 
nitrate were added, the temperature being kept 
below 60°. The mixture, after standing for a 
day, was then heated to 50® for 14 hours, and 
again allowed to stand for a day. The crj^talfl 
0? tetranitranihno were then tiltered off, and 
washed liret with 50 p.e. sulphuric acid, and 
linally with water, and dried. 

Tlic product, melting at about 207®, is best • 
crystallised from acetic acid. It gives yellow 
[ crystals, melting at about 216°, but it does not 
' melt without some deconiposition. It is stated 
to he stable, but on boiling with water, or if re- 


e WestittUHii-Aimaii* ; io sLaoio, uu n-ims ** -- 

Snrenjrstoff A Ch (der. l*at. 203100, 1007) ' crystallised from acetone containing water, it 
BUffCosted the dinitroduilkylamideH for use m is converted into trinitroammophenol, and it w 
explosivee. The nitrates of the aromatic amines, doubtful, even when pure, whether it will 
like aniline nitraUi, are used as constituents (for ; stand prolonged storage. Flurscheim 

example, (^‘ii>ok {Fr. J‘at. 341021, 1004) mixeh that it lias an explosive power as measured by 
the latter witn ammonium nitrate), but they do . the lead block test, greater than that or any 
not contain aullicient oxygen to form explosives j other solid conijiound, hut inferior to that ol 
by themselves. Hermann (CSer. Pat. 170072, j nitroglycerin. It is detonated by a wmght ol 
1906) proposes condensation products of form- i 6 kilos falling 35 cins. It is readily detonated, 
aldehyde and the aromatic amines. ^ when loose or compressed, either alone or when 

Picramio acid and the picramates, and tlio , mixed with nitrates, 
corresponding i-cduction products of trinitro- '/'dryl, or Totralile, is an explosive com- 
crcKol wore proposed by Turpin in potassium • pound of tliis class used in largo quantiti^ in 

ih'r- Pot. luruifii 1KK7\ detonators, and att a ‘ priming ’ or intermediary 

detonating agent lor the less sensitive high 
explosives. It is made by nitrating methyl- or 
more usually dimethyl-aniline, and its com¬ 
mercial name was given on the supjiosition that 
it waa tiilranitroniethylanilinc. It is actually 
trinitroiihenylmcthylnitramine 

CflH,(N(),)8-NCH,NO, 

one of the nitro grou[« being in the side chain, 


nitrate mixtures (Fr. J*at. 185034, 1887). 

Claesson {Fr. Pat. 355695, 19(^5) proposed ! 
tetranitromcthylamline and the ethyl com¬ 
pound, as detonating explosives, and Will 
(U.8. Pal. H27768.190()) uses the same com jfoimd 
mixed witli mercury fulmiiuile. Nitramines of 
the anthraquinone series of various degrees of 
nitration and explosihihly have been suggested , 
by Scholl (Her 1904, 4427), and von Schroettcr 
(Eng. Pat. 8156, mH) proposed liexanitrodi 


j ,. j -. .j' explosi... „ ^ X X -« > 

with oxalic acud, and the nitro derivatives of ; ‘ Cioinposition exploding,’ or ‘ 0. E. 

' ’ lfa7iw/ac/ure.-*-The explosive is liable to be 
of inferior stability, and it is very necessary 
that the material's used in its manufacture 
should be as free os possible from foreign matter. 
The following^ method of manufacture is given 
by I-Angenscheidt (Zoitsch. (les. Schiess- u. 
Sprengstoffw. 1912, 445): the nitration is 
carried out in one stage in a jacketed enamelled- 


aromatic diamines, such as pentanitrodmiethyl- 
metaphonylenediamine, have been claimed by 
the Soc. Anon. d'Explosife, &c. (Fr. Pat. 391106 
and 391107, 1907). 

The nitration of aniline directly gives only 
poor yields of nitro derivatives, owing to second¬ 
ary reactions, and the nilranilinee have not been 

much used in commercial explosives. Ortho- cameu ouu m uuu lu « c*i»*xxvxx^- 

and nara-nitraniliue can be prepared by the I iron pot, fitted with an enamelled sti^r and a 

• ^ * . ’ -thermometer. UX> kg. of dimethylaniline, 

boiling very eloseiy at 190°, is very slowly run 
into 1000 kg. of pure lead-free 97 to 98 p.c. 
sulphuric acid, the mixture being kept stirred 
and cooled. This solution, which should be of 
a clear light-brown colour, is without standing 
run slowly into 430 kg. of nitric acid of 47°B. 
strength,'sp.gr. 1*483, kept stirred, and at a 
temperature of 40°. The reaction is violent. 


nitration of acetanilide, and then removing the 
acetyl groups (Holloman, Hartog, and v. d. 

Linden, Ber. 1»11, 704), and metanitraniline 
W the partial reduction of motadinitrobenzene. 
iriio mononitranilinoe can bo readily further 
nitrated. 2.4.8 trinitraniline, or pkramide, is 
a powerful oxploeive, readily obtained by the 
further nitration of orthonitranilino, or by the 

action of ammonia on trinitrochlorbenxene. temperature oi 4U-. rne re^uou u. v.o.™.., 

TttranUmniline, the four nitro gropps being and the temperature is carefully krat below 
in the 2.3.4.6- positions, was obtained by Fliir- i 44°, whilst two-thir* of the sidphrao ^d 
soheim (8th Int. Cong. App. Chom. 1912) by : solution are run in, after wfcch it is aUowed to 
the reduction of metaainitrobenzonc with ; gradually rise to 66 . The time taken for 
aqueous sodium bisulphide, the product being addition of the charge is 8 to 9 hours, after 
i^Klily nitrated by mixed acids at a tempemtnre which the nitration is comple^ by 
not iiigher than 70°. Its direct production from i stirring for 2 hours at a temp^ture of 83 . 

aniline is deswibed by van Duin and van Lcimep ; The nitnc acid must not be stronger than 
(Roc. Arav.'oliim^917, 37. &o.)., They dis- jetated, or Imge and lew pur^cpstaU are pro 
■dved 26 graiuscranUine in 700 o.c. of cone. ‘ The Tnivtni 

sniphurio acid, then oeoied to —6°, and added a 
mixture of 16 c.o. of nitric acid of Bp,gr. 1'49 


duced. The mixture is allowed to cool over¬ 
night, and: the waste acids are run o0. The 
oiystals are washsdM» a vasuom filter, first with 
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dilute ftuJphurio acid, and then with water ont^l 
quite free from acidity, and rapidly dried. The 
crude product melte at about I26^'~127°. 

Purilicaiion .—It is n^sessary to further 
purify product. This is done by rocrystalli- 
sation from a suitable solvent, frequently I 
benzene of a high degree of purity. The crude j 
tetryl is dissolved in the boiling benzene, the 
solution filtered, and allowed to crystallise 
rapi<^y in a cooled pan, the mother liquor run 
the crystals washed with benzene, anil 
dried in the washing vessel. The benzene is 
recover^ by distillation under precautions, as 
the contain^ impurities are of an unstable and 
explosive character. It is also purified by 
crystallising from its solution in acetone, and 
an-inferior grade from nitric acid. The last 
traces of acid can bo removed by boiling with 
water, but prolonged boiling causes appreciable 
decomposition with the formation of picrii; acid. 

Properties .—The purified tetryl is m the 
form oi very fine pale-yoUow crystalline powder. 
It is practically insiduble in water, but readily 
soluble in acetone, ether, and benzene, the best 
solvent being benzene. The mojting-noint of 
pure tetryl is 129*1®. Jt is diKtinctly more 
sensitive to blow than iiicric acid, being deton¬ 
ated on an anvil by a blow from a hammer, and 
is also more powerful. According to Langen- 
Hclieidt, it can be exploded by a 5 kg. weight 
falling 30 cins. When strongly heated it bums 
tiercel}' with a very hot but smokeless Hamo, 
and ‘ puffs off ’ when projected on to a red-hot 
iron plate, it is readily detonated by a small 
charge of fulminate. It is not only a very 
jiowerful explosive, but has groat shattering 
power, its velocity of detonation being of the i 
order of 7000 metres per second. When com¬ 
pressed to a density of 1-6 its det-onation velocity 
is 7200 metr(« per second, being slightly higher 
than that of picric acid at a density of 1*5. It 
is an excellent initiator of detonation in less 
sensitive explosives, btung used for this puq) 08 e 
either as crystalline powder, granulated or 
* corned,’ or compreesed into j)elletM. It is 
characterised by its high nitrogen content, 
26‘5 p.c., a.s compared with l4ie 18*5 p.c. of 
trinitrotoluene, and is endothermic. It ha-s 
been used to some extent in explosive mixtures, 
for example, in the ammonium nitrate explosive 
‘Portex.*^ It is non-poisonous, but it has an 
extremely irritant action ort the skin and 
mucous membranes, some persons being more 
sn^ptiblo than others. In some cases a most 
painful rash is produced, for which one of the 
best remedies is boro-calamine lotion. 

Bexan itrodiphcnylaminc 

(C.H,(N 05 ) 3 )sNH 

has been used to some extent as a high explosive 
for bombs by the Germans, usually with the 
addition of a little trinitrotoluene. It is a 
stable light-yellow powder,*melting at 238®. It 
IS iiuoluble in water, and not at air readily 
Mluble in the usiud orgaiiio solvents. It can 
w recrystallised from boiling glacial acetic acid. 
It h{M about the same power and sensitiveness 
M picric add, and has the same drawback: 
that it it a<jid muI readily forms sensitive sdte 
with metals. It has an extremely irritant 
ftotion on the akin. 

compounds. All the diazo 


derivatives are vezy sensitive explosive com- 
TOunds. •* Chromate de bentine diasoUe ’ 
C,H(N,HCr 04 is one of a class of explosive 
compounds proposed as detonants by Caro and 
Griess (Eng. Put. 1950, 1866). The diaso 
compounds generally are too sensitive and 
highly dangorovu to be used in practical ex- 
pli^ives. 

Azo compounds. The azo compounds are 
more stable than the diazu compounds. Th^ 

! do hot form explosives in themselves, but have 
' been proposed in mixtures. example, 

I (lirard (Fr. J^at. 349635, liKH) uses azobenzene 
, mixed with dinitrotolueno or picric acid In 
chlorate and ammonium nitrate mixtures, in 
: order to lower tlio melting-point of the nitro 
I compound, and effect incorporation at a lower 
I temperature. 

’ }Iydrazxne.H. Hydrazine chlorate and per- 
i chlorate have been ]>rcparod by Salvador! (Oazz. 

! chim. ital. 1907, ii. 32): they are highly explosive 
I and sensitive compounds, the perchlorate being 
j the more stable. 

I Ilydrazotc acid, or azoimido llNj, is one of 
i the moat explosive sul)stanccs known. It is a 
j volatile liquid, the vapour of which detonates on 
I contact with a flame. The aqueous solution of 
I the acid forms metallic salts ,* Uiose of the heavy 
! metals being extremely explosive. With am- 
I monia it fornin a white crystalline solid HNg’NHg,, 

' which is less explosive. It burns away rapidly 
but not explosively, unless confined, 

Azidee. The heavy metal salts of bydrazoic 
acid, such as loati and silver azide, are sensitive 
exfilosivcs. and have considerable detonative 
]>ower. The lead salt has greater power than 
mercury fulminate in initiating the explosion 
of many nitro explosives, ana has b^n in¬ 
creasingly u.scd in recent years in conrooidte 
detonators, cwiiecially in Germany. Nickel azide 
is also pariicularly sensitive to friction, and is 
violently explosive. The azides have been 
prepared, and their explosive properties studied 
oy Wohler. The insoluble azides are prepared 
by double decomposition from sodium azide, 
which is manufactured either by the sodamide 
or hydrazine process, and the soluble azides by 
the action of hydrazoic acid on the carbonatw 
or basic oxides of the metals in the presence of 
ether (Ber. 1917, 586). The soluble azides are 
readily hydrolysed in solution giving basic 
; precipitate. The sensitiveness of the azides 
to heat and percussion lias been determined by 
I Wohler and Martin (Zeitsch. angew. Chem. 
1917, 33). They found that the azides of metals 
of low atomic weight are more hygroscopic, and 
have generally Ibwer temperatures of lotion 
than those of high atomic weight, and that the 
azides of the alkaline metals exploded without 
true detonation. Some of the explosion tem¬ 
peratures found were; calcium azide, 158 ®; 
nickel *aztde, 200®; mercury azide, 281®; silver 
azide, 297®; lead azide, 327®. As usual, the 
results decoded on the conditions of experiment, 
and the ignition temperatures quoted were the 
temperatures at which 0*02 gram of tise salt 
detona^d after an interval or 5 seconds. The 
azides of lithium, sodium, and potassium oonld 
not be*qjq>loded by percussion, the tbrides of 
barium, stsontiom, and «;iam ooXy exploded 
with flame, but the azi4es of theTieavier metals 
gave true detonation ■wiHx suffioimit l^w. Za 
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thill lay<im tho HciwitivoucHM of the a/.i(lc« to 
porcuMtiou woti in tlio huuio direction at) the 
oenoitivoiieM) to friction, ti)o azides of the heavy 
metab boin^i; tlie more sensitive. Contrary to 
the rwiiltH olitaiiH'd with most exploHives, the 
aztd<»4 of If'ad and ineicur^’ wen* found to Iw mure 
oeiwitive in tinck than in tliin laycm, a result 
which aei'orib witii the property stated to lx* i 
shown hy tlieir large crystalH of spontanoouH ; 
detonation. ^ ; 

Lmd azKh PbN« is nianufacttired <*n the | 
large scale from the H<»diiim salt by double 
deccnnpoHition witli a h<jluble lead salt, such as I 
l<*ad nitraU' or lo-etato 'I'he Molutions of the | 
two Ball'S are kept stronyly ayitatt'd so that the 
lead aziih' is ]irc( i])itat('<I in tlie form of fin(‘ 
crystals. 'I’lie preiinitated oryHlals ar<! well 
washed with wul4*i till Iree ftom impuntii's, and 
dried m a current of dry air at about 

Lea»l azide is less sensitive' t«) fiictu>n or 
blow than mcirury fulnimate, the large crystals 
being inorri senHitiv** than (Im small, and it levs 
a considerably higher igmlioii point. It is not 
rendered less sensitiv<- by vieltiiig witli water 
Jt i« qiirto stahie. ev<'ej)t in ( tie prcwi'tu e of uciil 
fumes. 8t«*tthacher (Zeilsoh ges. Sehicss- u. 
Sjin'iigHtotlw. HMl, nil) gives tlie heat of de- 
eouiporiition of hsul a/ide as !h>-l calories jier 

f ram, and tlie tempeiature of explosion as 
It is practiuilly the only explosive in 
actual use that is net an iiistanee of u.xKlat'i«)n. 

I’he expliwive properties of tlie 7iilro<jni 
htiUtgcn ('oiiifyiiinils uo' well known, liut these 
compounds an* unsuitable fur ]>nKticnl exjilo- 
dives. 

Affli/lrnr toftiiunmih. Many of the coni 
pounds fornieil by the a<'tion of ucetylem* on 
metallic oxides and salts are violent explosives, 
and have Ikmui proposed as detonating exjilo- 
sivivi. The wlnt>o stilul obtained by jiafiHing 
acetylene into an acid solution of silver mtrab* 
hu« Ikhui elaiuied b\ tin* SiM iete Anon. Dynam. 
Nolwl (Kr. I'at. 1121285. 1P02) as a snbslituU' for 
mercury fulminate in chlorate detonating 
mixtures, and that obUkiived from an am- 
mouiaeal solution of metx'ury mtrat<' hivs Imh'H 
pro|K>sed by Venier (Fr. I’at tl(»4401, ItKHl) for 
a similar "purpose. The explosive propertU's 
of thoao two varieties of silver acetvhde have 


dynamite has been largely displaced by blasting 

f elatin, and a large vaj'iety oi other explosivee 
ave come into luse, more esjiecioUy the so- 
called ‘ «af<'ty c.xplosivtiti ’ used in ‘ fiery * coal¬ 
mines. Till* use of gunpowder in these mines is 
cverywhen* prohibited. 

The following table, taken from the 39th 
Annual Report of II.M. liiBpeotor of Explosives, 
gives the amount of diiTenmt explosives used in 
mines and quarnee in (Ireat Britain in 1913 


Kv plosive 

t^iantity 
uBeil, lbs. 

P.C. 

of total 

Permitted explosives 

11,051,231 

33 0 

Cunpuwder 

17,060,874 

501 

Cieligiiific 

3,900,173 

120 

(iclatiiie Dynamite 

474,922 

1-4 

Blasting (lelntme . 

297,907 

0-9 

Rohlm (Iiant Powdei 

247,871 

0’7 

riicddiU' 

187,220 

0*6 

Ndberpoliiiitc 

149,593 

0-5 

BlasLiiu; 

122.590 

0-4 

SiixoiiiLc . 

85,006 

0-3 

DynaniiU', Stonax, and 
.Matagnite (ielatmo 

23,947 

01 


Of the ‘permitted explosive.H,’ those most 
used, in order of quuntitv. w'oio: Bobbinite, 
Samsonite, Arkite, Ammonite, Bellite, Monobel 
I’owdei, Rijipite, Kolmrite, Stow-ite, Ammonal, 
Westfalite, Swalitc, Eavi-rshum Bowder, Car- 
boiiite. K.xcelhte, Rcxite, Cornish Rowder, 
Kentite, Abhcite, I’ermonite. Dyiiobel, St. 
lleh'iiH I’owiler. Fraet.uriti*, Negro Powder, 
Foitex. Stomoual, Dreadnought Powder, (‘am- 
brile. Ibitoiiite, Doiumite, Mmite, Superite, 
and as many other varieties used in sinallor 
4|Uautltie.s 

Owing to an evoi-inen*aHing number of coal- 
mme explosions, due to the ignition of tire damp 
or duHt by tlie firing of shots, the British 
(o>\('inment appointed a (kunmission, which 
iccommended that the <'\plosiv(i should be but- 
romulcd b\ a jiwket of water, but no attempt 
was made to <ie\i«<' a safety explosive. Subse- 
ijui'ut to tlie English Comniissiun, several of the 
(to\ernment« on the Continent also appointed 
Coninu->sums, Wt the fait/ors which render an 
explosive safe to use in contact with inflammable 
mixtures were not definitely settled, and even 


Ixwn uxaminwl tiy KwH d'liwu. |.||8, ' now th<-y an-not known with ci'rtwnty. It has 

. . .. _ .... .1 • ‘ f...r»w.<vuu>KlA aim lu/, o T\ a«-»lnBtvn 


199). He attributes the dillerence in tlieir 
expioeive propet ties to the priwence of oeelmled 
impuTiticK, silver nitrate and oxide in the ai'id 
and ammonia jvroducts rosjw'otively, and the 
* gas they yield on iletonation. He found the 


been found imposBiblo to devise an explosive 
that is alMohitely safe under all conditions, and 
at the presold time there is, in this country, no 
special definition of a ‘ safety explosive,’ except 
tliat it must pass the Horae Oflico tests and be 


aeid prwluet gave more gaseous product and : . . . 

oypl(wi,-o offort, »l»l. llml, tho ‘ nci.i ’ A.cordinx to tho I mioh Commission, m 1888, 

-II__t_vile...iVsUI, 


silver acetylidc hiw gn-ater disruptive power than 
silver fulminate, but leas than silver azule, and 
attributes the difTcrtmccs to differences in velocity 
of detonation. 


Safkty Kxi'isosivhus. 
to about 


the focUirs determining tho ignition of inflam¬ 
mable mixtures arc tho temperature of explosion 
of the explosive and tho duration of the flash. 
They found that a mixture of marsh gas and air 
ignited at 65(C, but t hat at this temperature the 
ignition was delayed t«i seconds, and a much 


IVior to about IK89, black gunpowder , higher l-raporature was permissil^ if of short 

Brad d-yiiamite w«»ro almost tho only cxplosivai ; duration. A safety explosive to rouil the 
used in mines and quarries; the former for ; conditions that the products of explMi^ 
mining soft coal or obtaining large bbicks of friH' from inflammable suwtan^, and thirt tM 
rook, tho latter for the liar^r matoriahi and ! calculated tempeiuture of exjdosion shomd be 
where a^ttoring effects were desired. At the below 1500®. Exp^ives having a high tern- 
nreaent time, although gunpowder used in perature of explom^. such as i^roglycmn 
this country to the extent ^ more than half ■ 3200®, guncotton 2500 , ^d oi^^on cotton 
the total w^ht of mining explosives, kiesi^iguhr . 2060®, should be mixed with a materW having 
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u low tompcraturo of explosion, suck as ammo- 
mum nitrate, 1130°, so that the mixture co2U(« 
within the prescribed limit. Three classf^ of I 
safety explosives were introduced, the ‘ Grisou* 
tines ’ containing nitroglycerin and ammonium 
nitrate, ‘ Blasting Powder P ’ containing colio- 
(lion cotton ana ammonium nitrate, and the 
‘ GrisouniWs ’ containing nitroliydrooarbons and 
ammonium nitrate. 

This U'tnpcr.iture limit cannot, however, Ix) 
rigidly applied ; for ‘ carbomte,’ the first safety 
explosive, invented in 1S85, and at the present 
time one of tlie safest, had a tcinjierature of 
explosion well above tliis limit. According to 
BieheJ. the iincMitor of carbonite, tlu' calculated 
temiKTatuie of th(< explosion is of no value in 
dotonuming sah'ly, but the maximum tempera¬ 
ture of the products of e«)inbustion, the leugfli 
and duration of the flann*, and llie velocity of 
detonation, ate. tlie «lotermnnng factors. The 
amount, of the e\plosj\<‘ used and tlie pliysual 
and eh'-iiiieal nature of tin- jirodi^cts of coin- 
biLstion, for ('xanijile. the propuition of mean- 
tiescenf' solid ))aititles, arc of great iniportanee 
(tlhn kaiif. JtHN. 35) 

The i'ni-.siaii Ci>iniinssion came to thy eon- 
idusum tliat. the quiekci (ht! explosion, tln' 
greatei t-iie safety ; eonsiHjUently, that kiestdguhr 
dynanut«‘ ami gumrotton wen* saf<“. and that 
fulnnmif.o tlelonattn?! could not iginit^ pit. ga^. 
Hut this \ lew IS no longer hold to be true m all 
case*', for * lioblunite,’ a slow black jiowder 
aiixtuie, is one of tlie safest and most t'Xtmisively 
used safety f\p!.).Mi\cs, whilst )*lasting gelatin is 
not safe. 

Tho Austrian <Committee defined a safety 
explosive a.s one that gives a short, but nof. 
bright, llaine, ami one that jiasses the usual 
gallery texts. \’<m leaner, in Austria, stated 
that boH'-hole shots tliat have done their work 
never ignite j)i( gas, and tliat the n.sk an.se.s 
from blown-out shots and fissured coal, but this 
contention has not lield g«)od in all eases. Gutt- 
inann con.sidoit'd that tne risk of a blown out 
shot IS fnsjuently due to the rapidity of the 
exphjsion Uung sufhcient to ignite the gas 
mixture, owing to the heat pro^uiaid by the 
corupre-Hsion and friction set up in the atmo¬ 
sphere by the explosion gases. 

T(.iltiKj (jallerUs .—The <|uestion os to wliether 
evplosivtia ans Buitable for use in fiery mines is 
now chiefly decided by subiuiltfrig them to a 
practical tost, which is intended to simulate, 
more or less, the conditions of use in these 
mines. Tlie exact nature of the teat varies in 
different conntnes, and the severity of the test 
has, from time to time, been increased a-s the 
factors determining safety have liecorao better 
understood, and the manufacture of safety 
explosives consequently Inicome more porfecUHl. 
Kxphwivos at one time ‘^rmitted’ are ocea- 
Hioiially removed from the list, as the conditions 
“f test are made more stringevt. 

The test coosiste in firing a number o^shots 
uiidor dehnite conditions into an explosive 
mixture contained! in a long gallery, the oxjilosive 
H^ing the tosi when no explosion occurs. 
•Moat countries have one or more officiid testing ^ 
Htations, and many manufacturers of expUwives 
have their own testing galleries. 

A testing galleiy, based on a private one ; 
at Hebbun^ Colliery boionging to some north- 


country private manufacturers, was esiablmhed 
at Woolwich in consequence of the Coal Mines 
Regulation Act, 1896, to test expl(»iveB pro- 
osed for use in coal-mines. This was amended 
y the (k)al Mines Order of August, 1905, and 
by a later Memo, in May, 1912, in which the 
ticsta for ‘ j^ioraiittod ’ oxplosivoH were revised, 
with the r||ult that the testing station was 
reiiiovod from Woolwich to Rotherham. Those 
that na'is this test are put on the list of * per- 
mitl^ which indicates, not that tney 

arc absolutely safe under all conditions of use, 
but that they are safer than thoso not on 
the li.st. It i.s, indceil, rocognisetl that all 
explo-sives. UM*d under certain conditions and in 
Mi(lici(<iit ([uantity, will ignite mixtures of pit gas 
or coal dust and air. 

In testinc, a given weight of the exphwivo is 
lived from a gun inlo a mixture of 85 p.e. air and 
15 p.o. coal giv<. The shot is * st^^mmod ’ with a 
ihitimie length iif dried potf-ory clay. These 
eondilionM at Woolwich art> not intondod to 
<;xactly imitate the actual conditions obtaining 
in a fiery mine, hut rather to give a severe test 
which can be uniformly rcjirodiicod at any time. 
It IS for t Ills rejvson tliat coal dust is not employed 
in the \\’oolwi(;h test. 

Th(' Woolwich U‘-stmg gallery is an iron tube 
2 feet i\ iuehe.s lu diameter and 28 feet in length, 
witli Hoveii sah^ty-valvT orili(H« at equal iutorvata 
along the top of^ the tulx*, to allow the oseaiKi of 
tin* ga*^ following an cxjilosion. The shot is fired 
from a gun at a definite angle with the roof. 
Such a weight of the explosive is fired as is 
eijujvaleiit in strength to 4 ozs.of dynamiUi No. 1. 
The 1‘liavge was <ietermine<l previous to UKM) by 
finding tlie weights neewsarv to give equal en¬ 
largements m the leati-block test, out since that 
time the rehitue strengths of the various 
<‘Xplosive8 iias liei'n measured by a ballistic 
ptmcluluni test, whicli has been found to give 
more accurate results. One of the guns i« 
chargcil with the explosive and fired from a fixed 
distance into the muzzle of a 5-ton mortar of 
13-inch calibre suspended in an iron framework 
from an ovorhoacl beam. The swiiq^ of the 
mortar gives a measure of the strength of the 
explosive. 

If the gas mixture does not fire in 20 shota, 
10 shots with 12 inches’ sttunming and 10 shots 
with 9 in(-hos’ Btemming, no explosive lieing^left 
iinconsuniod, the explosive is considered safe. 
The size of detonator and nature of the wrapping 
to bo used with the explosive are define, as 
those are found to materially affect the results. 
For in-stance, explosives containing sulphur futi 
much I(»K safe in k lead Alloy case than in a 
paper wrapper. 

Any explosive, if fireil in sufficiont quantity 
and UQstomineil into a mixture of coed gas ana 
air, would <‘auHe tlie ignition of the mixture, 
and as early a» 1903, Wattcyne, of the Be^ian 
U'Mting station at Framerii«, suggested that the 
highest eliargc which in a given number of 
shots faik«d to ignite the mixture used m the 
testing gallery, called the * cbaTgo-lfmite,* 
should betaken as a measure of s^^y of the 
explosive, and some idoa of the order ot safety 
of different Mplosives obtained. This idIU was 
generally a^pted exoeptin E^land, and this sad 
other differences in the omiditicms -eff testing led 
to the English and (Jontinental syitems ja^Mag 
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vwry diHeront n-HtjlU. and many explosive-? 
uaaatH] by the one w<n'e condemned ny the other. 
The proHcnt Hpleni id tinting in Engird con- 
forinM more* closely to (!ontinental practice. 

In 1012 the condilions of tfnting in England 
worn altiTi'd, and a more modem station was 
eri'cttid at i'otherhani, the old station at Wool- 
wjeh Is-ing (doHfil in I'ebruary,^ 1011. The 
Kotherham gallery is an iron tubci, fi feet in 
diamoUii’, and ^0 feet long. Tho bore ^f the. 
cannon is 4 fi-et long and 2 inchoH in diameter. 
The capacity of the gallery is HM cubic h-et, and 
the pmportion of <’oal gas used in tlie inixUire 
is lll-r» p.c. roal-du.st in also used, 40 07.h. being 
spread on a board in tlie fimt 10 feet in fiont of 
tne cannon, and a furtbiT HO n/n. placed in 
hoHjiH along the reinamiiig 40 feet of the galU'iy. 
The coal used is of a j.aiticular (piality, giving 
2’4 p.c inoif.twre. 2‘.Mi \(>latile matter, 4 p.i' 
Hxod carbon, and lb04 p,e. ash, and is giouml 
to [lasH a ITiO mesh sie\e Ko tainjimg is used 
m this t.<?st. (lie eliiirge being bred din'ctly into 
the e)ailosi\(‘ nnvtiirc of onal gas. coal-dust, and 
air. The lurgi'st charge wbieli fails to lire llu' 
mixture in one of ti^(^ shots is known as the 
' maxiinuin ’ ehnrg'e, and thi.s must not be less 
than 8 oas TIm- expbwive.s are made up into 
cartndgi's tif 1 g inch diameter, so that they 
iS’emiy oidv lialf the seetional of 1b<‘ bore. 

The ballihlic pendulum at Hotherimm weighs 
5 tons 1 ew't, and luiM a Ixire of El nu lies ; tlu‘ 
radius of swing is 7 bei s im bes, and tin- heal¬ 
ings ar<‘ made a.s fnctionless as poshible. .\ 
<-)iiirge of 4 o/s. of the explosivi' H loaded into a 
cannon, stemmed willi cia\. and hrisl dose nji 
int<i tin* mouth of tile pendulum, tie- hack swim: 
of which is reeonled in itu’lies. 

On till' ('ontment, similar U'stmg stations 
exist, the tirsl testing station being built In the 
PrusHinn (oivemtiu-nl at. Neunkiidien The 
galleriew ur<« long woodi-n <u non lubes, round 
or oval 111 section, hut usually considerably 
larger in .s«ation than the Woolwich gallery 
At first the explosives were sus}ieridcd m the 
gas mixture for tiring, hut the mixture under 
tlieee eondition.s always bred, and the mi’thod 
of tiring into the mixture from a small cannon, 
was ailopti'd. Tho galleru's vary in M nsitivcne.ss 
according to their diameter, matenal, and 
situation ; ami the results ohtanuKl at one gallery 
an* not directly comparable with those obtained 
at othera. A particular gallery will also give 
im^uhkr results* on eertaiii days, for reasons that 
have not- Inion explainwi, hut atnK«pheric 
pmisuro is probably a cimsiderable factor, and 
rcBults obtained <»n these ^dava have to be 
neglected. The explosive *mixtun' geneialiy 
u»^ is prepiiTcd with natural pit. gnu, hut 
ocoaaionuiht' artificially preparcil methane, coal 
gaa, or oven heiimie vapour is used, and usually 
ooai-duBt is suspended in the exploaion^mixtun* 
Oo^-duflt is said not to increase tho shnsitivencKs 
of the niixturos. but causea the ignition to bo 
more violent and thorofore more visible. Iloyling 
showed experimentally (Gluokauf, 1908, 1717) 
that all cxploaivefi ignite either coal-dust or a 
gas luixtim* more readily than a ooc^bination 
ol the ^wo. and in Germany sidety explosives are 
not now tested, as formerly, in a gas mixture 
containing i^oai-dust, bot in Are-damp (8 to 9 
p.e.) and c^-dust nrixtaies separatMy. The 
ommSns used vary in bore, and it nan been found 


that tho narrower the boro of the cannon, the 
easier the ignition. At the United States 
testing station at Pittsburgh, the gallery is a 
steel cylinder, 100 feet long, and Oj feet dian^ter. 
The gallery is filled with eitJier coal gas and air, 
coal-duHt and air, or coal gius, coal-dust and air. 
The llclgiaii gallery at Erameriee is a wooden 
cylinder, 110 metros long, and 2 square metres in 
sectional area. The bore of the cannon W 
4ti e.m. long and reh cm. diameter. A mixture 
of coal ga,-., coal-dust, and air is used. 

The geiieial method ni use is to find the 
charge.-hniili\ or niaxunum charge of the explo¬ 
sive which, in a si-no. of 10 shots, just fails 
to lire the e.\j»losi\<- mixtuii', the charge ^ing 
uiistiMnmed. The < onditions for use of 
mittcil ’ (‘xplosives ;ne froquiuitly defined. They 
niiiKt he used with a eerfam No. detonator, 
an expi(>sive ceases (.o be ‘ permitted ’ if it is 
fro'/i'ii, ami the naluie ol the wrajiping oaid 
stemming, comhustilih- or otherwise, may be 
laid down 

fur the greater numlier of 
safety explosives au- either nitroglj cerin mix- 
ture.s or aninioniuni nitrate mixtures. Sonie- 
liinc.s the nuxtuies contain both ammonium 
inlrute and nitrocUcenn, so lus to combine the 
ad\{nituge.s of the two ty]K‘.s. Some black 
[lowder and cldorute and jierchiorate ‘mixtures 
aix* also used. 'I’he ])roportion of oxygen is 
fre()Uont.lv kejit- low so as to reduce the tem¬ 
perature of combn^tion by burning the carbon 
to monoxuU' onlv, Iml tlie objection to this is the 
poisonous and eomhustiblo nature of this product. 

The nit.roglyeeim explosives, containing a 
little lutrocotton to gelatinise them, have a high 
eliaiging liensit^, are readily detonated, and are 
wateiproof. Tlie latter quality enables them 
to Ik* used in damp or wet bore holes. They 
an* jilastie and can be w'oll rammed into the bore 
lio!e.s, thus ivssunng a maximum effect. They 
are specially useful in blasting the harder 
inaWrials. 'I'he safety of these explosives varies 
inversely witli tho jirojiortion of nitroglycerin, 
and the maxumim jiermissiblc is about 30 p.c. 
The mtruglvoorin explosives are not so safe 
aganiht ])ercu%i<)n. such as an accidental blow, 
nr too hard ramming, as the ammonium nitrate 
explosives ; anil when so ignited not only does the- 
w'holo cartridge explode, but the explosion may 
1)0 communicated to tho adjacent cartridges. 
Another drawBack is their liability to ir^xe. 

The ammonium nitrate explosives, which 
gn’c a large volume of gas at a comparatively 
low temjierature, are very safe, because of the 
large amount of water contained in tlie products 
of exidosion, hut thev are difficult to detonate 
compieU'ly, and usually their hygroscopic nature 
uectwsitatw tho use of a waterproof wrapper. 
They are so difficult to ignite and so insensitive 
to jiercussion, that their tTaniport is quite safe, 
hut their charging density is low and their effect 
less than that of.the nitroglycerin explosives. 
Wlien' ammoiiium nitrate explosives, do fire by 
^teroussion, only that portion actually atruck is 
igniteil. They necessitate the use of large boro 
holee, and arc consequently best adapted fw 
blasting soft materials. Ammonium nitrate 
itaelf is quite safe in any quantity, and the 
safety of mixtures prepared with it impends on 
the nature and proportion of the combustible 
nu^rial. 
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KXPLOBIVKS. 

Am TnfYninm zutratc exploftiv«a oontftimng »‘ nive mixtures con|^ing Uiem, suub m " esr* 
■mall peroeutAge of nitroceUulose, have Men ; bonite * add ‘ gelignite.* 

tbonght» evpec^y in Austria, to be amongst ‘ The good effect of wood meal led to ^e 
the edfest, Wt they are not permitted in this . manufacture of those safety black powden, like 
oountry. The reason for this is that they are Argm powder and earthquake wwder, con* 
liable to slowly decompose and become acid, taining a high percentage of volatue matter (mc 
and the liberated acid and ammonia attack and (Jurtis and others, Kng. Fat. 17878, 1898, and 
decompose the nitrocellulose. r>523, )89dk Some of the good effect of tibese 

Both Bautriche and Taffanel have ostab* slack-buntt charcoals has also been attributed 
lished that, by the addition of potassium to tjwir rwlucod content of solid matter. Curtis 
nitrate to safety explosives, the factor of safety and others (Eng. Pat. G76t), 1898) clmmed the 
in pit gas mixtures is considerably increased, use of a layer oi sodium bicarbonate in front of 
whether the tempemturo of explosion bo high an ordinary gunpowder charge, the sadety action 
or low. The heat of combustion IB considerably depending on the liberation of carbon dioxide, 
lowor^, whilst the explosive force is not appro- The Westfh.liscb Anhalt. Sprengstoff. Aotien- 
ciablydimuu8hod(Taflanol,Zeitech. Gee. Schiess- Gosclls. (Eng. Fat. 3334, 1902) compound an 
u. SprengstofTw. 1910, 305, &c.). exohwivo nuxtim* so as to produce a large 

Safeiy ingredu'tila .—Tn safety explosives, the volume of ammonia on detonation; lieschke 
ingi^cnts are so proportioned that tlio carbon is (Eng. I’at. 2r»78(>, liKlfi) suggeste copper oxaiate ; 
mainly converted into carbon monoxide. This von Dahman (Eng. l^at. 7502, 1S98) suggeste 
reduces the t^nnperature of the explosion without llio use of iuM'tic, citric, or tartario acid and 
sensibly diminishing tlio explosive force, owing their salts with such explosives as roburite; 
to the ineniasod volume of gases produced. Gallenberg (J'Y. l^at. 322940, liK)2) proposes to 
The principle of safety explosives is, further, so a«l<l turpentine chloride ; Macnab proposed to 
to arrange thc5 nature and proportion of the insert a gla-s lube containing aqueous ammonia 
ingredients tliat a sufliciout volume of non- into the gunpowder cartridge, 
inflammable gaa, such as water vapour, carbon 

dioxide, nitrogen, ammonia, &c., is produced rKSTiNo ExPUiarVRH. 

to dilute thcj carbon monoxide and prevent its The (‘xplosivo characteristics of a powder 
contact with the air until its temperature has dejieiul jirimarily on its chomteal nature. The 
fallen below the ignition-point. analysis of cxpU*sives is comccjucntly of great 

As already mentioned, the first suggested importance. A.s far as space would tiormit, on 
reniedv for the prevention of tlic ignition of iirti- outline of the analysis hafl already been given 
damp was to surround the cartridge with a under the individual explosive, 
water-jacket. Subsequently it was found that The purity of the ingrudionte, aiz© of the 
tamping the explosive with W'C‘t moss, sawihist grain, intimacy of the admixture and density, 
saturated with a solution of alum or ammonium also largely influence the character of the 
chloride, sand, or clay added considcrahly to explosive. A microscopic examination of a 
the safety; tamping even with only I inch of mechanical riiixturo, as with the cap composi- 
dry sand was shown by Guttmann to double tion, is of value. 

the Bofety. An eye inspection of explosivee that have 

The u»e of wet tamping materials led to the b<H*n in store should bo niaao for any sign vf 
use of salts containing large quantities of water efllorcacenco and deliqu«icence or exudation, lx 
of crystallisation, such as sodium carbonate and a nitroglycerin explosive ; and for signs of 
magnesium sulphate, or salts which liberate cracking or breaking down, in nitroo^ulc^ 
much water at the temperature of explosion, pijwdors; or local patches of discoloration in 
such as ammonium oxalate. * nitro powders generally. The dovolopm^t of 

A large }>ercentage of sodium carbonate is 
used in ° wetter dynamite ’ and ‘ Grisoutine,’ 
and ammonium oxalate in ‘ securite.’ Mag¬ 
nesium sulphate has not b^n much used 
because of its effect on the miners. 

Another class of additions is salts which 


acidity, as shown by the reddening of blue 
litmus paper, often indicates decomposition. 

StSblllty Tests (or Kitro Exploalvet. 

One of the most desirable properties in 
explosives, whether for use tw propdlanto ot 


Aiiubner ciass oi aaaiuons is saiw* wiut-ii oApiumwo, — -- 

dissociate and absorb heat at the temperature disruptives, is that they sht^ be chenmcally 
of explosion. Examples of this class are stable under all the conditions of ^mate, 
the potassium dichromate in ‘ dahmonite ’ storage, and transport that they have to 
potassium permanganate in ‘ roburite,’ and withstand. All nitro explosives un^irgo de¬ 
ammonium chloride in ' antigrison.’ Tlio use composition at temperatures below, in son ^e 
of ammonium ohloride led to the production of cases considerably below, their explodjng-porato, 
hydrochloric acid in the mine gasee, and it was even when jiurc, and many of them are ^ 
consequently mixed with an equivalent quantity contain traces of acids and impurities are 
of so<num or potassium nitrate; or better, the , much less stable. The decomposition ® 
alkali chlorides are themseK^cR used (Bigliel, Fr. impurities loads to the production m hi^CT 
Pat. 327868, 1902). I oxides of nitrogen which act catalytically on ttw 

Modem German safety explosives contain ’ explosive itself, and may load to the spontaneous 
laige pre^portions of potassium or sodium ignition of the latter. 

ohloride, and these exj^osives are very safe, } Theaextensive use or guncotton, dynwiiai, 
especially in coal-dust mixtures, but are not so smokeless powders, and other nitro tf]M 0 uvw 
powerful as the older explosives. • necesBitates the use of tests that will not only 

The OSS of materials which absorb heat on j determino the stability of the mgftdimtm UimU' 
decomposition, such as wood pulp and rye flour, j selves, but also detect 4he preseiwe of ^y tm- 
has been 4kmnd to great safety on explo* \ staUe impuritiea. The test should also oe 
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simple and reliable, and only t4ike a short time ; 
to carry out. Mo Kin^rlo teet hoH l>t1m (levised ! 
that is UDivcnially apphcublo and will satisfy all 
these requireweniK, und it is usual to omjdoy 
two, Ihroo, or more of the numerous tests that 
have been worked out ami to form a definite 
cfmclusion r»ii the (!ojnl)ined ix^aults. 

Vioillo coiu'ludtid from his n«ults witli the 
Fnmeh ‘ I'oudre lb’ that the hfo of a ]>ro{>c*llant 
outd<l U' caleiilaU'd from th<; rule that a Ii^; of 
1 hour at HX)' — 1 day ai T-V = I month at 
40”--1 year at 17'r>”. This rule is exj>ressed by 
the formula Lij.l lO'*'—^, wliere is the life 
at the storane temperature l'\ and 1/r tiu' life 
at the tcunjierature '1'' of tin* slability f^ nt. The 
rule i8 approximately li ue wifh I he i(\scr\a* ion 
that the ewtlieient 110 \’arn‘s sliL'Iitly with the 
nature of the propidlant. itei I'tmipoMlion, and 
method of nmnufaeture. 

Unli*8H otherwise mentioned, the tests apply 
only t«* nitroet‘llulo.sr m nili<K < Uulo'-c powdet.^. 

J>rfagrtilion ((^t. One (>{ the earliest 
was that dmised hy He«H. Tin- explosive was 
heated at a fixed hi;j:h t.*-nifieniture. and Die time 
of evolution of colonreil fumes and also (jf llrnu: 
was noted. In a modified tist. the explosive 
was heated umh'r ]iix*s.sure at 75'' till explosion 
took place. This test, wlin li is. at best, only a 
very rough iiuin ation of sl.abihty, i.s not much 
used at the pn^eiit tune, hut is the basrs of 
several other t^'sts. 

Fnmc. ti'sl. —'Phe teat. deviMcil by Tliomas. 
consists in heating a <ietimf<' weight of (he 
oxplosivi’ at a definitt* elrvaled temperatuie 
until brown fume's apjH'at, the stivhiiity ol 
the explosive Is'ing juik'cd hy the tiim* taken 
The method of earryiug out the tent witii gun¬ 
cotton is OH follows ; 2'r» gnuiiH am weighed out 
into a well-eleaned glass tube, .‘12 cm. X Idem., 
and prosMt'd <lown to a luiglit of 4 eni. The 
tube is closed by a well-littiiig glass .stojiper ami 
pfa^JOil to a depth of 10 em. in an oil-liath, 
heaUw) to 135''. At tlu5 end of lu minute.s. anv 
moiaturo coiuh'UHcd on the ujinor part of thr 
tube is wij)ed out. A atandan' tmt for lixing 
the end of tost is ina<le by tilling a tube with a 
aolutioD containing S ingius. of p4>Uwssium di- 
chromate and 0 4 gram of eobah sulphuW |«'r 
litre. The tost is an ofVu'ial om* in France and 
Holland, and is freipientiy used in eoiffliinat.ioii 
with other Uvits ; the tmnporaluro of the te.st 
being varied. 

An objection it is the lengtli of time it 
takes for completion ; for example, as used in 
Holland, guncotton heated for 10 hours a day 
at 85® nMjuiroH 21 days before red fumes aiv 
dovdopod. 

Alfl hfal iogl is Iho English oflicia! heat texst, 
applied to nitro explosives generally, and is ' 
defin^ by the Explosives Act. 1875. The 
principle w the teat is to note the trnn* lAjuiiX'd 
to priwiuce a standanl discoloration of a test 
|:mt^ium iwlide-Htarcli paiK'r. when (he explo¬ 
sive ia heated under spi'eined conditions. The 
explosive is weighed out int<o tee>t luL>es. about' 
5| to 54 inches lon^, and holding 20 to 22 c.c, 
when fined to a height of 5 mollis, wmch are 
closed bw an indianiuber sU^pjw'r, fitted with a 
aIm rod lerminatUig in a platinum^xftre hook. 
On the hook hi suspeni^ a test paper, about 
10 x20 jnm., the upj^r half of which is moistened 


with a mixture of equal parte of glycerol and 
water. The test papers, on the correct prepara¬ 
tion and BeiiHitiveness of which the test depends, 
are now made by the Home Oflice and by the 
War OHice, and supplied to manufacturers of 
oxph»siv(*s. Tlie test-tubc“S are placed to a 
di'pth of 3 inches l>elow the covit, in a water- 
batli, the temjM*raUire of whi<‘h is carefully 
regulated, at usually HiO® or 18U"F, The water- 
bath IS a splierieal copper vessel, about 8 inches 
in diameter, fitted witli a cover having a number, 
usually six. of l ireular holes, fitted on the under 
side with clijis to take tlie tubes. The bath is 
(i(.te<l w'i(,li a tlierniiimeti'r, tlie bulb dipping 
2',‘ iiK-lies into the bath, and usually some form of 
feiitjierature regulator The te.st is complete 
when flic f.unl brown line wliieli ajijiears at the 
junc'fion of flu* wel and dry parts of the test 
p.i]H T. w'hii b IS adjusted to be § in<‘b above the 
covi'f, js «^(|ual in tint to the brown line on a 
standard-tint j>aper. Tins standard tint is a 
line drawn on ]>apeT of Himilar make to uiipre- 
}iare<i b-sf papers, with a solution of <‘aramel in 
water ot delmed slTi iiglh. 

'fill' ICnglisii (Jiivcinment speeilieations re- 
(pure that nitroglyi erin disjilaeed by water from 
(iyminufe, shall stand f(»r 15 minutes at H>0®F. 

); blasting gelatin and gelatin dynamite 
lb mmules at KtO' F ; conbte and ballistitc, 15 
mmii1.<‘s at !H(i F. (M2guncotton and ionite, 
10 minute's at 170'F. (TO li'; an<l gelatinised 
gum'otton ])i-o]*arations for 1.5 mimitea at 180®F. 
Smokeless ]«f)wders are ground m a mill and 
Hift,efl, and the portion ret,aim'd between two 
sij'ves having ludes <‘qual to 14 and 21 Tl.WkU. 
n'sjieetively i'< used for tlie test. 

In (he Fnitii'd States, the first appearance of 
a brown line is taken as the end of the test, and, 
the speeituHl times are nitroglycerin, 15 minutea 
ut 100 F. ; blasting gelatin dynamite, 10 
miuuU's at. JOO^'F. ; nitroeellulo.se for the Army 
40 minutes, for the Navy 30 minutes, at 160®!^. 
(i5.5 rFtl.); guncotton from compressed blocks, 
10 nmuites at 150’F. ; nitroceUulosc powders, 

I 10 minutcfi at 100'''F, and nitroglycerin-nitro- 
! cellulose powders. 2P minutes at I50°F. 

^ In tji'rmanv^ zinc kkIuJc is used instead of 
I potassium iodide in the preparation of the test 
: papers, which aixi more sensitive than those 
i prc]>are<l with potassium iodide. 

This test la, perhaps the mc»t generally 
I applicable and most frequently used. Objec- 
} tions that have IxH'n raised to it are that it is 
; })un*ly empiiical, and depends largely on the 
conditions of its application, and further that it 
is really a test for traces of unstable impurities, 
and not of the absolute stability of the explosive 
iUeU. 

(iuttmann. in 1887, pointed out that the Abel 
test could be masked and falsified. W^ith an 
explosive containing residual solvent, such as 
a<'etone, the tost denonds on decompoeitioc of 
the nitWi eomfiounai. combined with Hio te- 
tardiug influence of the solvent. In a simUar 
way, the small quantities of stabilisetrs i^ded to 
nitro explosives influence the time of test. 

This is of little importance so lon^ as these 
masking agents are recognised constitiien.te of 
the explosive and present in ncwmal amount^ 
or are extracted before the test is taken, m the 
liinite of the test are fixed (Accordingly. 
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Mercuric chloride, which has a very strong ; 
masking influence on the beat test (aa little as i 
one part in 50,000 appreciably lengthens the I 
heat test of cordite) is, in some countries, a 
recognised constituent of certain guncotton ! 
explosives, Mith the idc'o of sterilising them, but 
its use is not permitted in this country. 

Modifii-ations of the AU^l tost iiiive been 
BUggeatod, principally with a view of obviating 
the influenc'c of masking i^fcnts. (Juttinann 
(J. Soc. I’hcm. Inii. 1H97, 287), for example, pro¬ 
posed a te.st paper tr«!ate<l with diphenyiainino 
disHoh'<‘{l m svilplmrio acid, wincli givtw an 
intense blue cohmr with tra<-es of nitrous iwdd j 
and HoitHcnia (Zeitsch. angew. (’hem. IH99, 705) 
prop«»si‘4l tin- Ham<‘ reag<-ut us4*d m a difiercnt 
manner Tins imiteator works well witli gun¬ 
cotton cxpl<Hiv«“s, but ivilh nilroglycc'nn ex}»l<i- 
sives tlu‘ rcHulUs arc erratic, and tlicy <'an also be 
readily masKi-d. 

Metajilnmylencdianune was suggcst4‘d as the 
best reagent by Njnea, in but tins again 

does not seem to woik well with uitTocellulose- 
nitrogiyccrin explosives, and iieitiier of tlm jno- 
posed modifications lui-s been adojjted. 

Irst. Tins test was deviK<'d at 
tin* Ho\al <liinp<»wdfT Factory, W'ultliam Al*I«‘y, 
to giv«' an idea of the anioiinl of iletorioration 
that a samph- of cordit-o had siilTi'ie*!. ami fiom 
this to ju<lgo the furtlier length of time it wouki 
be sab' to store the cordili* at any given lein- 
j)eiatnre. 

A sil\cr(*d Mwmim-jucketed fhusk is tilled 
witli the ground sainjile of <ordito and oxpos(‘d 
in a hath lieatcd to a constant temperat ure of 
SO". R<‘adnigs of a thermometer, the bulb of 
whu h IS in tlie centre of the cordite, are taken 
at mt«Tvals until the U?niperaturo ri.se« 2"^ alioie 
that of the bath. The time taken for tliis rise 
of temperature of 2"^ is a meaHuro of the stability 
of tlie cxndite. The lliv>k is fitUsl with a sjde 
tube in the neck, and the apjiearance of brown 
fumes m this tube indicaO-s the* active de¬ 
composition of the conlite, and serves as a 
w’annng that tlie U*Rt is near completion. 

l’'rom the time of the test in hours, using a 
factor that htwj been ostablished connecting rate 
of mercaso of deterioration of cc'dite with rise 
in fcemjierature, the length of serviceable life of 
the cordite at any particular temperature ean 
bo calculated. 

A newly made Mark I. cordite has a S.-V. 
tost of from 5(Kt to (UK) hours. • 

Orrmnn test. —In this tc«t, which is largely 
used on the Continent and is one of the American 
Service tests, 2-5 grams of the air-dry explosive 
are hcatod in a glass tube Ioc«ely eIose<l with a 
perforated cork at a fixed temjicrature, until a 
folded piece of litmus paper, nxed at 0*5 inch 
above the explosive, is completely reddened. 
The temperature of the tost is 135*’. The time 
limits are fixed by teste with standard samples 
of the particular expletive. Besides the time 
of complete reddening of tbe litmus, the time 
of the appearance of brown fumes aiM the 
time before the sample explodes, are also 
noted. 

The American limits for thu tost are: for 
nitrocoUuloee and nitroglycerin powdem, com¬ 
plete reddening over 30 minutes, brown furaea 
(Ivor 45 minut^, explosion over 5 hours: and 
for ccfllmded nitrocellulose, complete reddening 


over 76 minutes, brown fumes over 2 hours, and 
explosion over 6 houm. 

VietUc kM. —^This test is the French Service 
test. 10 grams of the explosive are weighed out, 
and a piece of standard Iduo litmus paper is abo 
introduced inbi a glass tube which is cluSed as 
tightly as pos.'- iblo liy moans of a clumped well* 
fitting stop|K‘r. The tube is boated in a bath 
maintained at IKV’. W'hon the litmus paper U 
complcMy nHUlenod. the time is noted and the 
, tubt^cooled. The sample with a fresh piece of 
litmus ])ap<>r is introduced into a second tube 
i and liie heating continued. This process is 
, repealed until a period of lesa than an hour b 
■ taken to eonijiletely redden tlie litmus paper. 
The sum of the numlior of hours of the pre- 
\ louH heatings is then taki-n as the time of 
the test. 

N’leille found that, as ilio temperature of the 
test wtw raised, tlio time is reduced in orith- 
motu'al jirogixvHsion, and ooncliidcd that 110*^ is 
the best teinjieraiure for giving rebablc roaulta 
within a reasonable time. 

" Foudro B’ has a Vioillc test of approxi¬ 
mately .10 hours. 

i There is a gradual loss of nitrogen from tho 
^ powd«T dining the test winch Vicille found to bo 
I ajiproxiuiately 0-(K)U p.c. nitrogen per hour, 

I during a test of 100 hours (Mem. des Ihiudres et 
; Salpetros, 1000, 71). The decrease in tho 
i nitrogen content, and the time taken to first 
j re<ldcn tho t<‘st paper, are both considered in 
' conjunction with the total time of the tost in 
j sentencing a powder. 

j Will it'si .— This tost givi's a quantitative idea 

of tho stability of a mtroc^cUukwo, and is very 
, largely used in conjutudioii with such teete as 
the Alxd test. The test, which is fully described 
liy Will in the Mitt, aus dcr (jontralstelle f. 
\VisHenseli. T«'ch. Untersuchungen, 1900, [2] 6, 
and 1002, plj 34, is based on the measurement of 
the nitrogen evolved from guncotton when 
heated at a temperature of 135". 2^ grams of 

the liry nitroc'cllulose, or 3^ grains of mobt 
nitroee'lluhise as it leaves tho centrifugal 
machines, are wx-ighed out into a gloss decom¬ 
position tube and compressed to a given volume. 
This tube is connected at one end with a pre¬ 
heating glass coil, and is fitted at tho other end 
with a well ground-in exit tube. The tube b 
placed in an oil-bath fitted with a stirrer, the 
tcmperatift'o of wliich is carefully regulated to 
1.35 . To remove the products of decomposition 
as fast as they arc formed, a uniform current 
of purified, air-free, carbon dioxide is passed 
over tho heated nitrocellulose at a rat© of abont 
2.5 c.e. per minute. Tho gasce after passing 
over heated coppei^ gauze, contained in a heated 
; copper U-tulie, to reduce the oxides of nitrogen, 
' arc collected over caustic potash in a gas 
' burette, with a special /.igxag arrangement to 
give thorough absorption of the carbon dioxide. 
'"The column of the nitrogen collected is road 
off first after 30 minutes, then after ©vciy 
15 minutes for a period of about 4 faouiv, the 
caustic soda being frequently renewed Explo¬ 
sions may occur, and the oil-bath is surrounded 
by a strong screen. The results are plotted on 
a* curve. The gae from a stable nitroo^ulose 
; should be evolved at a uniform rate, and. if thb 
is so. Will censiders that the sam^ it Eumnol, 
or bos attained a * limitostate' of purificolicm. 
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With unstable eamplce, the gae evolution i« 
much greater at first tlian later in the lest. 

To interim^ the results given by.any nitro¬ 
cellulose explf)sive, a set of standard curve® must 
be obtaineil from w(‘ll-purified Hamples for 
purposoH of eoinpariHon. English Serviee gun 
eott-oiw nviM'jige uii evolution of 7‘i> nigiiw. 
db I mgm. of nitrogen per-1 hours (Iloliortson). 

/iViM tf/il. This iK a modification of the Will 
t<-Ht. in whii'h the (hMomposition is eUecUMl at 
135'’ fa inK'it/i. - 

'riiis nualilicalion is llu* one unually applied 
1.(1 high explo‘iiv(‘M of th(' nitro class, llie tem¬ 
perature of the liatli and liim* of lieating varying 
with the explosive. M'he de(’oinp<»Hitu>n tube la 
e.onni'oted by nie.ans »>( a well-liMing stopjs'r, 
having a niereurv lute with a long iiuTcury 
manoiiu'ter tube m wlueh Ihe gas volumeK are 
ri'Ril off at inttuvnls f<>! s<ime <la\s, and th(‘ 
rosuH-e, correet^Kl to N.I'T, ph)ft<-il and inter- 
pW'tiMj by rt'fen'iice t" eur\es obtained from 
standard samples 

Oh^nniilld TliiH lost is Hitmlar to the 

last, oxi'i'pt that tlu' gas volumes are not eah-u* 
lated. but thi' prt'ssureN excited by tin* ev(»lved 
gas, the volume of whieli is k<'pt <ainstant, are 
reeorded. 'Phe rate at whicli th(» pn^suro 
inoreata^ is taken as a meaaun* of the decom- 
jKwition, and so of the instability of the 
explosive. For introcelluloHe, the temperature 
of the to«t is 14n'\ Mittaseh (/eitsch angew. 
('hem. IIMW. 0210 describes a similar test in 
which the gas (“volution is automatically re¬ 
corded. 

Jifrgmnnn ari<l tfnrtk ■ This test gives 
very ndiable results, and has beim largely usial, 
eapeci^ly in (lermany. 2 grams of the dry 
nitrocellulose an" weighed out into a tubt' 
35 cm. long and 2 cm. wide, and im'ssed down. 
The doooni|K>sjtion tube is conm'cU'd with a 
ground-glass st.O)){sir connected with an alisorp- 
tion bulb contniniug wator. The explosive is 
heated for 2 hours in a bath, kept at a constant 
temperature of 132’ bv Ixuling amyl alcoliol. 
The deeompo8iti(»n tube is then allowed to cool, 
and the water to flow hack on the (“xplosive. 
The contend of the tube and apparatus are 
washed and fdU'iH'd. the filtrate oxiilised with , 
permanganate, and the nitrogen estimated as 
nitric oxide by the Schul/.e Tiemann method. 
The liinite of gas evolution tixinl are 2’5 c.c. of 
NO i>or gram guncotton, or 2 c.c. per gram 
collodion cotton. This test is considerably 
induenoed by the amount of moisture present In 
the iiample. 

Sp This is a U.S. Serviee test (.1. Amcr. 
Chem. Soo. 1905, 549), 1 U» 4 grams of the 
explcMiive are weighed out on a covered watch 
glam and heated in an air-bath, maintained at 
a constant temperature of 115® by a t^ihn^ 
mixture of xylene and toluene. Afl/or 8 hours 
heating, the watch glass is cooled and weighed, 
and the process repeated daily for soihe six days 
or more. The dally loss in weight, rngms. per 
l-grain sample, is plotted out, and compariaon 
made with standard curves. The advantages 
claimed for this test arc that whole pieces of 
tlie jHiwder are tested, and that ali volatile 
produq^ of decomposition arc determined. 

Jacqtii is a modification of ^he above, 
made in or^r to reduce the tims of the test 
(Zeltsch. G(w. Schiess- 9. Sprengstoffweeen, 190(1, 


395). The sample is heated at and 

weighed after successive 2 hours’ beating. 

Intensity of Action of Explosives. 

The ink-nsity of action of an explosive d^ 
ponds on the volume of gases produced, on thmr 
temperature, and on the velocity of explcwion 
or detonation of the Kiibstunce. ^ 

Cl(m<(l-vvj<fi<i(X}i('}ivifnf,s .—The ‘strength of 
an exfdosivo may bo calculated by Berthelot’s 
‘ ehavacU^nstie product,’ QVj, wlioru Q is the 
heat of explosion of unit weight, and Vj the 
calculated volume of th<‘ gaseous products of 
explosion at and 7(>0 mm. pressure. The 
rwults so obtained are generally in the same 
diit'etion an the rcsulls ('xpcrimentally obtained 
for ’strength’ by the lead blo(;k test. The 
v'oluiiie of permanent gas(‘S and the (quantity of 
heat evolvo<l liavc been delcrrnincd for many of 
the more inijiortanl ex]»loaives ; hut the gases col- 
lei-te.l lUid ('xaniined aie those remaining after 
cooling down to atmosirfuTie temperatures, not 
those existing at the }ieriod of maximum tem¬ 
perature. Tlio unecrtauity as to the nature and 
the spc'cilic heat of the jinsiucts of explosion at 
the iiigli Uunperatures produced, renders the 
calculation of (piaiitity of lieat into teraporaturi' 
ha/ardouH. 'J’lie experinu'iits an' carried out 
with different ch'iiHitics of cliarge in some form 
of steel bomb, similar to Bcrthelot’s calorimetric 
bomb, as used in the exjierxments of Abel, 
Nolile. Deenng. Macnab, and others already 
iiK'ntioiK'd, details of whieli arc given in the 
papiTs referred to. 

The j(rc.s.sures develop(‘d in the liomb are 
usually meiksured by a (ruslur gavge. This 
consists of a small stad evlmder, closed at one 
end, into which a collar screws gaa-tight. A 
piston working through the collar fits against a 
small cylinder of cop)x;r rating on the bottom 
of the t vliniler chamber. On linig the explo¬ 
sive, the ga.M pre^8ure acting on tiie end of the 
pishui eornpn“sso8 and Hhort.cns the copper 
cylinder. The pre-ssurc in tons per square inch 
ci)iT('spondmg to the reduction in length of the 
cylimh^r, accurately measured on a micrometer 
scale, is obtjvined from tables compiled from the 
compressions •produced by various statical 
pressures. Other methods of measuring the 
pressure art' used. 1 Peering checked the reeuits 
obtaint^d witli the crusher gauge by closing an 
! orifice of the bomb with a st^l ball held in 
position by liehvy Iciid cylinders. Tlie weight 
’ was gradually reduced until tlie pressure was 
j sufficient to lift the load. Several pressure 
^ gauges have boon invented for directly measuring 
I the pressure. For example, Bichel {Eng. Pot. 

I 18273, 1898) has designed a gauge, fitt^ into 
■ t.he explosion vessel, which recoros the pressure 
; developed by means of a pencil worki^ on a 
i drum, rotating by clockwork. Some knowledge 
! of the rapidity the explosive is ako obtained 
I by the stoopn^ of the curve recorded, and the 
; pressure of the coaled gases is indicated when 
i the ciire becomes horizontal. From t^e latter 
and the volume of the chamber, the volume of 
permanent gases can be calculated. Fetavel 
(Proc, ^y. Soc, 1905, 492) describee a method 
of measui^ the pressure developed by explo¬ 
sives by means of a specially constructed mano¬ 
meter which records photographically on a 
revolving cylinder. 
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The ftUampta of. Mftonftb Mid Riston ^ { 
experimenteUy moMore tho temmukture of j 
exj^ion ^ve been already referred to. Biohel | 
has attempted to obtain an idea of the torn* i 
peratuie of explosion by taking speotmm , 
photographs of toe dames produced on detona- | 
tiOD. 

Information of value, concerning the intensity 
of action of explosives, may be obtained by 
detonating a cliarge (a pound or ho in weight) 
buried in earth, and oliorving the size of the 
crater; or by noting tlio reaction effoctK (tlic 
dimensions ol the crater) jiroduced on undis¬ 
turbed earf-li, or the bulge or hole produced in 
wrought-iron plates, by the detonation on them 
of the explosive; cumparison being nuidc witli 
an equal weight of guncotton or other known 
explosive, the charges having the Hame area and 
shape (most conveniently cylindrical). 

Lead cylinder methcMl: Tniuzl tr.si. —fn tliis 
meiliod the enlargiuiient of the cavity in a lead 
block of given dimensions gives a mcaaun? of the 
power of the explosive. AUd’s i-esults, quoted 
in tliis article, wore ohtainetl by t^iis nu'tliod, 
using cylinders of soft, pure h^ad, 12 mcluw high 
and 12 inclif'S in diunietcr, wit h a central cylindn- 
cal hole 7 inches deep and 13 inches m diameter, 
in which 1 oz. of explosive is lictonated. With 
cylinders of these dimensions, no cracking 
through of the bottom is to bo anlicipatcil; the 
diameter of the bon* hole just takew a service 
1 07 .. dry guncotton primer, wliicli is used as 
a standard of reference. Tiie lead cylinder is 
placed on a stout iron jilate. the weighed explo¬ 
sive (cast or compressed into a cake, or rammed 
to a known volume in tlu* bon' hole, according 
U) circumstances) with a mercury fulminato 
detonator (or suitable pnming such as will 
produce a maximum effect on detonation) 
inserted into it is placed at the bottom of the 
bore hole, tlie latter filled witli fine sand poured 
into It without preasui'e, and the detonator fired 
electrically or by safety fuse. The volume of 
the cavity produced is ascertained by means of 
water and a graduated vessel, and the volume 
of the bore hole being deducted gives the enlarge¬ 
ment. With an unknown explosive, several I 
experiments am nocessary to aHCo«iain the beet 
conditions of detonation. This test is only 
reliable for the comparison of explosives of the 
same type, and the results obtained with slow- 
acting explosives are of little value. The liigbcr 
the velocity of detonation, thfi greater the 
expaoBive effect. 

Standard conditions for carrying out this test 
wore suggested by the 6th Inter. Congress of 
Appbed Chemistry', Berlin, 1903. The standard 
dimensions of the lead cylinder are, height 
200 mm., diameter 200 mm., with an axial bore 
hole 125 mm. deep and 26 mm. diameter. The 
lead must be pure and soft and the cylinders 
used in a series of teste must be cast from the 
same melt. The temperature of the cylinder 
must be uniform throughout and between 16“ 
20®. 10 grams of the explosive are formed 

into a cartridge 25 mm. in diameter by wrapping 
in tinfoil, weighing 8B-100 grams per square 
®®tro. An eleotrio detonator with a chaige of 
* ^nis Is placed in the midst of the explosive. 
The charm is gently pressed to Urn bottom of 
^c bore hole mear» of a wooden stick and 
we bore hole iuled op with diy quartz sand. 


After firing, the cavity k brushed out and finally 
measured. 

Sand bomb melAod.—This method of testing 
the expletive power was developed for detonating 
explosives by Storm and Cojio (U.S. Bureau ox 
Mines, TcKTib. Pajper 125). A detonator eluded 
with the explosive under examination is fii^, 
by means of a length of safety fuse or eiectrii^ly, 
in the centre of 100 grams of sand contained m 
a cylindrical hU'cI bomb, 21 cm. xO ora., cavity 
16 cm. x3'l cm., (itted with a loose cover per- 
forate(5 for the bring fuse or wires. The sand 
used is a puio quartz sand, passing a 20*raesh 
sievo, and retained on a 30-moHh sieve. After 
the detonator has been lired the sand is sieved 
through a nost of live »ievo« of 30-, 40-, 00-, 80-, 
and KK^nu'sh to the linear inch, and the strength 
of tlie detonating charge determined by the 
comminution. It was found that the total 
wiught of sand that pivsHivi the SO-mesh sieve 
after the text is a measure of the strength of the 
explosive. Storm and Coiie found that the quan- 
titii« of pulverisoel saim are directly propor¬ 
tional to the weight of explosive chaigo in the 
detonator, and also showed, for instance, that 
the strt'ngth of inenmry fulminate and ful- 
minatc-chlorato mixtim*8 of different proportions 
OB indiitated by this Uvit, was in the same direc¬ 
tion as their relative (dlicicncies in initiating 
detonation m other explosives. 

Abboi'ft nn/j apfxiralvfi. —Many of the earlier 
values for the iiiUmsity of action of explosives 
were obtained by Abbot in the ring apparatus 
dcscritiod in his classical report upon * experi- 
niente and investigations to develop a system 
of submarine mines ’ (Washington, 1881). The 
explosive was contained in a suitable case fixed 
in the centre of a wrought-iron ring 4 feet in 
diameter into which six load crusher gauges 
were fixed at equal intervals. The apparatus 
was submerged in deep water, and the explosive 
fired eJectncally. The explosive force was 
obtained as usual from the shortening of the 
lead cylinders. 

McKoberte has described a method of com¬ 
paring explosives by the reaction effect their 
detonation produces on a pondulum-bunc mortar 
weighing about BOO lbs. The distance the 
centre of suspension to centre of trunnions is 
exactly 10 feet; the mortar is set with its axis 
horizontal. 10 grams of explosive are placed in 
a small recess behind the enamber for the pro- 
> jectile ; the latter weighs about 40 lbs. and fits 
' the boro gas-tight. The explosive is fired by 
means of a fuse and detonator; the angle of re¬ 
coil of the mortar is marked on a graduated 
index by a pencil which the former carries. The 
work done by the explosive is twice that done in 
raising the mortar trough the versed sine of 
the angle of recoil; tins is expressed in foot¬ 
pounds. 

DetoiyUive power and sensltlveneM to detosa- 
tion. The sand bomb apparatus used for 
detonating the expletive power is adapted for 
determining the detonative power or sensitive¬ 
ness to detonation of eirolosives, as worked out 
; by Taylor and Cope (U.S. Bureau of Bllinss. 
; Tech. Papr 145). In this method a oomposito 
i detonator, oontuning a fixed has# ohme ot 
1 some nii^, explosive^ say friiutrotoltulMi co’ 
I * tetry},’ is primed wi^ dlminishii^ qoantitiss 
‘ of the deton^ing explosiye, whose detonating 
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power iii to bo and finnl in the bomb, the 
intnimum quantity uf the priming exploaivo 
nooeesary to give certain and compicto detona¬ 
tion doterminod. Tlie relative HonHitivencHB of 
variouH ex]»ioNives to the initiation of the name 
dotonant tiiay alno lio deti-rniined in the Hamo 
wav. by UHin^ them hm hauc (-hui^cH ni a parallel 
sorieei of tnals. ()-4 j'laiii of tlie exjilosivo ik 
weighed out into a eonjicr deUjiiator shell. Hay 
5 inm. diaiiietiM, an<l lightly oompresHed hy 
KK'ans ot a jirlass rod. 'Die priming ehiyffo is 
then iiitrodueed, covoml witli a tlnn piTlomit'd 
eopper nnuforeinK eaj), 1) mm. lon )4 with mm. 
ju'riorntionH, and j»r(*Hso(l down with a loading 
presHure of 2lMi atmospheres jier sipiare inch 
iueotnpleto <i<'t.onivtion ih indicated by a Kinall 
coiiiminutini? <‘lh‘( t on tln'Haiul, and tlie preseme 
of jiarl. of the unaltensl base eliar^o^ in the sand. 
E'or e.vample, by this nu'tliod it wan lound tiiat 
trinitrotoluene is nen-sitive to detonation 
than tetryl, tlm mminmm <'liar)^o* of a ]iniinnf' 
eoinjHwitioii of 0: I fiilmirmle e)iUnal,<' reijuiiecl 
for certain iiml coinplel.e det<ination was for 
trinitrotoliu'ne O'tiri j'rani, and for ' tetryl ’ 
0*1!) cram. The KerisitiMuie.ss of trinitrotoluene 
was foUTuI to 1 h‘ inereasefl by ailiiu.xturo Mitli 
* totiyd ’ in proportion to tin* Hinonnt uddi'd 
I.Hiad a/.ide was fomnl to }«• a particularly ^'ood ' 
di'tonant for teti yl. 

Th(‘ ‘ Ksop test’ IS anoMu'r method of 
(h^Uirminin^ tlu' <lelonatinf; power of explosives, i 
the pniu-iple of which is to ih'tormino t-liat 
mixture t)l pic.ric ueul with oliva* oil contamint!; 
the highest proportion of oil tiiat t iic detonatoi 
will just deUuiab'. 

Velocity of detonation. The oM motliod of 
determining the rate of del-<>nalion wiks to [dace 
a number of eaitri<lj;es <‘nd to end. pressed 
well in eontaet w'ith one anotiuir, so ivs li> form 
a contimmus length i*f the explosive. 'Dus eord 
of oxjilosive was lin'd at one end by sonu' 
efficient detonating agent, and the tinu' of ex- 
ploHion wiiH taken by a Bouleng^ cloctro-baUistie 
chr(mogra[ih. os di'scnbed under ‘ Hallistie>< of 
a pro|Mdlant,‘ tlu' two I'leetrie currents being 
succoHHively interrupted by the I'nng of the two 
ends of the i-ord. 

The ix'Hults of numerous exjierinu'nti'rs 
showed that the veloeity of detonation mcnaised. 
Up to a certain poinlr, with the diameter of the 
tzwin of oxnlosiva Tin's!' experiments loquired 
a large built of expbwive. the tiain (d e\plosi\(' 
being usually about 3 ems. m diameter and 
35 metre® in length, ho that tliey were both 
costly and dangeroUH tii carry out. 

MfUegant/t uronl'r. —Au improved, purely 
dectrical motluKl of deU'rmining the velocity of 
detonation w’as dewcrilH'd by Mettegang, at the 
6th Inter, fkmgix'fla of Applied Cliemwtrv, ItorJin, 
1903. It is a modification of Siemens’ ajqiaratus 
for measuring small intervals of time. The 
methoil depends on the consecutive int^rniption , 
of two wires, carryinc a divided current, running 
through two ends oi a long cartridge and con¬ 
nected with a K^^arking induction coil. The 
main currant pt^es tl^ough a resistance of 
eleotrie lamra, and to ensure a high potential, 
no iron oore is used in the primary. Any chaise 
i& ilte^<eQsi5ii of the current passing through the 
pAtUUy ooil sets up an induced cu^nt m the 
aiB ondar y opiL One terminal of the secondary 
«•! is eoiUMOted to bearing of a revolving i 


I drum coated with lampblack, the other terminal 
I ending in a fine platinum point. The induced 
currents cause sparks from the platinum' point 
which are re<*ordi.'d aw tiny specks on the 
blackened Hurfac<5 of the drum. From the 
Hnai'O between these Sjn'eks and the speed of 
tiu) drum, the time of detonation of the explo¬ 
sion train w fouiul. Tiu^ cartridges of the 
cxjiloKive are 3 <'iiih. m diameter, and a total 
length of 3 to -1 metres is used, the cartridges 
being cnclo.sed m an iron pi}H' ami buried in sand. 

Tlu' bigliest rate of detonation recorded in 
expenmi'ids with numerous cxplosnc.s m about 
SbbO metres jier Rccoml. A 4-metrc length 
of explosive would therefore detonate m of 
a kccoihI, anil with a lolary MX'i'd of 25 metres 
I per H( cond the markings on the drum would bo 
12 5 mm. apart. 

, Tlu' K'loeity of detonation of explosives has 
been ib'termun'd by Dautriche (Compt. rend. 
llMili, 143, (i41). by a nielliod depending on the 
u.'-i' of (h'tonating jilamentfl, which had a con¬ 
stant, and (lylerinmerl velocity of dc'touation of 
metics per Kecond. 

'I'wo equal lengths of (he filament arc 
detonated, onc' of wlueh is cut. and a tube fiUed 
with (he I'xploHiv!' is interposed. One end of 
each filament is fixed to a detonating charge of 
lulminate, the other ends arc bound togother 
and fixed on a lead plale. The nitardation of 
th(' \('locity of detonation of the tilamcnt with 
th(' length of explo.sive introdmed, caused the 
iliKjilaecment of a depresHion mark on a sheet of 
li-ad from the position givi'ii when two equal 
urieut lilanienls aie used. This displacement 
with the known velocity of detonation of the 
I filaments give the lime of detonation of the 
given length of the explosive. 

Sensitiveness to percussion. The relative 
srnsitiv'eiicss of ('V])lo.sivcR to dirc'ct blow is 
usually d('lerminccl by finding tlu' lieight at 
winch a falling weight just, fails to fire or explode 
ihem in one of si'vi'ial trials, and is frequently 
expressed in terms of the M'nsitivenesB of an 
I explosive of the same t.yjic taken os a standard, 
say picnic aeid for lugh exjilosivcs. Weights 
of ilifterent mass art* used for explosives of 
rlitferi'iit tyjiePa 5-kilo weight being common for 
high exjdosives, in the form of a cylinder, with 
! a plan<‘ striking face, and fitted at the sides 
with pulley wlieelH which run down vertical 
guiding rails. The explosive i.s spread evenly 
on the face of a heavy steel anvU. sometime 
iM'ing covered with a Rtt'ol disc, or the layer may 
Ix' spn'ad between two diHcs. With the less 
HcnsitiNo exjdosives a partial explosion or igni¬ 
tion occiirK with a considerably loss blow tnon 
: that requirt'd to give complete detonation, and 
it i« frequently nifficult to say with certainty 
whether any decomposition has taken place or 
not. In these cases the limiting blow has to 
Ix' fixed by a spark or faint flash, by smoke, or a 
stain on the anvil, or even the ^our of deoom- 
))ONili 2 n products cather than by noise of explo¬ 
sion, fed the results at the beet are only approx!* 
mate. 

, A sharper result is obtained with detonating 
j explosives, and a more quantitative result can 
bo obtained by the fouowing method: the 
I explosive in a very thin but contdnuons layer 
)laced on a dead-hudened and surfaced steel 
)!ock and covered with a small steel qylindiioal 
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striker enlfttj^ed at the head and tapered at the 
base give a circular striking .surface, say, 
0*2 inch in diameter, which is a^ain dead- 
hardened and truly planed. This striker, 
which is pressed well down on the explosive, is 
held in a vortical position by means of a steel 
collar, in which the lit is good without olTining 
any noticeable friction. The blow communi¬ 
cated through the striker is obtaineil by dropping 
a steel ball, falling freely and electrically 
released from a point<>d magnet of just suiHciont 
strength to support it, on l-o the oentro of the top 
surface of the striker. The fall of the hall, the 
freight of whicli is selected according to the 
sensitiveness of the explosive, is determined by 
adjusting the electro-magnet fixed in a clamp 
working fui a rod graduaU*d in tentlis of a foot. 
The shorUvst fall is determined, to ori(‘ t(‘nth of 
a foot, which doos cause ignition or explosion in 
at least one out of tivc attmupts, ami also the 
longest fall winch doc.s not cause ignition or 
explosion in each out of five successive attempts. 
From these fulls the blows in foot-pounds per 
square ini-h are ealculuf,<-d, and a mean in round 
figures is reconhwl as the smisitiviuiess of the 
explosive. This method eliiniiiates siK’li in- 
fliieneing factors a.s friction <tf the pulley-wheels 
on the guides, the resistanci* of biirnMl edgcji 
on the disea, and tlie blow of th<' falling weight 
not being truly gii'cn by'^ tlic full st rikini: surlaec. 
and It Is fUily necessary to caicfully adjust the 
layer t>l explosive to not. onlv obt.un concordant 
re.siilt''. but also a (juantitative idea of the blow 
nMjuircd for ignition oi ev]>l<isiou under the 
conditions of the test. 

Detonator eajis ar<' ti'stcd )»y the fall, to a 
limiting height, of a small weight until a striking 
sti'el |Hiinfer. 

Sensitiveness to friction. No Hutisfaetorv 
quantitative nuulioil of testing tlie scnsitivcne.ss 
of explosives to pure friction lias been devised i 
One qualitative method is to nib tlie explosive | 
l»ctwi“en tw'o Burfac(« of sand-paper fixed to a 
board and a sliding block of wood resjieetively, 
the lat.tiT luuiig suitably* weighted. This methoil 
is fur from satisfactory ; morcury fulniinak', for 
instanie. inav frequently Ik* rislueed to fine 
powde'r bv this means without firftig. 

The fycnstlivenejtft to a glancing hlow is more 
usually Uiken aa a measure of the coinparatixm 
sen.sitiveriess of explosivos to friction, but this, 
Again, can only be determined approximately. 
The method usually adojited, *in which the 
^K'rsonal factor is consideralile, is to determine 
the number of ignitions or explosions obtained 
in a Borics of hard glancing blows with a box- 
WfM)d mallet or steel hammer of given weight 
on a thin layer of the explosive spread out on a 
wooden floor, and on a stone and steel anvil 
alternatively. 

Ah with sensitiveness to direct impact, the 
explosive must bo at approximately normal tem¬ 
perature when tested, as the sensitiveness is 
increased with rise of temperaPture. ^ 
Sensitiveness to heat The temperaCTiro of 
iCTition of an explosive is very dependent on 
the conditions of tho tcet. When slowly heated 
the ignition-point is lower than when tho heat 
18 suddenly applied, the heat of decompoaition 
of the expjoeive causing its'temperature to rise 
IcKally atove the re6ordod^temperature][to the 
*?nition-point. The ignition-point should be 
VoL. in.-r. 


, taken os the temperature at which a not too 
small quantity, not loss than 0*02 gram, ignitee 
after it cah reasonably be expected to have 
reaclieil tho recorded tomporature, kept eunstant, 
say, aft<*r not longer than 6 seconds. Tho 
explosive is usually placed in a lightly covered 
thick glass tube immersed in a bath of air, oil, 
or ftiHible metal, Anotlier useful form of 
appivratuH is a long eopjKir bar of sijuan^ snetion 
in wbioh two holes are ilnlled symtuotrioally 
wit’.Respect to the end of tho bar, into which 
rospi'ctivcly a Miennometof and small gloss tube 
lit closely, so that the coutro of the thermometer 
; bulb and the liottmn of the exjibwion tube are 
on a level with the axis of the bar. Tho tom- 
I jHirature can be ivadily controlled by ailjusling 
i th(' .size of the heating Hauio and its distance 
t from flic thermometer and explosion tube. 

! The approximate teinperatiin* of ignition is 
(irst det.crmtned by gradually hi'ating up tho 
bath or bar until the explosive lina, and then 
the firing-point determirKKl by trials with frosh 
quantities of explosive healx‘d at dofinito tom- 
I pcraluros, noting the lowest tomporature at which 
i oxplo.sion occurs under tlio conditions given. 

Character and duration of flame. The photo¬ 
graphing of tlie flame of explosives was first 
attempt'd by Sclioenoweg, the inventor of 
seeunte, and m now very larg<-ly used in deter¬ 
mining the character o! tho flames of mining 
cxjilosivcw. projicllants, and cap compositions. 

In testing the flume of explosives, they are 
fired at night from a vertical steel cannon with 
a graduated scab' jilacod l>ehind it. The flame 
IS jihotograplu'd ujion a drum covered with a 
sensitised film, rotating between screw pivoU 
I in a guide brai ket, contained inside a box pro¬ 
vided with a quartz camera lens for focussing 
the ultra-violet rays attending extreme heat. 

' With tlio drum at rest, the length of the flame 
i.s obtained. To obtain tho duration of the 
flame, tlic drum, which is motor-driven, is sot 
in motion, and as soon as tho required speed is 
obtained, the shot is fired electrically. From 
the speed of thi* drum ami tlio lateral extension 
of the blurred image of the flame, the duration 
of the flame U obtained. According to Bichel, 

' the limit values for the length of flame of a 
' safety explosive lie between 0 4 and 2*24 metres, 
and the limit values for the duration of flame 
between and of a second. Coal 

carbonito and blasting gelatin were taken as 
reproHcnting tho two extremes. 

Bichel compares tlic ‘ afler-fiame ratio ’ of 
dilTerent explosives, that is, the ratio of the 
velocity of detonation, taken as unity, to the 
duration of the fl^e, as an indication of their 
safety. This ratio for coal carbonite is 1 : 8*7. 
and for blasting gelatin 1 :883, so that Bichel 
concludes that the former is 100 times as safe 
os the latter. The flame of all Explosives out¬ 
lasts thS time of detonation, but that of the 
safer explosives does so in much less degree than 
those of the less safe. 

Ballistles of a propellant. So far as e^o- 
: slves are concerned, only the intemdi ballistics 
I arc meani when ballistics are referred to, that is, 

I the phenomena which take place from time 
I ignition is brought about until the pirojecfilo is 
I dear of the* influenco of the ex:]dasion gases. 

I ballistics concern pvncipaliy^e pressures 

B 
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develoiKxl in the gun and the muzzle velocity 
of the projei'tlhj. They can ho calculated witn 
some degr<«^ of accura«-y for any pai^icular gun, 
with any Kpccial nature and form of pTOjjcllant. 
knowing tlio graviinctnc ^lenHity of loediiig, 
that i**, tlj«» ratio of the v«»luTno of tlio j)Owdor to 
the' capacity (*f the gun chainhor, and the 
chemical c(mipoflitjon iiml rate «)f burning of the 
powder. Whim oxphwion lirst takcH place, tiic 
gun I'liaiiiher may he looked ujuin as a closed 
vcHHcl, HO that the intensity of the initial i-haoiihcr 
proHSuro and the rapidity with which it dc- 
volojiH, dejM'nd directly on the loading ilensily 
The priwiurce obtained in a clo»ed vcsrcI arc, 
however, never att.uined, owing (o the midion ol 
the projeetiki enlarging the chanilH'r and 
lowomig the gravimetric den.sity. 

In pnwdice, the prcsmn.s attained in the 
boro of a gun are nu-uHuriMl expcriiiH ntally hy 
meanB of cniHher gauges, winch are screwed mlo 
the boro of the gun at ri'giilar intiTvals, bill- in 
tho onlinary jiroof i(«Ht.ing of a propellantr only 
the maxiiQuui ihambi'r ]>ri‘HsiireH are del<T 
mined by means of a cnisher gauge placed m 
tho chamher. Tiii'se iTushet gauges havi' 
alroaily been diwcrllKul in (“onncciioii with the 
mooHureinent of ilostsl-vi'ssel jnessuiw. 

In jiroving propt'Ilants, the irlociti/ that a 
giv'cti cliargi^ will impart, to a j»rojectile in a 
particular gun, is determiiUMl hy means of 
a Rouleng^ ehninogra)ili or some modilication 
of tliis apparatus. The limo taki'ii hy the 
jpctilo ts) })ass over a known distance is deter- 
mined in tcriUH of the space passed through by 
a fiisely falling body m the same tinu'. Tin* 
projectile cuts through wires stietched on two 
frames a known distaius' apart. The eiitting 
of the wire on tho tirsl iiaine lilH‘rati*s a rod 
suflnonded by an elci'tro-magnet. The cutting 
of the wire on the second frame pul« into act ion, 
by means of a second dropping rod falling 
through a shortiT distance, a knife edge, whi< h 
makes a nick in (he lirst. falling rod. From the 
space fallen ihnmgli by the marked rod, the 
time for the jimjwtilo to pass over the distance 
U'twoen the two serwns can be calculated. 

In testing tho Imllistics of nitro jiropidlants. 
they art' heated to a deliiiite tenijiorature for 
some time Ix'fon* firing. 

Bibhograph}/.- - A chroriologienl bibliography 
on explosivi's up to tlio year J81>r> will Ik‘ founi! 
in the second volume of (liiltmann'.'i The Manu* 
footure of KxpliisivcM. 

Periodicals: Arms and Explosives (Lon- ' 
don); Zeitsehrift fiir das (b'samlo Sehuvis- und i 
Sprengstoffwesen (Munich); Mi^morial des j 
Poudres et Salp^*trcw (Paris). < 

Books ; Trail.^ sur la Poudre. les (Virjw i 
Explosifa et la Pyrt>teelmio, l^junanii and Von | 
Meyer, trans. by l>(^sortiaux (Paris. 1878) ; ; 
A Handlmok on Modem Exjdosivee, Kissler! 
(I/)ndon, 1890); Kxplosivee and Iheix Power, | 
Berthelot, trans. by Hake and Macnab 
(London, 1892); I>ictionnairo des Exploaifs, 
Dtoortiaux (Paris, 1892): Tlie Modem High 
Exploaivea, Kissler (New York, 189.3); Diction¬ 
ary of Explosivt's, Ciindill and Thomson 
(London, 1805): The Manufacture^ of Explosives, 
Onttmonn (lx>nd(m, 189.'»); New Metnods of 
testing Explosives, Bichel. trans. 'by I>ancn 
(London, 1005): Nitro Explosives, Sanford 
(Ix>ndon, 1906); Treftbiso on Senriee Explosives 


(London, 1907); The Manufacture of Em1o« 
sivos t Twenty Years’Progress, Uuttmann^Lon* 
don, 1909); High Explosives, Quinan (Mel¬ 
bourne, 1912); Ex:|)losiv(«, Marshall (I*ondon, 
1917); High Exjdosivefl, (Jolver (London, 1918); 
Notes on Military Explosives, Weaver (New 
York. 1918). G. H. P. 

EXTRACTION APPARATUS. Tho obj^t of 
extraction is to dissolve out some constituent 
! or constituents from a substance by treating it 
; with a Hoiveiit. When the substance is a solid 
' it may bo allowed to soak in the solvent 
at ordinary temporaturos (maccraHon) or at 
! higher temjieratures {dint-thon), the solutiotti 
Ix'ing after a tinii' jiourcd off, both methods 
being inclurled undi^r tlie term infunion; a 
third method is to boil tlio substance with the 
I Holvi'iit {drrochoii ); and a fourth is to allow the 
solvi'iit to descend through a column of. the sub- 
' .staiK'i* ]>laccd in a suitable vessel (percolaUot) 
or )it). Tho treatment when the 

siibp.tance is a liquid will be considered further on. 

Solids. 

I’loeessos of o*traction are involved m many 
of the large industries ; for inst ancy m brewing ; 
in the ‘ dilfusion ’ procois of obtaining sugar 
from sugar beet or sugar cane ; m the ' lixivia- 
ti(m ' einployi^d in the manufacture of various 
; morgaiiK- salts. ^Vc., &c.; arul descrijitions of 
them will lie found eLcwhcrc. ib'.sides these, 

; CAf iuction apparul uses arc employed in the labo- 
i ratory of a small size for quantitative work, 

. and on a larger scale for making various pro- 
I paration.s: in the manufactory tlicy arc used 
for pinparing mcihcinal extracts, alkaloids. 
dyestulTs, tanning mab'rials. an<l volatile oils, 
and in remoMiig oil irom sinxls and lat from 
lnuies .\ mnthemalical discussion of (he pro¬ 
cesses of extraction of solids, mciuding cases 
i of the r^v Tiler current system, is given by Hawley* 
j in J. Ind. Kng. t’hem 1917, 9, Still; 1920, 12, 
49,‘1. See. also Ix'wis, on p. 110. 

When watiT is the solvent employed, tho 
operation may Ik* ronciuct.ed in a largo pan 
made of cojiper or nickel or cnamell^ iron 
tixed m an oujer jacket of iron, so that a space 
j IS left iMitwoen the pan and tho jacket through 
I which steam can be maile to circulate «id 
I heat th(' contents of the pan. Such pans are 
' eftlier fixed and have a pipe, and tap at the 
bottom to draw off tho solution, as shown in 
section (Fig. 1), or"’else"thev''are movable about 


If 



1. lYo. 2. 


an axis (Fig. 2), so (hat tho pan can be tilted and 
the solution poured off; in these, the axes on 
which the pan rotates wt' tubtilor to permit 
steam to enter and eeec^ from the smMie be¬ 
tween the pan and it» iron jacket, when the 
infusion been continued for a suitable time, 
and the liquid has been drained off, the reeidue 
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is placed in a canvas bag and subjected to sti'ong 
preesure in a screw press, in order to squeeze 
out as far as possible the last portions of the 
solution. A common form of pn«s consists of 
a base to which two uprights with a cross bar at 
top are fixed ; in a thread cut through the centre 
of the cross bar works a powerful vertical screw. 
Between the uprights is a strong rnetai or 
wooden cylinder perforated with a number of 
holes; in this the bag of residue is placed, and 
on top is placed a thick plate w’hicli transfers 
the pressure exerted by tne screw to the bag 
and its eonUmte. The cylinder rests in a tray 
of a somcwliat wider diameter, and provided 
with a Hj)out; tins tray collects and conducts off 
the expressed liquid to a vessel placeil beneath 
th(5 spout. Ijnstead of pressing the residue, it 
may be infused several tiincH inoie with water 
until it is comiiletely (exhausted of the doHinnl 
constituents, but this method involves a larg*‘ 
amount f»f sulxsequiuit evaporation. The koIii- 
lions obtained by the above processes arc ne.Nf 
strained through conical bags of linen or flannel, 
and then evaporated down in jacketed pans Iik<‘ 
those previously de^Bcnbed. tlwfiiquid being kepi 
in motion by» nuM-hanieal stirrer. 

In many case.s, evajioration at temperatures 
near lOO"" hius jwi injurious 

*i effect on tlie Kul)stanee.s in 

I. - .., ■ solution, and some arrangenu’nt 
\ / for evajioratioii in a jiart.ial 

\ / vao.miin 18 adojiU’d; this enables 

\ / the evaporation t<j becondui^ted 

\ / at a lower Uunperatiire than 

\ / wlicn the liquid is suhji'cted 

\ / to the pi-essure of the atiiio- 

\ / sjihcre. 

\ / In the process of jxrcokUion i 

\ / or (li/iplarvment, the powdered 

\ / substaiu^e is placed m a long 

\ cylindrical or I'onical vessel 

(I*'!?' ^)> rests on a jicr- : 
p. forat;cd disc jilaccd near the j 

J?iG. 6 . bottom and which <ran bo i 


ve^el is placed underneath to r^ive the solu* 
tion, and the solvent is poured from time to time 
on the top. A row of such percolators can be 
arranged so that the solution from the first is 
poured on to the next and so on along the row, 
by which plan tho liquid from the last will be a 
strong solution, and the percolators tiiat are 
more nearly exhausted will receive tho weaker 
aid therefore more active liquids, lliis is^a 
lypi^l case of the coiinter^urrent system. 

(^a88 jieroolators are also used consisting of 
an upper vessel to hold the suhstanoe and of a 
lower vessel fo catch the solution. Tho 
upper vessel is stoppered to prevent loss of 
ahohol or ether vajiour, but there must be a 
small aperture to allow air to enter in order to 
pro\ent a partial vacuum btnng formed. In 
ox tract iiig some plant materials cold percolation 
is found prolerab'o to hot cxtrai'tion as tho 
desired constituent is obtained with h'ss trouble- 
some and undesired sub.stances aticompanying it 
and so is easier to purify. 

For some jmipoMCH, moie elaborate forms of 
aquetuis extraction ajijiaratus are preferable. Of 
thi'Mc the following is an example :— 

llanuf and Jicinhurd's appataUis (Fig. 4).—~ 
Tliis is designed for oxtrm^ting dyewoods, Ac., by 
the action of steam and water, a and b are two 
Hunilar vcsscIh (a is Klu>wn in section) which can 
be made to revolve about the axes xy, xy^ by 
means of the gearing ii, n, so as to facilitate 
tilling ami emptying. The axes are tubular and 
serve for conducting stiiam and water. In com¬ 
munication with the axis x are two pipes having 
taj)s a' and a : one ascends and leacu into the 
upj)or part of tho vessel, and the other descends, 
anil, passing through the Ixittom of tho v^el, 
leads to a perforated pipe, g, which forma a 
ring underneath a perforate falso bottom, A. 
(Vjininunicating with the axis y is a pipe which 
descends and, following the dotted lines, joins on 
to the hack of tlio threo-way tap 6. This tap h 
communicates with the space lienoath the fwse 
hottom and also with the air. Another throe- 


covered with a piece of linen 
or fianncl. A conical vessel is preferable to a 
cylindrical one, as the mass adjusts itself more 
i*oadily to tho vessel when any eliange of 
volume occuiu; in a cylinder, if the moss 
swells on absorbing the solvent, it is apt to 
become so tightly packed that tho liquid cannot 
pass, or, if it contracts owing to the removal of 
soluble constituents, it is more liable to form 
cracks and channels. A second perforated disc 
of linen or of iiaper pierced with holes is laid on 
top of tho substance to distribute the solvent 
uniformly. It is often advisable to damp the 
powder with about half its volume oi the 
solvent before packing it into the percolator, 
otherwise some portions may be found to have 
escaped getting wet during the whole operation. 
Care mast be t^cn in pacing that the substance 
is throughout in as uniform st#te of compression 
as powible, or else the solvent will pass^noro 
fi^y through the loosely packed portions. 
I^erent substances require to be packed with 
different degrees of tightoess; and when alcohol 
or ether are the solvents employed, tho packing 
may be tighter than in the case of water, os they 
do not e«use suesh a swelling of the suhstanoe as 
water does. The conical vessel is supported in 
a circular hole out in a table or wooden stand, a 


1 way tap, c, affords means of communication be- 
i tween the two axc^ y, y, and also with a pipe at 
; the back indicated l)y the circle of dots. The ; 
] coverM of a and b can readily be taken off and 
: fastened on again by the row of screws e, a, s, ' 
j These covers form tho condensii^ apparatus; < 
inside they pcsscss one or more flat horizoi^u ^ 
j coils u\ w, to which water enters through 
j tuh(' in, and escapes through n, and then flows 
I over the whole lid, forming a layer on the top, 

^ and is thcnco conducted awav. e and / are 
I openings for air and safety valves, and d, d, d 
I are taps for ascertaining tno level of the liquid 
I inside the vessel. 

To work the apparatus a and B are filled 
' witli the substance to be extracted, and the 
I covers are fastened on. A suitable quantity of 
hot water*is introduced into a through the tap e, 
placed in such a position that it passes dpwn 
the pipe t and through tho tap h into a. Steam 
is now passed in through the axis x, and through 
the valve corresponding to a, and eecapes through 
the perforttions of the mpe y, heating the wAter 
and the substance ana ascending to the t<^, 
where it is condensed and flows as liquid back to 
the hottom again. The action is fu^her accele¬ 
rate by opening the v^t% coTresponding to o', 
and passing steam in at the top of the apparatof. 
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The first few fiohitionfl, which are strong, are 
drawn off by tlie tap b, tlicn tho latcr»an(l weaker 
ones are forced by tlie prcMsuro of the steam into 
tho vessel n. Hu- tajw b aiid r b<‘ing placed so as 
to Iea<l to that vesHcl. a is then «‘inpticd and 
refilled with fn-wh nmtcriul.und n is now worked 
in the same way that a was. Py jnocei'ding in 
this way alt-ernatcly with a and H, tlio later and 
Wi’akcr Holiitioiis from one v(*smc1 come into con¬ 
tact with fri'Hh mairnal in thi; other and 
strong,and tluLs economy in evaporation iselieeted 
(J). K.P. 1H1)22, 1881 ; and Dingl. poly .1. 1882, 
24(1, 22, a later form of that' in I>. Jl. P. 10771, 
1880; and Ihngl. pol\. d. 18K0. 2118, !i;j2). 

In the lal)orat-ory most. exl.raet.ii'iiH are mad(' 
with non-aijueoiiH Holv<-iith., l>ut Uiose of tanning 
materials arc made with water. For descrip¬ 


tions of the methods, see th(“ artiede on Leathxb ; 
and sec Procter’s Leather Industries Lab. Book 
of Anal, and Exp. Metluxis, 1908. Other 
referene<* aio : Wollnv (Zeitsch. anal. Chem. 
1885, 24, .50); Koch (i)ingl. Poly. J. 1888, 267, 
.515); vonSehro*'(ler(Zeil.sch. anal. (’hem. 1886, 
25, 132); lloogh (J. 8oc Cliem. 1ml. 1899,18,303), 
comparative results with various apparatuses ; 
Voiteh (.1. Amcr. ('hem. Soe. 1905, 27, 724; 
and HM)6, 28, 50.5), recommends using water 
in ada])tations oi Zulkowski’s or Hoxhlet’s 
ap])aratus; Rogers {ibid. 1900, 28, 194); 
Wilson (.}. Sue. (diem. Ind. 15)12, 31, 97) de* 
seiibi's a form in winch non-volatilo solvents 
can be made to cireiil.'ite o\er tlie material by 
means of a vacuum ]Uim[i; Benson and 'I’liomp- 
i son (.1 Ind. Kng. (diem. 15)1.5, 7,5^15). 



SoLVKN'I'S O'l'IlKIl TITAN WaTKR. 

When Holvonts otiuT than water are used ‘ 
it becomes desirable to avoid the loss that w'ould : 
bo involved in pouiing off the solvent and ! 
pressing the residue, and also to make a nnnmniTu | 
of solvent do a ma.Mmum of dissoKing ; Minous ; 
fonna of apparatus haxe Imhmi devised lo attniii j 
tlieso ends, the principle involvisl being lo dist il i 
off the solvent from the solution and u.s<‘ it over 
and over again, and most of the forms an* arranged ; 
80 as to work aut.onui(riealJy and to require but J 
little attention. In geiu'ral. llicy eon.sist of a’ 
receiver in which (he solvent is boded, and to 
which the solution of the extracted eonstituciits ^ 
returns, of an extraction vessel in winch tlie 
substance is placed, and of a tube or spare to j 
conduct the vapour to a condenser, which euol.s 
and returns the liquefied solvent to<t-he extrae- i 
tion vessel. Jf this tube is made to pass outside i 
the extraction vessel, the extrai’tioR goes on ' 
in the cold, or nearly so; but if tho vapour i 
enciioles tho extraction ves^sel, or if the tube 
passes through the material, the solvent action 
18 increased by heat which may or may not bo 
desirable. 

There are three main plans on which they 
are cfc'nstructed, namely :— 

A. Percolation. • 

B. OontinuouH infusion. Tn this plan the 
substance is always flnmersed in the solvent and 


in most forms tlu* sidution leave.s the extraction 
voasel at the bottom, rises, and overllows back 
to the receiver. 

r. Intermittent infusion. This plan has the 
advantage of rmnoving one lot of solution and 
bnuging quit?' fri'sh solvent into contact with 
the subsl-nnee from tune to time ; since 1879 
it lias been brought’ to a high degree of perfection 
by exeliaiiging the overflow tube of the second 
fifan for a siphon, wliieh makes tho action an 
aut’omatio one. thi- improvement being duo 
to Soxhlet and Szombathy. 

The luimWr of forms for laboratory use that 
have Ix'cn described in chemical journals, taking 
those for soUila and liquids together, amounts 
to over 200. Some of them are triumphs of 
glass-blowung, but promise to be ven,’ fragile and 
diffieuit to elean, especially those designed for 
extracting liquids. J.)ifti<‘ultie8 have boon met 
in varioiLs ways. If corks are used for making 
junction.'*, there is tho possibility of their 
yielc(‘jig matter tb the solvent, and a previous 
extraction with solvents may bo required, 
which does not improve their qualities ; if la^e, 
they have pores which allow the escape of some 
of the vapour. A covering of tinfoil is one 
reme<ly proposed, another is the use of chrome* 
gelatin recommended by Neumann (Ber. 1885, 
18. 3()64). The cork is smeared with a pre¬ 
paration made by dissolving 4 parte of ge^in 
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in 52 jMki'iis of boiling water, filtering, and adding i 
1 part of ammonium dichromato, and Ih then I 
exposed to light for 2 days, which renders tlio ‘ 
mixture insoluble in waUtr, ether, and benzene. 
Another alternative is to us(» ground glass 
stoppers and joints, as in tlio aj>paratu8es of 
Sanders, Jorwitz, von der Heide, and others; 
these are apt to jam and break. A third plan 
is to employ mercury seals, as m Sehwarz’s j 
appanktuK, and in Kuorr’s. It is much in favour ; 
in the UniU'd States. A simple way of making 
a mercury joint is given by Leather (.1. Sue. ; 
Ohem. lad. 1889, S, 81). Wlien mercury is used, 
all minuto globules of it inust 1x5 earetully ; 
removed Ixdorc weigliing a vessel, as their ' 
weight IS eonsidemble. 

To jireveiit portions of tlie sulistance being 
washed into the receiver, it is olt-i*n necessary : 
to enclose it in a cartridge of liltcr jiaper, or 
in a h<)Ider of lil1r(T papc'r shajied like a lhiml)le ; 
sueh thimbles ai(' now inanufa<'iun*<l f«)r the 
purpose. Boeck (.1, Ind. Eng. (’hem. 1J)12, -I. , 
303) recouimeiuls a thimble made of ulundum j 
(that IS liau.vito fuscxl in a-n eleett i{‘furnaci!) lired i 
with bom<‘ suitable <‘eramic b^widing nialcjial, it ' 
can be made as ]M>rous as di'sniMl. iMirbes 
{ibid. 5-14) finds ilialr aliitKium v^‘•^sel.s alter a 
littlo in weight by varying treatnumt. Alumi- ! 
nium cu})s perforated at the bottom t.o liold the 
thimblo or the substance directly, have l>ecn 
described (Ricliardsou and Scherubel, ihrl. 220 ; | 
and U(‘rsch, J. Soc. ('liem. Iml 1001, 2t), 380). 

Various acceKSory devices have been added 
to tlio Soxhlet and other forms . the objcxd of 
some being to ilivcrt at will tiie stream of con- 
doused solvent from returning to the receiver 
and to collect it ajiart. In this way, al tfic cud 
of an extraction, tiu' solvi’nl. can b<' ibstiJIed 
o(T and recovered without disccmnocting the 
apparatus. Such are those of Slienstom* ((iu'tn. 
Soc. Trans. 1883, 43, 123): Wollny (Zeitsch. 
anal. (-'hem. 1885, 24, 41)); Fresenius-Ofienbach 
(Zeitsch. angew. (‘‘hem. 1890, 485); (-’haielan 
(Chem. Zeit. 1901, 25, 012); van Leeuwcii 
{ibid. 1907, 31, 350); li. von der Heide {ibid. 

1911, 35, 631); Priednehs (J. Amor. Ohem. 
Soc. 1912, 34. 1509; and Zcitacli.»angow. Ciiem. 

1912, 25, 2208). Further, a tap can Go attacheil 

cither to the bottom of the <*xtraetion vessel, 
or somewhere on the tuix*H, so that some of the 
solution can b<‘ drawn off for testing, as described 
by Ix'wkowitsch (Cliem. Soc. Tfans. 1889, 55, 
359); I^andsiedl ((3iem. Zeit. 1902, 20, 

274); Stein (i6*d. 1909, 33, 1115); Taurko 
{ibid. 1912, 36, 214); Schmid {ibid. 1249). In 
order to load other down from the end of the 
condenser to the substance, Bain (J. Ind. Eng. 
Ohem. 1910, 2, 455) employs a silk cord with a 
glass bob at the end; sealed in this bob is a 
piece of iron wire, so that by means of a magnet 
It can be drawn to the side to wash particles 
dowm It is sometimes advantageous to attach 
a calcium chloride drying tjtbe at the top of 
the condenser to prevent the ether absik-bing 
water. 

Below are given descriptions of well-known 
or typical apparatuses, and also references to 
other fonus that have been described. Appa¬ 
ratuses suitable for the laboratory are taken 
first, and are, for the most part, grouped on the 
classification given above, then foUow some 
examples of manufacturing plant. 


A. Percolation Forms. 

Zulkowski's apparatus (Fig. 6).—^Tho sub¬ 
stance is placed in the extraction vessel k, and is 
Hupported by a plug of cotton wool, p. The 
vapour of the solvent, as it boils off from the 
flask K, passes upwards through the side tubo f, 
which is fused on to E, and then passes through 
the adaptor c to a eondenscr. The condensed 
huuid flows back ami percolaU-^ through the 
substance in k. and drops again into K (Zeitsch. 
anal. (Jhcin. 1873, 12, 303). 

Maly (Annalen, 1875, 175. 80), Wolfbauor 
(Ber. d(5r VerKuchsHtationen, Wien, 1878, 1), 
Weigelt (Repertorium der anal. (-hem. 1881, 1, 
7), and Fiuckiger (Zeitsch. anal. (‘hem. 1882, 21, 
467) liave deserlbed apparatuses which rosomblo 
or else! an* modilicatioiiH of that of Ziilkowski. 

Itnch.si V.'t appunitifs (Fig. 6).—A folded tiIU5r, 
having double tlie usual iiumlH^r of folds, so that 
it may fit well to the .sides of the vessel, is placed 
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in the glass globe E, and on this paper the siib- 
stance to ix' extracted is put< The solvent is 
placed m the flask H, which has a tubo t fused 
into its side ; on wanning a the vapour asoonding 
througli t and through the tubo m, which is held 
in contact with I by a cork and is fused on to 
the glass apparatus c, passes on to a rofiux 
condenser connixikxl with c by the tubo r. The 
condensed liquid flows back into 0 , and is led by 
Uio tubo n into the globe E where it falls on the 
substance, and after having percolated throwh 
it returns to R again (J. pr. Ohem. 1877, 123, 
350). 

Wcyl’s apparatus (Zcitschrift fur Instrumen- 
tenkuude, 1885, 5, 126) is an arrangement like 
Dreclisel’s, hut by*the employment of mercury 
joints an ordinary funnel can be used instead of 
the glass globe e. 

(Iwiggner's ajiparatus (Zeitsch. an^ew. Chem. 
1902, 15, 882) consists of a vessel m which a 
funnel with the filter paper in position can bo 
placed and the substance on the filter extracted 
Dy a volatile solvent. The vapour of the solvent 
risiifi between the funnel ana the outer vessel, 
and when condensed drops from a riim of pointe 
on to the^)dge of the filter paper. It Is useful 
for extracting siUphur from precipitates gnd in 
other analy^cal operetions. 

ToUens^ apparatus (Fig. 7).—This is on im¬ 
provement on an earlier to^px which was desgghed 
by^^Tollens (Zeitsch. anal. C^em. 1875, 
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The BubBUineo is pleeeil in Uic inner tu ho i, which ; Wilei/'t apparatus {Fig. 9)-—® ®°®: 
I^hU^conirn'cL the bottem-/, end then j pact npparatue ueed m the 
sproinl out into a rim over wliich a piece oi filter | avoidB aU corks and joints. It consists M a 
puper t({ Liotl. This tulu* i iH j>lftcod iu ft wider | 
tube E, and rcata on a bit of bent glass rod al/» ■ 
which prevents it from closing tho a|Kirturo into : 
the narrower part /. The neck f is fitted by ; 
means of a cork ml-o a flask containing tho sol¬ 
vent. tho vajiour (if which ascends through tho 
spaco botwtum i and E, and then through c ^» the 
condenser. The condensed lujuid dunis into I, 
and after jssreolaling ihiough the sulistanee 
passcis through tlu' filter iiajicr and bai'k into the 
flask again (Z(ut.seh. urial. ('hern. 1H7K, 17, il20). 

A form, having an extraction tube witli a 
pointed lowei extremity, is deaeribed by Dunstan 
and Short (Pharm. J. IHS'I, [3| l‘b 003). 

Schulze and \on SanijiacirH aimaratus 
rosoinblt's Toltens’, witli tlie ex(‘(“jition that the 
inner tube i, in which the Hulistain c is placed, 
passes through and is licid in its place by tlie 
cork at the t<i[) of the ouli-r tubi' is 'I’lie innei 
tube 1 IK eoniieclod with a condenser, anil is 
perforated just below the t;ork witii one or inoix- 
iioUw througli which tfu* vanoiir ]>as.sos up to the 
condenser (Zcutsch. anal. (Iieni. JH78, 17, 171). 

SoheiblorV Ist apparatus (J) Jk 1’. 3573, 

1878, and 7453, 1870 ; Dnigl. poly. J. 1870, 234, 

128), and also tlioso of VVest-Kniglits ('Phe 
Analyst, 1883, 8, 05) and of Henseniaun {lii jM'r- 
toriutn der analytisclien t'hcime. 1880, 0, 3'.M)) 

(Uflor but little from Sidiul/.e and von Jlanipaeirs. 

Knorr'ff ap/xtuifnM (I'lg. 8).—Tins is nimh 
used in the United SiaU*.-^, and publisluHl 
by tho ^VsHoeiation ol (.blicial Agneultunil 
ChomistH. It avoids the use of corks and 
ground glass joints, u is a littlci flask made by 
softening the glass round about tin* JU'ck of .an 
ordinary flask and pix'ssmg tbo neck in so as to 
form a litth* ilojnxissiou. llostiiig on IIuh ni'ck 
by small projections p. tliero is pbwed either a 
tube s, with an internal siphon, or a siiuph' 
percolating tube, ending below in a point, and 
naving a perforated platinum di.se sealiHl in 
near tho |)oiut to support the substauco. A 
long covering tube o (shown on half tbo sisalo of 
E and b) comw down over tlic percolator or 
siphon tube and fits into the dcpnwsion m r 
the junction being made tight by a little iner- 
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largi* t( 5 i<t«tubo clo.sod by the braas plate P, 
which 1 ms a ground undersui-face resting on the 
ground edgi* of the test tube. Attached to p 
IS the inotaliie coii<leiisi‘r i\ made of four .sections, 
each formed of two cones fastened base to base ; 
tlu^ cross plates shown aixi circular and direct 
tlie current of water against tlie sides. The 
substance resting on asiiostos is contained in the 
crucible E, which lias a removable perforated 
bottom, and hangs from hooks at the bottom 
of the c'ondeiLser. The (*.\tract can either be 
collected ami wxnglied in the tost tube; or a 
little flask M, with a funnel / above it, can be 
used; m tho latter ease a little mercury is put 
in to fill the space between K and the test tube. 
The .solvent is introduced by means of a Bmall 
fumiel through tho tube 17 , which is closed when 
th(' solvent lits boiled fOr a short time and has 
driven out the air (J. Anal, and App. Ohem. 
181)3, 7, 05). The apparatus, and a way of 


B is held in position by an indiarublior , arranging it in batteries, is given in Wiley’s 

. . ' *1 .. t ,. .i T»_:__1 ii„. ..i. A _A-.«l mi.< •> 'ta 
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band passing underneath it, and attached to the 
two projoctiims q, q, on the covering tube. The 
latter is attached by fusion to tho condenser, 
and tho indiarubber stopper of tho condenser 
is either put on before tho fusion, or else is slit 
half way through, so that it^can be put on later. 
« is a little aipbon to remove any solvent that 
may collect between tho cover and tho flask 
neck. , At tho end of tlie extraction by means of 
an adapter fitting into the mercury joint tho 
solvent can ^ distilled off end ^recovered 
(U.S.A. Dept. Ainic. Chem, Division Bull. 28, 
1890, 90; and Wiley’s Prinos. and Prac. of 
Agrio. Anal. Vol. 3). 

Variations of Knorr’s form are given by 
Carr (J. Amei*. Chem. Soc. 1894, 10, 808), 
Wheeler and Hartwell {ibid. lOOU 23, 338), 
Praie(Amer. Chem. J. 1907, 37, 85), Dubois end 
Robison (J. Amer. Chem. Soo. 1908, 30, 797), 


Prince, and Pract. of Agric. Anal. 1914, 3, 70. 

The following are some other small appa* 
rutusos : W^t-Knighto (Analyst, 1883, 8 , w); 
Thomas and Dugan (J. Amer, Chem. Soc. 1905, 
27, 293), for removing bitumen from asphaltic 
mixtures ; Jackson and Zanetti (Amer. Ohem. J. 
1907, 38, 461), a little percolating tube is placed 
in the ffask of solvent and under the end of the 
condenser; Clacher (Analyst, 1910, 35, 349}; 
Ford (J. Amer. Chem. Soc. 1912, 34, 552); 
Richai^on and Soherubol (J. Tnd. Eng. Chem. 
1912, 4, 220); Cary-Cuir and CotUe (iWJ. 
535 and 856). f^r testidg rubber compounds 
used^on wires ; Walker and Bailey {ibid. 1914, 6 , 
497); Stokes (Anal>’st, 1914, 39, 296); Beeson 
(Chem. Zoit. 1915, 39, 860). . 

One disadvantage in the peroration appara¬ 
tus is that the‘drops from the condenser mways 

^ _, ..... fg B on nearly the same spot of the surface of 

Sy (J. IndkE^ Che^ IwTi. »r4)VA'm«8 an3 | the subetanee, ao thM. aoine portions do not get 
Itoww, aS«. Chem. Soo. 1909. 31, 947), | anoh a good chance rf bo^ ertracM m o^. 
Fta»ri 8 (#. lad. Eng. Chem. 1911,3,673). To remedy tins, Barlner {,7. Fhann. Chun. 1878, 
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\<i] 27, 200) employed an apparatus in which a ; 
siphon in a vessel above the percolator poms a | 
considerable volume of the solvent from time to 
time on the substance, so that the^surface of the ’ 
latter becomes covered with a layer of liqiud. 
The apparatuses of Gu6iin (J. rharm. Chim. 
1870, [4] 30, 611), Stockbridgo (Chem. Centr, 
1886, [3] Id, 280), aiid of WoUny are others that 
adopt this plan, and that of the last-montioned 
is given below as a type of the class. 

apparatus (Fig. 10).—^This consists 
of a receiving llosk R to contain tlie solvent, and 
two Other pieces shown in section in the figure. 
These bits are united together by tlio mercury 
joints a, h, c, d, which aix^ provicied w’ith small 
tubes to permit of their In'injipcmptied without 
tilting the apparatus. The toj) joint d connects 
the apparatus with the condenser. The sub¬ 
stance to bo extracted is placed m the tub<; E ; 
it should be (contained in a cartridge of filter- 
paper Bo as to allow the vapour of the solvent 
to pass. The vapour ascends the tube -p, aiul 
then pasaos downwards tlirough », Iieating the 
substance on its way, into the space v, whence 
it escapes up the tube t to the condenser. The 
condensed liquid collects in the vi-ssol v, and 
is siphoned oft from time to time by the tuls- .v, 
thus ensuring the coinphde extraction of tlic 
substance. The solution returns through r and 
tlie long-tube q to the flask again. !n coses 
where boiling the solution injuix« the diKs<dved 
constituents, vapour of the solvtmt can be 
introduced tlirough the side tube r from anotlier 
veBSol of solvent heal-cd separately, and tin* 
flask R can be left cold (Zeilsch. anal. Chem. , 
1885, 24, 48). Seksder (.). Ind. Kng. (du-ni. , 
1916, 7, 871) de~scrdM« a modernised form on the 
same plan and k'ss oomplicated than the above. | 
Von Bibra (von Gorup-BcHanez’a Anleitung j 
zur zoo-chem. Analyse, 353) and llolfmann j 
(Zeitsch. anal. Chem. 1867, 6, 370), by alteniately 
heating and cooling the receiving flask, make the ! 
solvent pass through the substance, (iawa- | 
lowski (Zcitsch. anal. Chem. 1883, 22, 628) : 
provides a tap on the side tube up which the i 
vapour ascends, in a form like Zulkowski’s ; if j 
this is closed from tinje to time, and tlie 8ou|co j 
of heat is removed, the contraction in the flask 
sucks the liquid back through the sulwtanco. 
He also employs underneath an arrangement 
like Brechsel’s, whereby perfect filtration is 
attained. , 

Mohr’s apparatus '(Mohr'e Lehrbuch dcr 
Pharm. Tochnik, 1847, 108) is an early form 
often referred to in older chemical literature: 
it employs a Woulfe’s bottle with metal veaseU 
above. Other old forms are those of Paven 
(Ann. Chim. 1845, [3] 13, 59); Schloesing 
(*i«i^l847, [31 19, 239); KoppfComptes rondus 
dei^ravaux do Chimie par Laurent et Gcrhardt, 
1849, 6, 305); Arnauaon (II Nuovo Cimento, 
1858, 8, 200); Jacobi (Uingl. poly. J. 1862, 
164, 343); and S^rch (ZeitsclL anal. Chem. 
1868, 7, 68), who ooxutrucUh a simple ibrm by 
placing the Bubstance in a broken roton beak 
and embedding a tube in it through whicli the 
vapour of the solvent ascends to the oondenser. 

References to other authors who have de¬ 
scribed forms of percolation apparatus ue: 
Vohl (Dingi poly. J. 1871, 200, 236), for ofl 
seeds; O^ber {Bw. 1676, ^ 656), for milk 
analysis; Cazenenve and Oelilol (J. Pharm. 


Chim. 1877, [4] 25, 265); TschlMowitz (Zeitsch. 
anal. Chem. 1879, 18, 441); Biechele ^one- 
spondenz-Blatt des Vereins imalytisoher Chemi- 
ker, 2, 70); Wolff {ibid. 91); Guiohard and 
Bamoiseau (R6pertoire de Pharmaoie, 1880, 8, 
97); Gantter (IlingL poly. J. 1880, 236, 221),; 
M^icus (Zeitsch. anal. (5hem. 1880, 19, 163); ‘ 
Thorn (D. R. P. 14523, 1880, and Dingl. poly. J. 

1882, 243, 248; and with later improvements, 
U. R. V. 18850, 1881, and Dingl. poly. J. 1882, 
24G,e 374): Dunstan and Short (rhmm. J. 

1883, [3] 13, 663); Krousler (Chem. Zeit. 1884, 
8 . 1323); Thresh (Pharm. J. 1884, [3] 16, 281); 
Will {ibid. 363); Waite {ibid. 376); Johnson 
(C!hem. Nows, 1886, 62, 39 and 82); Foereter 
(Zeitsch, Anal. Chem. 1888, 27, 30 and 173); 
Neubauer {J>lngl. poly. J. 1888, 267, 613; 
Berntrop (Zeilsch. angow. Chem. 1902, 16, 121), 
for bread analysis ; Lohinann ((U»em. Zeit. 1905, 
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29, 366); Pewchcck (Zeitsch. angow. Chem. 1906, 
19, 1613); Record ((Jhem. Nows, 1908, 97, 280); 
Gcbhard and Thompson {ibid. 11K)9, 99, 124); 
Prager (Zeitsch. olfcntl. Chem. 1909, 16, 398); 
Koch and Can* (J. Aine.r. (’hem. Soc. 1909, 31, 
1341); JjGhz (Arbeiten Pharm. Inst. Umv. 
Berlin, 11K)9, 7, 289); Bomemann (Chom. Zsit. 
1914, 38, 833), for fine powders, such as asphalt 
meal; Griftiths-Jones (Analyst, 1919, 44, 45), 
ihe tube up which the vapour ascends paues 
from the cork of the receiver up above the 
condenser, then bends over and passes down 
inside the otinder^r to the level of the water 
intake, the extraction thimble is attached to 
the condenser imd is inside the receiver. 

B. Oontirmaus Infusion Forms, 
Schs$hler'8 2nd apparatus (Fig. 11).—^As the 
first apparatus could not be constructed wider 
to hold large quantities without danger of the 
solvent percolating iu one chanzkm through 
the substance, ana leaving part unertraoted, 
Scheibler deeigned a modification inviflvii:^ eon* 
I tinuous ^infusion with an overflow. Tim ap- 
! paratus (shown in section in the %ure)« made 
! of metal, sand the substance is plaoM in the 
t innermost tftbe «, which is closed at tlie bottom 
with, a piece of wire gauJb with a layer of eotton 
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wool, J), alK)V0 it. ThiK tube slightly widens 
at the top and is ground into the top of the outer 
vessel HO aa to be r(‘niovable. The outer voBflcl 
is coinpowsd of two tubcH which are perinanontly 
united at the nwk a ; the out*<ide one ends below 
in a funn(‘l which fits into the v(«sel of solvent; 
the inner one is closed below, tho bottom l)cing 
iwnt np as shown ; it has two rows of ixjrfora- I 
lions in it near tlie top. Tlio innermost tube has 
one row of j)crforation8 just below the neck. The 
vapour pas-sos up t he outer space andilirougk the 
porforutions to a eoiideiiHor fitted to the neck of 
tho iniuTmost tube, the eondenfied iitpiid drops 
on to tile Ridwtaiu-e, iJiiHcends Ihnmgh it, then 
pHSHW up tiie space betwi'cn li and tlie next 
tube, and overllows tho lower low of 

jM^rforaliuns and so back into the vi'ssd of 
Bolvent again (D. K. 1‘. l87b). 

ReinjielH ajiparatus (CIk'Iu. Zeit. 1887, II, 
illltl) is also an overilow ap[>aratiis, but. is so 
airangwl that the sid^stame is plu< t;d in the 
outaide vessel and tlie lirpud uses and <iv('rtlow8, 
and the vapour ascends tiirougli tulKis in the 
centre. 

Budde (J. Soc. (!heni. ln<l. Ittl4. 113. 1H4) 
found that wlien using heavy solvents to 
extraet waxes or fats the solution is lighter tliaii 
tho solvent', aiui lloats on tho laitt'i. ll(‘ got 1 
over tho dillioultv by means of a tube something ! 
like e' in Voders a^ijmnitus (Fig. 28), but m : 
whicli tho narrow side tube exteiuls right up ^ 
to the eoudeiiser and ends tlu'i'e in a funnel. ! 
Jn this way tlu* column of lieavv solvent in tho j 
aide tubo forces the light solution to overilow j 
from th(‘ lop of the wide pait of in wliicli the | 
Bubstanoc is put. ('jispan (thui. 1U13. 32, 1012) j 
doHcribcs an ajiparatus for separating the peidoiis 
part of indiarubber by }>otroleuiu-ether; it would 
also moot BuddoV ditliculty. | 
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was used in isolating vanillin from raw beetroot 
sugar. The subetaneo to be extracted is plaet^ 
in tho vosstd b (an elutriating vtwsel such as is 
used in the mechanical analysis of soils) and 
roBta on a plug of cotton wool b. Tho solvent is 
poured on t-o it, until some escapos from the 
tubo f Into the dask u which is placed on a 
wator-bath. The vapour of the sUveut is 
conducted by the tube p back into b. whence it 
passes through c to a refiux condenser. Tho 
condons^ l^uid flows book through c on to the 
substance in x, thus osMiing a constant overflow 
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of liquid from the end of i, canying with it tho 
soluble constituents of tho substenco, which thus 
accumulate in R (Ber. 1S80, 13, 338a). 

References to other continuous infusion ap¬ 
paratuses arc: Wynter Blyth (Chem. Soc. 
TrapB. 1880, 37, 140); Johnstone (The Analyst, 
1885, 10, 81); Stoddart {ibid. 108); Schmidt 
and Haniscli (1>. R. P. 42753, 1887 ; and Dingl. 
poly. J. 1888. 208, 504); Uockol (Zeitsch. angew. 
(jhem. 1897.083); J^ndHicdl (Chem. Zeit. 1902, 

' 20, 274) for use with solvents of either high or 
low boiling-point; Warren (Chem. News, 1900, 
93, 228), used in indiarubber woiks; Hahn 
((Uiein. Zeit. 1013, 37, 880); Pinkus (Biochem. 
i ZoitHfh. 1914, 00, 311). 

• 

C. hdermiilenl hifusiw Forms. 

' Anil and Ptrklo's apfHJtiUus (Fig. 13).—^'Che 
i substance to be extracted is placed, together 
' with the Rolvimt, in the large bolt-head flask b, 
which i.s licaU'd in a water-batli. The vapour 
, pa.sse8 up th<* wide tubo i>, winch is provided with 
I a wide borf*ta)i <\ and is cooled by a reflux 
‘ condenHcr attacluKl l-<i the top. s is a long tube 
' ending in k. In a small tliistle funnel packed with 
! cotton wo<<l and covered with line muslin or 
cotton elotli; tlie other end of s passes into the 
n'ceiving flask n. A fairly wnlo tube, t, passes 
from tlie tube n at a point above the tap c down 
mto the reced ing flask ii. Wh(ii tlic solvent has 
become saturated, the lap c is closed for a 
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moment, tlie pressure of the vapour then drives 
tho solution through the cotton wool, and fills 
tho tubt's, which now acts as a siphon. Thb 
: solvent 18 now boiled off from K, and jiaesing up t 
! IS condensed and i-etumed to k. The operation 
1 is ropeati'd until the extraction is complete. M"ith 
: some solvents, a joint of wdde indiarubber 
tubing can be used instead of the tap c, the 
tubing being pinched when it is desir^ to fill 
1 the siphon (Cficm. News, 1909, 99, 242). The 
authop find that if*Lhe tube i> is continued down 
into tne flask b to a level a little above the 
thistle funnel, and is given a somewhat flanged 
termination, the apjiaratus will work aiito- 
maticolljk'. When va^ur is boiled off from B, 
it collects in d, forming a small column, which, 
when it has roached a certain height, foroee tho 
liquid into the siphon, which then emptioB x, 
and the prooces is repeated. 
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Sohwaerder (J. Fharm. Cbim. 1853, [3] 24, , 
134), Scbid (Annalen. 185$, 105, 257), and ! 
Simon (Zeitsch. anal. ('hom. 1873, 12, 179) have 
also deecribod apparatuHce in which the pressure 
of heated vapour is used to force the solution 
from one vessel to another. 

References to other apparatuses of the inter¬ 
mittent infusion group are : Daubrawa (Viertel- 
jahrschrift fur practische Pharmacie, 1859, 8, 
36); Fleury (.f. rharm. (’him. 18()2,13] 41, 2H2); 
Barlow (Cliem. News, I88H, 57, 5()). 

Soxlilet and Idzombathy's apjHiraius (Fig. 14). 
—This was the Jirst apparatus to introduci^ tiic 
use of the sijjlion to edect automatic inter¬ 
mittent infusion. The Hubstance to be extracted, 
contained in a cartridge of liltar pap(5f, is placed 
in the wide tube e, at tho bottimi of which a 
tube, s, bent so as to f{)rm a siphon, is fused on. 
Anotlicr tube*, N, not (juite so wid(' as e, i.s fusetl 
on to the bottom of the latter, without, howevuT, : 
opening into it. The down lube of (.lie siphon [ 
H passt^w through ilie side of n, and is si'uleci .in | 
by fusion. A rollux condenscT is-lilted to tho | 
top of E, and tlie tube N is fixed by a coik into a 1 
vessel of th(‘ solvc'nt. On lioiling the .solvent, i 
tho vapour ascends thnmgh N and tiirongii the ; 
sidb tube (,whieli is si'aled into both n an<I ic.and 
roaches tho condenser, wiienee the condensed 
liquid drops back into e and acciiinuIateH until 
it riscH to the level of tlu: to]) of tho siphon 
when tho siplion flows ainl empties tin' lupiict 
contents of E into the V(“ssel beneath; e tiieri , 
fills again, and its liquid conUmts are siphoned : 
off every time th(i level reaches the to]) of tho 
siplion tube. Tiio top of tho cartridge sliould ; 
bo below tho level of the top of the siplion, so ’ 
that it may be completidv immersed in tlio ' 
solvent, and it should rest on a jilug of glass ! 
wool or strip of metal bent into a ring so that ; 
tho opening to tho siplion may not be closed i 
(Dingl. poly. J. 1879, 232, 4lU). : 

iSoxhlot and yzombatliy’s jilaii is now very i 
widely adopted, and many variations of it have j 
been devised. Lcwkowitscii ((3iein. Soc. Trans, i 
1889, 55, 359) attaches a tap to the siphon just i 
before it enters the tube n m Kig. 14, so that a i 
little of tho solution can bo dia^frn off to test tbo ’ 

K ress of th<' extraction. 'iTio siphon may | 
^ilaced between the extraction vessel e and ■ 
an outer vessel or in.side tlic extraction vessel; ' 
tho risk of breakage is thus diminished, and the < 
material and solvent are warnietl by the ascend¬ 
ing vapour. Tile following ai-o references 
and descriptions of various forms having the 
siphon all, or mostly, in the air: WoUny 
(kitsch, anal. ('hem. 1885, 24, 51); Boess- 
neck's 2cLd apparatus (Chem. Zeit. 1890, 14, 
870); Christ Kob & Co. {ibid. 1901, 25, 379), 
a form having a perforaUid glass plate fused 
in position just above tho place where the siphon 
is attsM^hed to B in Fig. 14; Landsiedl (Cnem. 
Zeit. 1902, 20, 274) forms with movable interitir 
vessels ; Silberrad (Chom. Nows, 19U, 104, 54), 
like Fig. ll, but the maffi tube e rit^ very 
high and contains a pendent condenser ;*Kardos 
and Schiller (Chem. Zeit. 1913, 37, 920), for 
powdery materials, the solvent drops into a 
central tube full of holes and covered with cloth 
and embedded in tl» powder, whence it passes 
Into the powder; Freund {ibid. 1914, 38, 802), 
a clever torm easily made from common appa- 
xatas. 


Ohu^izer and WoUnj/'s appamiuB (Fig. 15). 
^In this, the bottom of tho iniwr tube b is 
drawn out, and to it a siphon tube is sealed on, 
as shown in the figure. The tube s and its 
siphon fit loosely into an outer tube, t, which is 
fitted into a vessel of the solvent below and leads 
to a condenser aliovc. The substance to be 
extracted is placed in e, and tho mode of working 
IB similar to that of tbo previous apparatus. 
Tho vapour passinc up in tlie space between 
j j»an4 T maintains the substance and the solvent 
at a temperature ajiproaehing tho boiling-point 
of tho latter (Zoit.'^eh. anal. I'hcm. 1881, 20, 81). 
An objcctum to tliis form raised by Wollny 
that ns tlie siphon is in the hot vapour the 
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solvent in it may boil and hinder tho siphoning 
action, and ho describes forms in which the 
Hulistance is heated yet tlio siphon is cool 
(Zeitsch. anal. Chom. 1885, 24. 48). When the 
solvent is a mixture of liquids of different 
boiling-points, such as petroleura-ethor, the 
more volatile jiortions tend to collect and boil 
in tho extraction vessel, while the siphon is 
superheated by the vajiours of the high boiling 
portions and docs not act (Ford, J. Amer. 

8oc. 1912, 34, 552). .' 

‘FrUhling’s apparatus (Fig. 16).—A c^n- 
drical tube, e, resembling a tube for dwiitt 
filters, is open at tho bottom, but a little aooVB 
the bottom it is closed by a conical diaphiagm, 
through the apex of which passes the longer leg 
of a little siphon^ which is thus held in position 
I in £ ; it lies ( lose to the side. This tube contains 
; the material to be extracted, held in filter paper. 

^ The end of the siphon does not quite reach to 
I tho bottom of s, so that e can be placed upright 
I on th^ balance pan, and weighed; it can be 
j closed with a ground-in stopper during weighing. 

! E is slipped into tho outer tube T, which is 
I closed by a light hollow glass stopper through 
I which runs the tube of the conoenser. Tne 
^ vapour of the solvent }>asees up the side tube t, 
is condbnsed, and the liquid when siphonea 
from E returns down the narrow tu^ in the 
interior of n (Zeitech. angew. Chem. 1^9, 242). 
Somewhat'similar is an arrangement of Bah| 
(J. Ind. Eng. Chem. IMO, 2, 4^), be ums m a 




106 


EXTRACTION APPARATUS 


r MiUior a little weighing bottle which can 
cloeed by pound-on capH at each end; in 
one end ie a short movable gloee inset oanying 
a stretched hlter-paper on which the Bubetance 
rests. 

The feature of having tlie siphon inside the 
apparatiM is adopted in thu following forms : 
Blount (Analyst, IHS8, l.‘l, 126); Prosenius- 
()tTenba<‘h (Zttiiseli. ungew. (,’hcm. 181M), 48rd; 
Hinnhold (Chein. /eit. 11M>1, 25, 42!1); in Ihis 
tlu“ vapour puswis uj) a tuk* in the oontr# o{«.» 
globular extraction vohhiJ terminating l«*l<»w in 
a wide lube. The inner tnln' ik ground into l.lie 
wide tiilie, and has the siphon fuscsi into it with 
th<< long leg passing down the erntrc', tlu* bend 
and short leg being m i Im* gloluilai vess<4 The 
apparatus is h^ss fragile than otlii'r forms, and 
the inner tube and siphon can be renntvi'd in one 
jiieoo for cleaning. (Uiulclan (('hem. Zeit 
11101, 25, 612) bends tie- delivery iul><‘ of the 
condenser slightly to one side, so that, hy twisi mi' 
the condensfT lound. tlu' solvent ean he niadi- to 
fall either on tin* inatiuial or into the oriliee (»f a 
Inbo passing through the side of Uie extraction 
vessel near the toj). WIhui in the latti'V 
position, the solvent is run oil through a t.ap on 
the side tube, and the nisessity is avoidi-d of 
discoimeetring the roeening flask and distilling 
off the solvent, in iisepamte apparatus. Jjari(l- 
Siodl ((’lu'in. Zeit 1002, 26. 275) describes forms 
with movabh' mtiTjor vessel.s for hot extrai-tion 
Raderm^-ln'r(dnd. 1177) Jlesse(/h<d. 1004. 2S, 
18) uses u cork in a tubulure at the bottom of 
the inner tube to hold the siphon in its place, 
thus making a very cheap form ; the oork can 
becoatod with ehromgetatin. Pe«soheek(Z('it4^eb. 
angew. ('hoin. 1006, 10, 1513). a form with 
movable int/iTior vessels foi jiercolation or inter¬ 
mittent infasioii. Vigreux (Bull. Soc. tilum. 
1000, f4j 5, 600). Walpole ((them. News. lOlO, 
102. 120h a form somewhat resembling Knorr’a 
(Fig. 8). Aron(Bioeliem. Zeitsch. 1013.50,386) 
Be^ie and Stevens (Analyst. 1013, 38, 143), a 
compact form made out of an Erlenmayor Ihisk 
with a long neck holding a pendent condenser. 
Thar (BiocWm. Zt'itseh. 1014,68,503). Twins 
and]Mo(!owan(.J. Soc (Vm. Ind. 1017, 36,602), 
a form much like Blount's. 

King's appdmliis (Fig. 17).—Jn this the 
siplion is differently couBtructed. Into the 
bottom of the wide tube e there is fused the long 
narrow tube t, whicli is ground off at an aiude at 
its upper end. A tube, s, slightly wider than 
and closed at one end, is inverted over /, and 
rests on the upper end of the latter: it does not 
quite reach te the bottom of B. The tube e 
slips into a still wider one, r, which is dented in 
in several places at d, in orncr that the dents 
may support e and prevent it closing tlio 
narrower part of y. Tne sxibstanee to be ex¬ 
tracted is placed in a, and rests on a plug of 
glass wool at the bottom. It is fitted pp as in 
the two previous apparatusi^, and when the 
liquid in k rises to tnc top of s, s and t form a 
siphon and draw off the liquid into the vossel 
below (Chem. Nows, 1888, 67, 236). Masojidek 
(Zeitechrift fur Zuckerindustrie in Bohmen, 
1881, 6, 61) and Boeesneck (Chom. Zblt 1887, 
111 16QP) had previously described apparatuses 
on the same plan as King’s. Thorpe and 
R<ibin8on (Qhom. Soc. Trana. 1890, 67, 44) 
employ an op^-toppe4 beli‘)ar invert with a 


siphon of this form to make a capacious ap¬ 
paratus. 

In Jerwitz’s apparatus and in Sandere’s 
apparatus, the difficulty of the cork is avoided 
by causing the condensed solvent to enter the 
extraction vessel at the side instead of at the 
, top; a light glass stopjicr can then be used to 
I close the top of the extraction vessel, and the 
1 material undergoing extraction can easily be 
i removed wlien extraction is complete, and fresh 
! Hiatonal introduced without disconnecting the 
! '.londonscr. 

j Jcrwitz's ap'fHtratm (Fig. 18).—In using this 
S the n^ccjving flask p is attached to the bottom 
; of the condensi'r and is hold on by spiral sprii^s. 
j The cartridge of material tt> be extracted is 
; [ilaviHl in the I'xtraction vc^ssoT a ; ether is 
j poured in U[) Ui the level b, and the vessel is 
; closi'd by the glass stopper Ji, w'hich is held in 
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Fig. 19. 


i position by spiral springs. The tap n is then 
j opened, and Iho ether is siphoned over into y. 

! On heating pin a water-bath, the ether vapour 
. ascends to K, and is there cooled by a current 
I of water circulating in the outer space. The 
I condensed other is prevented by the projecting 
i tube J from flowing straight down into p, and is 
conducted thrcffigh l into a, whore it ooUoots and 
I is siphoned off intermittently tlirough G. When 
I the extraction is comploto.the stopcock b is closed 
' and the etlior from f is driven off and collect^ 

’ in A. F is thep-removed, b is opened, and the 
I ether is siphoned off into another vesseL The 
j stopper H IS then removed, and the cartridge of 
; exhausted material is taken out by long tengs 
I or a wire hook. At the top of the apparatus, a 
I calcium ehlorido tube, o, prevents access of 
moisture to the ether, and the little tube n 
{ containing mercury and a plug of cotton wool 
i acte as a safety valve should o get clogged 
; (Ohem. News, 1901, 83, 229). 

Sanders's apparatus (Fig. 19).—^In riiis 
apparatus, the material is placed in the ez- 
tracti(m vessel a, #hich is closed by the glam 
stopper H and is held in a sloping position. The 
I receiving flask containing the solvent is attached 
I to the tube p, the taps b and o are closed, imd on 
I heating the flask, the vi^ur of the solvent 
I passes up tiie tube F and tniroi^h the upper port 
{ of A to the side tube b, which leads to a refloz 
I condenser. When a is neaiiy ffUed wi^ the 
I condensed solvent^ tlw sijdum a dtsohMges the 
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solution into the receiving flael^ and continues 
to work intermittently as m similar apparatuses. I 
When the oxtnbction is complete, the tap o is ; 
opened and the solvent is collect^ at the end j 
ot the tube /. I£ the tap b is left open during ' 
the operation, continuous norcolation instead m , 
intermittent infusion is enected. In a simpler ! 
form, tlie tap b and the cross connection between 
the legs of the siphon are absent. The appara¬ 
tus can bo made on a large scale of tinned 
copper, the extracting vessel having the 
capacity of one litre (§ 1001 . Soc. I’roc. 1910, 

26, 227). 

When oil seed is crushed for analysis sonio 
of the oil is lost in the machine. .Max Ixdmiann 
(Chom. Zeil. 1894. IS, 412), to moot the difficulty, 
designed a very small mill in which 5 grams can 
be crushed, and then the lower part of it con¬ 
taining the meal can bo put in a Soxblct for 
extraction. Another uncommon apparatus is 
that of C. Lehmann (Pfliigcr's Arcliiv Physiol. 
1903, 97, 419 and OUO) for extracting the fat 
from animal tissuia, yeast, &c. ^ it is com¬ 
posed of a bottle with sto])pered moiitliB at top 
and bottom, in wliicli the substance is ]>laced, 
together with the solvent and a number of 
porcelain balls. This is rotat<*d in a motor, and 
IB then made to form part of a S«)xhlet apparatus. 

Uinjc Forms. ■ 

Apparatuses designed to deal with several 
pounds of snlwtance are <h‘scnbed bv : Thorpe 
and Robinson (C’hern. Soc. 'J'ran.s. 1890, 57, 41). 
to hold 14 lbs. of bark ; Buss ((Jhem. Zeit. 

27, 81.3), for the hot extraction of several kilo¬ 
grams : Jackson and (Uarko (Amer. Chom. J. 
1909, 42, 287), for IH kiloi'rams of turmeric ; 

bert.S {ibid. 1910, 43, 418), a bjitt<ery of cells 
8epie.s for charges of 3 kilograms of corn 
meal; Halle (Bioehem. Zeitsch. 1911, 30. 245), 
to hold 2 kilograms; Schmidt (J. Ind. Fng. 
Chem. 191(), 8, 105). to remove fat from several 
pounds; McNair (thid. 838), it ri'sembles a 
Wiley’s apparatus (h'ig. 9) made on a very largo 
scale, with a bucki't m ])lac(* of the crucible; 
Schwalbe and Schulz ((Jhem. Zeit, 1918, 42,194), 
for 4 to 0 litres of material. ^ 

Manujacluring Forms. 

RotFs apparatus (Figs. 20 and 21).—This 
is omploved for extracting oil from seeds by 
means ol carbon disulphide.*. The solvent is 
stored in a reservoir, which is kept immersed in 
water to check ovajioration. A pipe frpm an 
elevated water reservoir enters at the top of tlie 
carbon disulpliide reservoir, and another pipe 
communicating with the extractor passes 
through the top of the reservoir and descends 
nearly to the bottom; so that when the tap of 
the water pipe is opened, the carbon disulphide 
* is forced into the extractor. The latter is a 
cjdindricaJ vessel, shown in section in Fig. 20; 
It is provided with a perforated false bottom, f, 
supported bv struts a, Q. The false bottom r is 
covered witK sackcloth, and on it tho^ground 
seed or oil cake is placed and filled in up to 
another perforated plate, j, also covered with 
sadccloth. The top of the extri^iptor is fastened 
on with screw clamps so as to be readily re¬ 
movable. At the b^tom is a T-piece, com- 
munioating by the opening b with the carbon 
disulpidde xeBonroir mid, by the branch o, with 
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a steam boiler. When filled and ol(.»ed, owrbon 
disulphide is forced in through B, and when it 
has dissolved the oil, fresh carbon disulphide w 
forced in at b, causing the first ^charge to 
flow down the pipe n, the entrance to which 
is protected with a strainer, and to pass to the 
distilling apparatus. A gauge, Q, shows the 



level of the liquid, and alHo allows samples to 
be drawn. 'Phe material is treated some throe 
times or so with the fresh solvent until a sample 
taken at q is found to bi^ free from oil; hall of 
the last cliarge is thim conducted through the 



tap 2 , and a pi{>e connected with it to another 
similar extractor, and the other half is returned 
to the Arbon disulphide reservoir. In order to 
recover the last portions of solvent ad]|prii^ to 
the maternal, the valve n is opened mid steiMn is 
sent in through 0 ; the carbon .disulpldde is 
thus boiled off and )>aeees through K to a 
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coodeiwcr. When ull carbon disulphide is driven 
off, tlie taps It and i> arc oponeef; the former 
allows tlio Hlcaai t() cHca|>o and the latter allows 
the cundoiiBod water it) run off. The cover is 
then removed and the extractor is emptied and 
refilled wjtli fresh luatc^rial. 

The distilling apparatas, shown in section in 
Fig. 21, IS a cylindrical vessel, into which the 
Nolution of oil is introfluced tlirougli th(^ taji e 
and pipe attachcsl whicli descends nearly to tlie 
bottom. The vessel is half iilhnl with bquid, 
the level being aHceriainod by the gauges, f, f. 
At the bottom of llie vessel are two steam coils ; 
the lower one is jictforaicd with a iiurnbcr of 
small lioles and is fed by tlio tap ii; the uf»|)or 
one is not jwiforated. and is fed by the tap J, 
and th<‘-condensed watei fronijtjwcapc's througli 
the tap At lirst, sl-eam 
ifl filowly j)as.se<l through 
the ujiper coil and lic'ats 
the carbon disulphide, the 
vapours of wiiich pass by 
the wide tube c to a 
special form of condetisei ; 
when nearly all tlie car¬ 
bon disulj>liitle has ('seajXHl, 
steam is passi-d llirougli ii. 
and, escaping by the per¬ 
forations Uirough the oil, 
romov<*fl the last, truces of 
the solvent. The ta[> n 
allows the steam l,o es(,ape 
at the end of the distilla¬ 
tion. The oil IS Jinallv run 
off through the la[) k t.o a 
reaervoir, where it isallowi'd 
to stand until the condensed 
water has separated in a 
layer {Schoodli'r’s Tih Iuio- 
logie der J'Vtic und Oele, 

188:i, i. 292). 

Levn/rs ai>]Hirulii/< (h’ig. 

22).-“-This is employi'd for 
removing fat from bones. 

The bones are filled ml.othe 
eylindrical vc.s8(d a (shown 
in section in the iignre), 
and rest on the perfoiated 
false bottom an; then all 
the tajw are closed ex<ept 
p, and sti'um is injected thnuigh the pipe 
6; when all the air is expelled, p is closed, 
and the bone>i aix‘ ke]*t in contact with 
steam undi'r prt'ssure for a time. Steam is 
t-hen sliut off. and the tajis p and one attached 
to the tube d are ojiened, and the condensed 
water is drawn off. Jn the cylindrical vessel B , 
there an.* placed equal volumes of water and 
petroleum naphtlia or otlier volatile solvent; 
tajie p and d air closed, and ta}xs <j und < are 
open^, as also are the tap q and r, to allow ! 
the water and solvent to now into a ; and r ' 
are then ehwd. and an equal volume of water 
is introduced into K Steam is now passed 
through the pipe rr, and this heata the waU'r 
whioh form.s the lower layer in a, and the heat 
ia communicated to the uppr layer of solvent. 
The vapour rises through the bones arfO pa8.®es ‘ 
through the pipe m to the small vessel o, and 
.thonce to the reflux condenser containined in d. ' 
The condens^ liquid collects in -o until it i 
reaches the opening into s, when it flows back ! 


into A and is spread over the bones by the 
arrangement shown at the top. Any vapour 
that is not condensed pusses through the pipe 1, 
and is led under the surface of the water in B, 
which is provided with a small condenser b to 
prevent the escape of vapour of the solvent to 
the air. The bones arc thus subjoctcsd at the 
same time to the action of steam and petroleum 



vaptiur and also of liquid petroleum. After 
this ax'tion liiuj gone on for some time, the 
tap g is closed und li is opened; the vapour 
evolved from a then passes to a second condenser, 
which IS contained in d and communicates with 
c—it is indicated by dotU'd lines—and the tap 
k i.s opened : this allows the solvent to flow 
from r down the tube nn and collect in D. The 
heating is continued until all the solvent is 
driven off and water only enters c ; this can be 
stien by glazed apertures in that vessel. When 
this occurs, the operation is finished, and a 
mixtuix' of fat and of aqueous liquid is &awn off 
by the niiie d, and tffe latter is used in preparing 
gfuo (1). k. 1>. 17181, 1881; and J. Soc. Chem. 
Ind. 1882, 1. 155). 

Merz's apparalm (Fig. 23).—^Tiiia apparatus 
is designed for the extraction of various sub* 
Rtanoes -with volatile solvents; it can also be 
used with animal charcoal for decolourising pur> 
poses. It consists of an inner vessel, b, wmoh 
is open at the top and is contained in a closed 
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outer veeael r. The subetanoe is filted into e t odour of flowers is due, forme an important 


through the manhole a, and at the end of the 
OMration it is removed through the manhole b. 
Tne solvent is stored in a reservoir s, ,which 


industiT; the apparatus employed is simple in 
principle, the on^ complexity being in the 
arrangement of the battery of extracting vet^ela, 


forms the lower part of tlio con4ensiug vessel t, ; reservoirs of solvent, and stills (see Gildomeister, 
and is divided from tho u])per part by the jiar- ; Dio Atheristhon Ole. 2d. ed. 1910, 20fi). 
tition d. The extractor e is filled with solvent (7arnt<r'i( apjximtus (Figs. 24, 25, and 26), 
by opening tho tap t. When the level of tho how'cvcr, ])rc8('utw hoiuc novelty j it consists of 
liquid rises as high as the top of the siphon s, a cylinder, c, n>v(»lving on a horizontal axis 
the latter begins to act and rui^ off tho liquiil inside a cylindrical vessel, v; tho end plates 


from E into the outer vessel n. The entrance to 
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tho siphon is prols^cted by the sieve arrangi ineiil. 
shown at tlic bottom of k. Steam is made to 

cireulate through the coil rrt at the bottom of It; .. 

tins causes the solvent to boil, and its vapour . paratively small quantity of solvent (Fr. Pat. 
circulates in thv. space botwee,' Ji and K, warming ^ 1 <) 04 , 341534 ; Oildemcistor, l.c. 271). 


K*)f the revolving cylinder present a number 
of circulur rings (I ’ig. 25), each of which is united 
to tho eoiTCWpomliiig ring at the other end by a 
number of rods forming an open framework 
(Fig. 26). Into the frames formed by tho rods 
long cylindrical basketH ii, b of open work con¬ 
taining the flowers can 1)6 thrust through a 
manhole, m, at the end of tlie cybndrical vessel. 
When all the baskets are in jiosition, the manhole 
is closed, and (mough solvent is introduced 
through K to cover tlie lowest basket. The 
cylinder is then made to revolve, and thus one 
basket of flowers after another is immersed 
in the solvent; as the cylinder has no outer wall, 
tlie solvent can move fn^ely through the baskotB. 
I feat can bo applied by passing Bteam through 
the spiral pipe rr, and tho vapours of tho solvent 
pass by tlie still bead s to tlu^ condenser K. 
When extraction is complete, the Bolution is 
drawn ofT by tlio tiip t. At the end of the 
oi)oration, steam t an lx; blown into the apparatus 
tnrtmgh tho tap it, and the last remnants of tho 
solvent can thus bo driven off and condensed 
in K. Tiy tins apparatus, many baskets of 
flowers can bo oxtraefKid by the same com- 


the latter and its contents, and'then passes to tlie 
oxmdensing tubes e, c, c, round whicli water is 
Circulating. Tho condensed liquid falls hack 
into E, and when the level again reaches that 
of tho top of tho siphon tlie siphonlng-off is 
rejieatod and so on over and over again. The 
RUDStance is thus submitted to intormittent 
infusion. Samples can bo drawn off at u, and 
when the extraction is found in bo complete, 
tho water that surrounds fbe tubes c, c,c is 
withdrawn. The solvent 
then boils off, and aft(>r 
condensation in the worm w 
returns to the reservoir h. 

The extract is drawn off by 
the tap V. By regulating 
the tap V, the substance 
can be mado to undergo 
continuous instead of inter¬ 
mittent infusion, if desired 
(D. R. P. 20742, 1882; and J. 

Soc. Chem. Ind. 1883,2,234). 

Van Urk (Pharm. Week- 
blad. 1919, 56, 1301) de¬ 
scribes a simple anparatu.s. 

See also tne article 
on Oils, and UbbelohdoSe 
Handbuch der Chemio und 
Technologie der 01© und 
Fette, 1908, i. 574, &c., 
where the extraction of oils 
on the manufacturing scale 
is dealt with at some length. 

The extraction of the 
volatile oiIb to which the 26. 


Extraction plant, solvents and methods on 
tho manufacturing scale are discussed by Pooley 
in The Chemical Age, 1920, 2, 121. 

Liquids. 

A substance licld in solution or suspousion 
by a liquid can often be removed by treating tho 
liquid with a solvent that is not miscible with it. 
Jn the rest of this article ‘ liquid ’ will always,MV; 
used to denote the liquid submittc^d to extraotlilfiM^ 
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no EXTRACTION 

The ordinary procedure is to shake the liquid 
and the solvent vi^oroufily together in a separa¬ 
tor, which JH H p(^ar-Mhap<*(l or cylindrical glass 
vessel terminating in a st-opjjcred tubulure at 
its broad or top cnil, and in a stopcock and short 
tube at its narrow or lower end. After shaking, 
the vessel is allowed to stand until the liquid 
and the solvent have separated into two layci’S. 
The Htoj>|>er is then removed, and the lowiTnmst 
layer tiuijs'd ofT by means of the stojicoek and 
tulK*. This treatment is re}ieat<‘d withi^fresh 
solvent until tiu' lujuid has given U]i as much as 
possible of tlie dissolvi-d or susjiended sulwtanee 
it contained 

The matlieniatical aspect of the nrocoss is 
dis<?u«8e.d by Warden and KllioU (.1. Jnd. Kng. 
(’hem. 1014, (i, JilTi and 02K), and they give (lie 
formulse— 



wiicre (I iH the volume of tln' aqueous sididion 
containing the sulwtance; c is the viduriu- of 
the solvent used to extract it, the sanie voIudk! 
of freeh solvimt being useii for each extraction ; 
a-Q is the concentration in the aijueoiis iiijuid 
(iliat is, the amount of Hubsianec in unit volume) 
before eoininencing the extraction; is the 
coneoiitration in tlu^ aqueous liquid after v 
extractions; {\ is tlu* eoncentration in unit 
volume of the aqueous Jiqiml afUT an extraction ; 
and Cj ‘■oiicentiation in the same, volume 

of the solvent after the exlnu tion. Tlic law of 
distribution of a suliataiu'e between two imiius- 
ciblo HolvontH stales that alter shaking until 
equilibrium is latablished. the value of (f. the 
distribution ratio, as defined above, is constant 
for a given fK-mpemtun*, irrtwpectivo of the 
amounts of sulwtaneo present, provided Uie 
Bubstaneo do('.s not polymerise. The law doi's 
not hold good, liowi'ver. for wide variations m 
eoncentration, and corrections must bo made 
for tho amounts that the solvents dissolve of 
ewh other. From the equations it follows that j 
tho smaller rf is, tlu' fewer extractions will be j 
required to ivduee the amount of Biilwtanee f 
left in tho aqueous 8olutii.in to an unimportant I 
quantity; and if rf is known, the number of j 
extractions requin'd to attain this can lie j 
oalouUiod. The authors have determined <1 in 
tho case of the alkaloids and of some other | 
substa.nco8. Another mathematical discussion | 
of the Bubjeet but for solids and gases is given i 
in Lewis’s Principles of ('ounter C^urremt Extrac- i 
tion (J. Ind. Eng. Ohem. lUIG, H. S25). Piniiow : 
(Zoitseh. Nahr. Otmusam. 1919, 37, 49) bus | 
invoetigatod the extraction ^by ether and the j 
distribution coefficients between ether and wafer I 
«>f various organic aeidfi. ! 

Various forms of apparatus have been 
devised to effect the extraction by automat ic 
procetwes similar to those employed fiy solids. 
Two different oases arise: one when the solvent 
is heavier than the liquid, and the other whin 
it is lighter. In the fiiut ease, tlie heavier 
solvent most pass as a iiiin of drom through 
the liqidd and escape np a side tuoe when a 
certain amount has collected, Che oUumn of 
liquid ^Alanciti(g a shorter column of solvent in 
the Bi$ tube. In tile second case, a.column of 
the Burned must be caused to acoronulate in a 
tube until » aoquirec sufficient pressure for 
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some to escape at the bottom and pass up 
through the liquid. It is important ^at ’tlm 
apparatus be so designed as to allow a column 
of sufficient height to eolloct. 

A third plap is to boil the solvent and force 
tho vapour through the liquid; for this great 
efficiency is claimed, but it obviously requires 
great care in adjusting the apparatus and rate 
: of working to the particular liquid and solvent, 

■ and the sucking back of the liquid into the 
. boiling vessel wiM!!! the latter cools has to be 
: guarded against. A cooling worm, through 

■ wliieli a current of water flows, is usuafiy 
j immersed in the liquid so as to lielp condense 

the vapour of th(i solvcTit and control the 
temperature, 

i The name ‘ periorat ion ’ has been used for 
all three plans by some u ntcrs, but it is not at 
all approjiriatc, as tJiey are not proct»sses of 
. making holi's. Pcrphinalion would be more suit¬ 
able lor till' fust two, and iiijectwji for the third. 

Various jiraciu al points liavc to be attended 
to: thus K'gmlar boiling in tlie receiving vessel 
must l»e ensured by mcanH of fragments of clay 
ijjo, or one of tlu* usual devices. When a 
cavy Molvont j.s used some should first be 
poured into tlie extraction vessel before adding 
; tho liquid so iis to prevent any of the latter 
entiinng the side tube. A tendency of the 
liquid and solvimt to form an emulsion is apt 
to cuiisi' difficult.K's ui I'arrv ing out the extrac¬ 
tion Wluii this liappens various jjians can be 
tried, such as allowing time for the liquid and 
solvent to separate, or gentle v^arming, or 
j dilution of the liquid., \Vf>Uny (Zeitscli. anal. 
Chem. ISH.'X 24, 53) says tliat at a boiling tem- 
jicratiiro an emulsion is h-ss likely to form. If 
an obstinate emulsion has formed, sucking 
through a line'pored or hardened filter, or 
rotating in a centrifugal apparatus, can be tried 
to efiect a separation, ^me authors state, 
however, that warmth promotes emulsification. 
Self (Pliarm. J. 1915, 95, 164) discusses the 
merifs of various solvents as extracting agents 
and methods of dealing with emulsification. 
He ^recommends shaking with more of the 
solvent as the best way of breaking an emulsion. 
Malfalti (Zei1?ch. anal. Chem. 1898, 37, 874), 
dealing with urine, which is prone to form 
emulsions, makes it descend a spiral of woollen 
thi'ead wound round a long central tube placed 
in an outer tubp up which ether ascends. 

Kempf (Chem. Zeit. 1910, 34, 1366; and 
in Abderhalden’s Handbuch Bioebem. Arbeits- 
mothoden) gives the following points of 
importance in tho practical working of ex¬ 
traction by ether: (A) In arranging for the 
heights of the liquid and of the column of 
ether allowance must bo made for the increases 
, in volume and changes in relative density due 
I to (ff) expansion by nso of temperature; (ft) the 
liquid dissolving some ether and so increasing 
! in volume it may be as much as 10 p.c.; (c) the 
' liquid Jn the fumibl tube at the staH hoing 
pushea down and so raising tho level of the 
liquid in the extraction ve^cl; (d) the drops 
of ether rising throu^ the liquid also addii^ 
to the rise of wvel. The ether will diwolve 
a certoin amount of water and transfer it to 
the receiver; ether can also dioiolve and trailer 
a small amount of sulphurio acid from a lh|uid 
containing it (C) If ethn hKnii slowly ^ 
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effect of a fractionating apparatus is produced, 
and^water aooumulatos in toe receiver and may 
sepanvte as a layer. Rapid boiling of the ether 
diminishee this acoumulation os water vapour 
then accompanies that of the ether. (D) The 
eUier should be as pure as possible, especially 
for extracting fat or aliphatic acids or com¬ 
pounds cosily acted on. Commercial ether, 
eepecially if it liivs been long exposed to light., 
is ant to contain H-X)^ and organic poroxi<lop. 
alconol, aldehythw, and acids. The alcohol 
would make esters witli strong organic acids, 
and the peroxides would icsinify easily oxidisablo 
^substances; they have even boon known tt> 
detonate when the. solution was eva}»orat.e(l. 
If the extraction is lengthy it is well to carry 
it on in a dark rtmin to diminish oxidation. 
Teberniao (Ohoni. Soc Trims. 1919, 115, 1092) 
suggests saturating an ,‘U(uoohh liquid with 
sodium chloride to dimmish tlic lu-ss of cthci 
caused by some lading dissolved. 

The forms of apparatus may be groujied 
into those for sinaQ quantities qf bquid in 
whicli tlie extraction \esscl is jilacod vertically 
over the receiver in which the solvent is boiled 
and to wdiich the solution returns, and those foi 
laiger quantities in winch th<‘ rcci'ivor is Hitua<.ed 
alongside tlio extraction vcssid. Another diver¬ 
sity in tliat in some the hot vapour surroumlH 
the extraction vessid ami so lu^ats the lujiiiil 
during extraction, whilst in others th(' hot 
vapour passes up a side tubii and so the liquid 
remains comparatively <ool. A third diversity 
is that 'U some the floating solvent overflows 
back into tlie receiver, wliilst in others it is 
siphoned back. 

Apparatus of tli(5 J’erpluviation Type. 

Schmirz'n npfxiratuM (Fig. 27).—This ajipears 
to have been the first ajiparatus designed tor the 
automatic extraction of liquids. The liquid is 
placed in the flask ®, and the solvent, winch 
must be lighter than tlie liquid, is placed in the 
receiving flask R, and is there boiled. The 
vapour asociicls through the tube t to the upper 
verael V, and thence through the tube c to a 
reflux condenser. The condensed solvent de¬ 
scends the tube p, then rises through the liquid 
in s, and collects as a layer above it until it 
reaches the opening into the side tube q, when , 
it overflows and returns to the flask R. This 


in the end, which is slightly ^nlotged The 
solvent from the condenser o passes ^wn this 
; tube, then escaping through the perforations, it 
ascends through tho liquid, overflows, an^ runs 
back into the receiver. The perforations must 
be small enough to prevent too rapid a flow of 
solvent, even when thcro is rapid condensation, 
or else some of tho liquid may be carried over. 
For heavy solvents, such a.s chloroform, the 
inner vessel is shaped like f.' and the funnel 
tube is omitted, or else shortened so as only 
just to roiioh the surface of the liquid in s', and 
is suspended from the top: the solvent passes 
downwards through the liquid, then up the 
narrow’ side tube, and overflows. When com- 
inencing, some of the solvent must bo poured 
into e' before pouring in the liquid, so that the 
side tube may contain solvent and not the 
liquid (J. Jiid. Eng. Ohoin. 1911, 5, 641). 

Van Rijn’s apparatus resembles Voder’s, 
but the inner vessel has three constrictions, so 
that it takes the form of three bulbs and a 
eyjindrieal npjior portion, and there are holes 


C 
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in tho upper portion for tho overflow of the 
solvent. At the lowest constriction there is a 


circulation goes- on automatically, and when on 
testing a drop of the ovorflowinfe solvent, tho 
extraction is found to be comjuete, water is 
oured down v until all the solvent overflows 
own q into R ; the parte are then disconnected, 
R is emptied, and by reconnecting and heating r, 
the solvent can be distilled off into e, leaving 
the desired sul^tance in b. At n and b are 
mercury joints, which enable connection and 
disconnection to be readily made (Zeitsch. anal, 
Chem. 1884, 23, 368). 

Yoder*$ appanUua (Fig. 28).—^This is a simple 
form of apparatus which was used to extrattt 
certain oiganic acids from aqueous 8oluti<ftis by 
means of ether. The liquid is placed in the 
inner vessel B, which is supported at d by three : 
dents in the outer tube. "Jbe vapour of the 
solvent passes up from tdie receiver through the 
imle h. If the solvent » lighter than theliquid , 
^ long funnel tube f is u^. This is closed at' 
the bottom, except for some small perfotations ■ 


mark denoting the top of a definite volume 
in the lowest bulb (Ber. 1895,28,2387). Baum’s 
apj)aratu8 for use with heavy solvente is lilko 
Yoder’s, but tl\e vessels are wider (Chem. Zoit. 
1904, 28, 1172). Lena’s apparatus is much like 
YOder’s, but to avoid using a cork ho closes the top 
of the wide outer tube loosely with a metal con¬ 
denser, which partly rests on and partly entera 
into it, and which has a pointed end to condense 
the vapour and drop the solvent into the funnel. 
Tho bottom of the funnel tube is notched instmd 
of being and perforated. For hea^ sol¬ 

vents tho tube s' is covered with a cup-shaped 
piece of nickel wire gauze. By substitutiag lor 
E a tube ending beneath in an open point H can 
be used as a peroolation apparatus for solids 
(Arbeitens&u^ Phann. Jnst. Univ. Bei^ 
1909, 7, 289). 

SchacherPa apoaraitta (Fig. 29).—Thii^ lor 
use with li^t solvents, the liquid te plac^ in 
the extraouon vessel ■,^fiUtng it* up to the 
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bottom of the neck; if insiUTicient to do this, 
it esn bo diluted. The advent is boiled in tho 
receiver », and tlic vapour paascs up tho tube t 
to tho cond(‘nHcr at <'; the condensed solvent 


1900, 22, 24) is soniewliat on tho same plan os 
Fiske’s. 

*Friedrichn' apjMiralus {Fig. 31).—^In order 
that tho drops of a liglit solvent may traverse 


drops into the funnel lube /, and when the , as hmg a path as nossible as they rise to 
column is suflicienflv l»igh, it passt^s up in drops | surface of the liquid, Friedrichs makes use q£ a 
through tiu! liquid,’ collects in tho ni^ek of k, ! gloss eontnvaii(;o s, tho surface of which is 
and ovcrIlowH bivck into ii. ! sliapcd lik<‘- tlu* thread of a screw. Jlis con- 
^ (jorks can be avoided by ' donsi^r, only the bottom of whicli is sliown in 

using ground-m joints th<‘ figure, also cmjdoys a screw dovioo. The 



{Zoilsch. Nalir. (lo^iLSsm 
11H)1, 4, b74). 


vapour of tin* solvt'ut passtw from the roeeiver 

. 11 up the side tube t, to fhc condenser c, and tho 

uppitrufiis {Fig. 'liquefied solvent falls into the funnel tube f, 
30 ).l^oi- large volumes of ; and escajHiS by ajicrt ures at the bottom beneath 
iiqiiid Fiski' has des<rihe(l the screw c<.ntnvan<<‘. and then follows a 
an apparatus which, with , winding course along the thread till it collects 
* ■ above t-lic liquid and is'siphoncil oti by tho 

tube ,s'. The funnel tube /' passes down the 
eoritro of s, into whieli no lujiiid enters, Tho 
siphon tube s runs outside the extracluui vessel 
until it K'aclu's c, where it [Husses into tho 
bottom tube aiul returns the solvent to the 
rw^eiver. The side funnel e and 


Uie (‘XC'qition of tlu; trap 
beneath the (‘omlensiT. can 
be littcil uj) with ordinary 
|il<'c<'s of apparatus. The 
ctluT or otluT ligld- solvent 
is boiled in the distilling 
flask u. and the vapour 


to H condenser. The tube t \ 
is sealed info tbis bulb, and . 
jis<‘H a sliort. Avay into it, ho | 
that the ivturning con- 
(leiis(‘d solvent is trajiped > 
and led off by tlu* tube /> to ! 
the bot.torn of a <‘oinmon : 
distilling flask !■:. eontuin- 




asei'iids through a built (’ j the tap T s<>rvt! to introduce and 
j remove Injuid from the c.Ktraction 
vessel as rccjuired (J. Ainer. (diem. 

' Soc. HH2, :14, 2S.'5; and Zcitscb. 

' angew. ( bem. 1912, 25. 158). 

' Friedrichs has also described a 
! somewbut. similar form, but with 
; the UM'oivjiig Hash at the side, in 
Flo. 29. distilling flask i:. contain-; Zeitsch. anal. (’hem. 1911, 5(*. 

ing the h(|uid, wlmb shouhr 75(>; and an apparatus f<rr using 
reach up to the bidtom fd the neck. The i liquefied gase,s as solvents for c\- 
Holvent ])ft.sM‘H uji tbn)Uuh th(' lupii*!, eol- I traction at low t.<uiipcniturcs m 
leets in the msk of i;, mul ovcrllows through 1 Zeikseh. angew. ('hoiu. lUld. 2ti, 
tho tulie <i back into ii T’lu' lujuid, when j Aufsat/.. 201 ; and in J. Auut. 
fluiliciently i^xtraebsl, is drawn off liy the | (Jhem. Soc. 1912, 25, 244. 

Biphon H. and fresh liijuiil is introduced througli | Kenijif’s apparatus attains the 
the funnel tube f, wlm h should end below the i same end as Friednclis’, namely, a 

I long eouT-se for tlio (lro])S of solvent 
1 rising througli the liquid, by siir- 
' rounding the funnel tube with a 
. flat ghvss spiral winding upwards 
I like turret staii-s. Tliis is placed 
1 in an extraction vessel, with holes 
' near tlie top for overllow', and this, 

; in turn, is plated in an outer vessel, Fin 31. 
as in Yoder’s and van Hijn’s 
forms (Chem. Zeit. 1910, 34, 1305). Kutscher 
' and iSteudol {Zeitsch. physiol. Chem. 1903, 39, 
j 473) wind a glass Hpind, apparently of thin rod, 
round tho fiftmcl tube. Kempf {(bem. Zeit. 

; 1913, :i7, 774) desorilM‘s a form in which the 
; liquid IS kept cool by circulating water round it; 

. in this, too, a spiral is used. 

* A third plan of incR‘asing the path of the 
dro|>s of solvent is to place the liquia in a spiral 
tube and make the solvent divided into small 
drop.s oMcend tlirough it, and then collect and 
return to the receiver. This is adopted by 
Partheil and Ro&o (Zeitsch. Nahr. Genussm. 
• '1902,5,10-19); by Jenisalem (Biochem, Zeitsch. 

Fia. 30. : 190S, 12, 379), w^ gives directions for extract* 

ing jiip-Uke materials; and in Koulman*s 2nd 
surface of tho liquid, so that vapour cannot | apparatus {t7uVf. 1911,34,481). 
escape that way. In an exjieriment with this | C. von dcr Htvh'ff apparatus (Fig. 32).-“Tn 
apparatus 640 c.c of an aqueous soVition con- | thi-s a fourth way of increasing the duration of 
taining 6^4 p.c. of succinic acid yielded 07 p.e. \ contact between the rising light solvent and the 
of th?Miid t<f«4her in 2i hours (Amer. Chem. J. | liquid is adopted, namely, by means of a series 
1909, 41, 510). " . ! of inverted cups fused on to the funnel tube /, 

Bowmafc’s appai^ktus (Chem. Soc, Proc. .which tits into the extraction vessel k containing 
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the liquid. The vapour from the solvent rises i revolving stirrer is described by Zelmanowits 
up the side tube and passes tlirough the hole A, 1 (Biochom. Zeitsoh. 1906, 1, 253) for extracting 
which corresponds to a similar hole h* in the large volumes of i^ueous liquid i^th light 
funnel tube f ; thence it passes to the condensing ' solvente, and a simplincation of this is described 
cup c, in which is placed a condensing spiral of | by Tolmacz (Chem. Zeit. 1913, 37, 1381). 
twelve turns closdy wound round a central The following are referonoee to other appa- 
cylinder (not shown in the figure). The lique- j ratuaes for extracting liquids by perpluviation. 
fied solvent escapes from the notched end of When the solvent is heavier than the liquid: 
/, and works its way from one cup to another Stuphani and Bocker (iior. 1902, 36, 2H98), the 
through the small holes on alternate sides sliown solvent rains through the liquid, collects, and 
in them ; as these are low down in the cups a pa.sse» down to the receiver through a tubt^ 
little solvent is held in each cup. After collecting ! with a tap, wliich has to bo adjusted so that 
above the liquid the solvent ovciHows through 7 ■ just as much flows down as falls in from the 
back to the receiver. Von der lleide also ; condeiLser. A pad of glass wool can bo inserted 
describes a still more complicated aj-paratiis | to break up emulsions. It can also bo used 
for citlier light or heavy solvents in which the ' for solids, Brcgl's apparatus fZeitsch, anal, 
cup device is employed, juid furtlujr gives a! (.Jhom. 1991, 40, 785), that of Berlin (1). li. P. 
third apparatus of the hot vapour injection type ; 261459. 1911). and that of (jreonwald (J. Ind. 
(Zeitscfi. Nalir (Jenussm. 1909, 17, 315). Aron’ Eng. Chom. 1915, 7, 621), are ingenious and 



Fio. 32 Fio. .'13. 


, compact. 

When the solvent is liglitor than the liquid: 
Neumann's 2nd apparatus (Bor. 1886, 18, 3061). 

; Eiloart's 2nd apparatus (Ciicin. News, 1886, 53, 
281), Jt re.sembles tliat in Fig. 34, except that 
the tubes are arranged so that the vapour goes 
('O the coiidciisirr and tlie liijuolied solvent passes 
down into b. Kiirbatow (J. liuss. Phys. Chem. 
Soc. 1894, 29, Li J 39 ; and Ber. 1894, 27. 3 Ub). 
Wroblcwski’s Ist apparatus (Zeitsch. anal. 
Chem. 1897, 3(s 671). Foersler (Chem. Zoit. 

: 1898. 22, 421) uses a tall cylindrical jar to hold 
th(‘ liijuid ; lio gives particulars about extracting 
! with ether soap solutioiiB obtained from fate 
' to got cholesterol and jihytosterol. Kumagawa 
, and Suto’s apparatus (Boitr. Chem. Physiol, 
Pathol. 1003, 4, 18.6) is somewhat like Yoder’s, 
hut with much more glass-blower’s work. 
Saiki (J. Biol. Chem. Baltimore, 1909, 7, 21) 
adapts an ordinary .Soxlilet (Fig. 14) for liquids 
by slipping in a Hinall bottle with a funnel tube 
standing in it. Bacon and Dunbar (J. Ind. 

; Eng. Chem. 1911, 3, 930) use a flask having a 
very wide neck about 10 indies long, in which 
is hung a test tube containing the liquid and 
funnel tube, in this neck there is also contained 


(Biodicm. Zeitsdi. 1913, 50, 386), like von del 
lleide, employs inverted cujis. 

A fifth way of increasing the contact is to 
employ a euiTont of air or other gas; this is iwe-d 
in Koolman’s first apparatus (Biodiem. Zeitsch. ' 
1911, 34, 481), and by Borl {^ee below). Emde’s 
method (Apoth. Zeit. Berlin, iy09, 24, 003) 
differs from all others by making tlie liquid pass 
through the solvent which is placed in a sepa¬ 
rator. The liquid enters in small drops from a 
jet just penetrating the upjior surface of the ' 
solvent, collects at the bottom, and escapes | 
through the tap and up a side tube; whence it j 
can TO made to pass similarly through other | 
separators. Meeker ( 8 th Int. Congress of i 
Applied Chem 1912, 17, 45) describes a seventh I 
ana very original way, especially adapted to | 
prevent emulsification. The solvent and liquid | 
form two layers in a suitable vessel, in which j 
there an*, two prmiellcrs on a vertical shaf^ one , 
in ea< 5 h layer. These propollerB are so shaped ' 
as to thrust in opposite directions, the lower one 
thrusting upwards and the upper one down- | 
wards. It is claimed that at a suitable rate of ! 
rotation of the shaft fresh surfaces of liquid 
i^d 8 <dvent can be brought into contact without 
we formation of emulsions. A fonn with a 
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the eondonser hanging from an enlargement of 
its t^ip, thus there are no ?‘orks or joints. 

When the solvent is either heavier or lighter 
than the liquid : Wollny (Zeitsch. anal. Cnom. 
1885, 24, 54 and 292). Grauer (Bingl. poly. J. 
188(5, 2(52, 475) forms on a manufacturing scale. 
Diepolder (Ber. 1897, 30, 1797), Gbckel (Zeitsch. 
angew. Chem. 1897, 683), and Hahn (Chem. 
Zeit. 1913, 37, 889) forms with movable interior 
vessels. Landsiedl (Chem. Zeit. 1902, 26, 274), 
several forms with movable interior vessels for 
use with solvents ofdiigh or low boiling-points. 

Apparatus of the Injection Type. 

MamelVn ap^ratus (Fig. 33).—In this 
apparatus the plan of forcing the hot vapour of 
the solvent through the liquid is adopted. It 
is somewhat like Soxblet’s apparatus, but the^^) 
siphon 8 is attached at a point rather more than 
halfway up the side of the extraction vetisel x, 
and reaches to the bottom of the receiver E to 
prevent tim vapour escaping that way, also the 
tube U which conducts the hot vapoar from m 
bends over and reaches nearly to the bottom 
I of B. Thus %he hot vapour is foi-ced through tiie 
I liquid, and tht condenMd solvent coBeete above 
! the surface of the liquid* until the siphon is 

I 
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tilled end put in a(dion. There ia e condonser 
at G, which liquofiea oaeaping vapour and 
rettims the aolvent to e. A similar apparatua^ 
but easier to lit up, employa instead of a a 
similar veaHcl havinji no •siphon, but a lom; 
central tul)e papsinjf down tlirough a corked 
opening at /% and reaching from a point far up 
in K to the bottom of it, so tliat the tloaling solvent 
Hows down it into ii. Tlu* top of this tulx; can 
be bent over fur a bliort diHtance if a siphoiung 
atition is dt'birctl. The siilo tuix; I passes 
Ihrtmgh tJic cork of it. thuH no glasH-hlowcr's 
work is reqiiirtid ((hizz. <-liiin. ital. 11MH>, lid, 1211). 

Pelizza's apparatus i.s an injection form 
aomewhat like Mameli's, hul the Hoating solvent- 
instead of being sipiiomd oil, ivturns down a 
central tube, ami the tube siipjilying tJm vapour 
bends down outside the extraction vessel and 
enters at the bottom ; lurthi'r, tlieic is a close- 
fitting outer easing fused on to i'., Ihrough 
wliich witter eireulates on its wav to the con¬ 
denser (dhein. Zeit. HKi-1, 2H, ISd). Moresehi 
and Siomoni’s apparatus reseinhk'a Mameirs, 
but the tube in the (‘xtraelion vessel down 
which tho vapour passes is surntunded by a 
condensing ]aek<*t tlirougli wliieli eold w'ater 
can be made to ciroulah' (Hiuid. Soc (dum. Ital. 
im, 5,151)). 

Kiloari'a Ia). apjmalti.'i (Fig. d4).—In tins 
tho lupiid is oontimxed in the tall jar K. The 
vapour of a light solvent, w inch is hoik'd in tlie 
flank K, is forced through t he liquid by means 
of the long tub(5 /, t, wliieli t-c'i’niinates in a small 
inverted funnel atlaclied by fusion. Tlie inoutii 
of this funnel is covered with a ]>iece of platinum 
foil perforatot! witli lioitts. Tlu' top of tlie jar 
is tightly corked, and the solvent, winch eolleets 
aa a layer on the Inpiid. is forced up the tube p 
to tho bottom part of a eonilenscr c, and leturnH 
to R down the tube g. (It would be better if the 
cork at the bottom of c could lie avoulcd by 
some glass contrivance.) 'I’ho tube t is given 
ooiuiiderable lieight U) jirevent any of tlio liquid 
in B being sucked back wlion R cools {('hern. 
Nows, 188(h 53, 2S1). 

Neumann, in 1885, descrilied his 1st a]iparatus 
in wliich ether va])our is fim ed into the liquid 
contained in a tall cylindneal jar and the floating 
ethor is siplioiuid back into the receiving flask 
(Ber. 1885, 18, 30tH). 

Pip employs a v<i.ssel soniewliat re.sembling 
an inverted gas jar, but having a small extra 
tubuhm' near the main tubuhin\ The liipiid 
is contained in tliis jor^ and tho vapour of a 
light solvent from a receiving flask at the side 
is forced in at the bottom through a cork and 
tube fixed in tho main tubulure, and is distri¬ 
buted through a jierforated porcelain plat.e. A 
tube which passes through the small tubulure 
and reaches to a point ahi>ve the surface of the 
liquid, leads the Uquefled solvent back into the 
i-eceiving flask. The tube supplying the vapour 
rises outside the jar and well above it and then 
bends down to reach the eork. There is a cork 
cover that supports a winding cooling tube in 
tbs liquid and a funnel (Ohem. Zoit. 1903, 27, 
706), e 

WcUny'a apparatus (Fig. 35).— ^In this 
appaxwtus an idea is borrowed from the Bunsen 
burner, nmdy, to force a jet of vkpour and a 
jet of cooditai^d solvent up thibt^h a tube 
immersed ^ ’the llqifid, thus attain^ a dose 


intermixture. The apparatus is conneotod by 
mercury joints: below to a receiving vessel, 
and above to a condenser. The vapour of the 
solvent, which can be introduced if so desired 
by the side tube p inste^ad of from the receiving 
, vessel, passes up the tube t, which rises nearly 
] to the top of tho aiipanilufi, bends down forming 
‘ an inverted U, enters the extraction vessel B at 
the bottom, and terminates in a jot. A funnel 
tube / conducts the liquelied solvent from the 
coiubnser and delivers it by a jet alongside the 
vapour ji't in the mixing tul>e m, in which an 
intimate mixture of liquid and solvent is made 
and overllowB at the top. Tho tube m is 
summnded at the top by a wider tube u». 
When the solvent is lu'avicr than the liquid 
the tube (/ 18 omplny<'d. ami is jilaced over the 
exit tube .s, whicli reaclie.s down nearly to tho 
liot-toiri of tlie receiving vessel; the pressure 




Fig. 34. 

• of tlie liquid then supjiorts a column of solvent, 
indicated in the figure by the shading, as high 
as the top of and the solvent flows off down a. 
Tho liquid is not shown m tho figure. There 
i is no siplioning action ns g is opeu at the top. 

! When the solvent ia lighter tliau the liquid the 
; tube g is removed; the solvent now floats on 
i tlie surface of the liquid and inns off down the 
I tube s. 'J'lie loose parts are suspended from the 
i upper edge by platinum wire. WoUny states 
, that tho ap}>aratus is suitable when the solvent 
I and liquid separate quickly after intermixture, 
j and that air emulsion is not so likely to form at 
I boiling temperature as when the liquid and 
1 solvent are cold. [Other authors state, how- 
! over, that warmth promotes emulsiflcatiovk.] 
' In case of an emulsion forming, he suggests 
leading aside the condensed solvent out ox the 
appoi^tus for a tiftie and allowing vapour only 
to pass in as a means of effecting separation. 
Ue also <lesoribes severe other somew^t 
similar forma of apparatus (Zditsch. anal Ohem. 
1885, 24. 47 and m). 

^^rl’s app^tuB is on the same plan as 
WoUny^B, but is even more complicated. In it 
the vapour of a light seffvent and a cuntmt <d 
air or some other gas an forced up a glass spbal 
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fAKLOaS. 

imjoMiMd ia Uw liquidt ao tbat Boms of the i MO), for chtoroform, it ord be omAj fitted up 
liquid BoeompeiiMe tbeto, the znixtore ii dia^ with ordlaaiy upparittoi, Fribeoh (Oheis* 2di 
oh*^^ at the top of the e^rd and falling back ! tOOQ, S3, 7S0}, for use with ether, ttie liquid ii 
rdoloB the main body of the liquid (Chem, Zeit« i oontdnod in an inverted Woulfe'i bottle, or by 
1910» 34, 42D). ■ Tiutbinp edqium chloride aoluticm inatoad cd 

The following arc refercncoe to otlici injec- : liquid it can be ueed to purify ethar. C. tou 
U on forzDfl't Hagemann (itor. JHDS, 26, ]D7fi}, for j der Hcirle (ZeiUch. Nahr, Genuttm, 1909, 17, 
heavy or light aolvenWt. Wroblcwaki's 2nd \ 315). Tchetiita*' See, Trana. 1919,113, 

apparatve (Zeitoub. anal, i^hem. 1897, Sii, 672), J an elaborate apparatua for foroing other 
for light Bol vents, the tube that con vet'll thq i vapour from one ilaea into an aqneona liquid 
overflowing solvent back Ui tho receiver dijis lo 1 oonlJined in unother, wiiinU ia itnmeraed in 
form a U-tube and risre again to enter the : water so that it ran be kept cold or allowed to 
receiver. There w a ta]) at the* bottom of tho ' get wurtn m dt^iir^d. A devlw i« e(a|fli>yed by 
U-tube, so that any drops of tho liquid that | which any aqucnim liquid carried awaybyttie 
cotne over can j etnovi^d ii'iw^hiog tlu^ j ether is n turned to th<‘cirl raction flaak and does 

receiver, and ak«<i iiortinn^ of the holvent can : ooi^ row ditl in rcMndving flask. When in go^ order 
taken for testing. Lentz (Chom, Zeit. JiHH, 25. : it can bo loft to work overnight. H<. H, K. 
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F> ACID, 2* NnphlL)! • 7 •^nljjhonic ac^iii 
1'. Navhtmai.£nk. 

FACTIS yncfiCii, /'amfoitiit), A 

p^oersl liTm ui^fMc-U t» mi cmIIciI jubU-r sub- 
prei^arrd frr>iii oUk 

Wbll0 SUl»tltute it: iiiacU' frv Ktiinn;^ uuljibnr 
mooochlondo into n'lliicd 

(^oIz» oil. or otJic^r un^u-hin^tiicl oil witii or 
without a>clnji\tim‘ uf |]u9hr»li'uTn ^piiit. A <;oji- 
Kidi>r»l>lo riHo oi U’rnpond iih' , tfn^ oil 

Uiickriui* and, uliru tbo U'lUtirui hoN ^no- 
oeediid fur uiiou^ii, Dn* ivJuJo jh noun'd int4> 
treys, and Hobdilii'M to an cliuHLir >o]iil, soiiiftwiiat 
rQM;inblmg rubber. It is nec(»-war 3 - to yontrc)! 
the tC7n{)oratun>, And thoroTom oidy limited 
chaivoe of Qmtenol are used. 

The )>rodoet &u additivi^ crniijiouod of the 
oil and Hul{diijT monEsdilnride, ond eonKintH 
mainly uf tli<; ^lyPrridi^s uf fatty JU‘i(l^ cotitajmug 
ehluriun and Holjdiur {U]?i:er and Ibn’n, iJahresb. 
c%em. Tcchnul 18^K), 1177 ; IJenriquiv^, (Ihcni. 
Zeit, iHO'd, 7<I7). 

Dark or Fnnch substitute is obtained by 
Jinating a vegetable oil to 200^, nucl atiiTinj;' in 
eulpbiii'. TJie liquid thiukens, and nn c<»f>lirig 
«otidine‘< to a black elastic nolid. it in Ronietimes 
prepar'd from repc^'cd nil or cotton-Heod oil 
which hue prt^viously lioon part ially oxidisiir] by 
treatment with air at a liigh tcnirieratuTt (t‘,, 

Kof;. Pat, iKUPb Sulntituteii mailU' 

factiin>d from these * blown oils * havx‘ a "p-gt*- 
leee than 1, and am accordingly known ae 
* floating snbatitutes * (v, Altacnul, Zeiteoh, 
aogew, Chom. lSfl5p 536). 

A wet method of manufacture conjiinte in 
oxidiRiDg the oil with dilute nitric acid at 100^, 
and then adding colc^bony, spirit of turpentine, 
Hodium ehloride, and eodi'um polyaulphido, and 
lioiling ttU the iaotia haa the proper consiet^ey, 
It is then finally washed, dried, and rolled (v. 
Ijntenaf. Bor, wod. Chim. 3, 147 j J. Sw, 
(Them, Ind. 1900, 673), « 

These p^arationSp however, have only a 
limited apidkatlon as rubber sukstitotes because 
of their small elasticity and insolubiUty in the 
|mna] robber solvente. AIm they mo easily hydrO' 
^Md by steam and i>ther agents. If excess of 
w and sulphur ate flat removed from the faotis 
>y treatment with oarbon aoetene, 

fra., tb^ may Inecrpoeated w^ a proportion 


' of ])un^ rubber, and tboir usufulDCMs much in* 
cres'icd (Uttnmr, 1«V. Pat. 3775116, 1607 i J. Boc, 

. Cliem. Jnd, |1K)7, lOTrS ; v. uUo ('hercheffsky, 
J>. P., 1\ 21S225. IIKW; J. «w. Chem. Ind. 
lulu, 440{ und [loll and hiscli, Manufacture 
of Kubbof (io^ds, 110), 

PAHIXIRE. A iiartiid trantdatioa of the old 
(icrnmn iiaruu ajipliod, like the term 

‘ grey-uopIM'r' 0 n%' tu iiiincralK of the teira* 

I hodritr group. Thnso arc csKcntially sulphaiiti*- 
[ nuinltcs ur suljdiorsenitce of cojiuer with the 
< getif*ral furniula where K'represents 

I copper aii<l silver, and it''' anlitndny, anonio, 
Or, uxcciptiunalJv, binmulh. In rilaily instances, 
however, Hill all ainoimtM of iron and aino (less 
often niorcury, loud, or cobalt) otC also present, 
und the formula then bi'oiMiics 
K'a 

wlicre K" rrpresenU iron, &c,, and n is a small 
fraction usually iV or i (1*rior and Sponcer, 
Mni. Mug. ISUU, xil. 202). A. Kretschiner 
I (Zeitf!. liry'.st. Min. IHIU, xlviii. 464) gives 
i Hcvival new analvsns and writes the formula 
i in tiio form Owing to this 

i - 1 - 

wide range of IsornorphouM roplaceinant, the 
actual comjiOMttion of fahlore is extremely 
variable, an is illuRtrat>od the following 
unalysw. Further, owing to the fact that 
faliloro iiHually forms intimate intcigrowthi 
witli other mincraJH, more particulaiiy copper* 
pyrites it is probable that many of the older 
analyses were made on material which was not 
iduaily pum. , 
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1, Tetrrfh<*(lriic from FrcHncy d'Oisaiw, Is^re, 
Franwi (U. T. Trior, 18U5»); 11, tetrahedrite from 
Horh&imon, KlioniHh TrusHia (G. T. Trior, 
1899); in, totrahodnt^! from Wolfach, Baden 
(G. T. I’rior, ; JV, tonnantite (‘binnite’) 
from Jbmiciitlial, Switzerland (G. T. Trior, 
1899); V, argentiferous tctrahodrite (freibcrgitc) 
from Fn*ii)erg, Saxony {H. Rose, 18*29); VJ, 
inereurial Uitrahednto {sehwartzite) from 
Schwarz, Tyrol (Weidenlnmeh, 1849). 

Many of tlie names wliich have been applied 
U> tlm inineralH of this group cxpresH these 
<lifTereneos in eompoBition. Teirahcdrib'. (hr. 
Pamltan' ) and tonnantite denote the antimonial 
and araenioal H(‘rieH respoi tively, and tlu-se are 
usually reL'urdod lui speeies ; otlier names take 
the rank of varietio.^; under these. For example, 
freibergito (Ger. ire<.sA(/d//f/*r:) is a \ariely of 
tctrahodrite eontainmg much silver; Hchwart- 
zite is a mercurial U'trahedrite ; and malinow'fikjle 
one eonl-aining lead, in the arseineal senes, oi 
tennantite, the nanieH 8aiidl)er|.M‘nU» and kupfer- 
blondo are applieil to varii'ties rich in zinc ; ! 
rionitc and annivite 1o tlioso eontaimng Ins ' 
inulh. I 

Althougli difTering so widely in ehomieal 
composition, all varu'ties of falilore are identieal 
eryHlallograiiliieally. the type of syuim<*trv being 
that, of tll(^ tetraiieilral class of tlie cubic system. 

A pronounced (.(“t.rahedral habit of the I'lystivls | 
IS cxtriMiK'ly cliaraeli'ristie of tlie auUmonial i 
membeni (hem e the naim*. tetruhednte), whilst ! 
in the ars(‘nie.al siTies (tennantite) this is often ; 
somewhat maskiMl by the greater development of ; 
the rhombic dodi'caiiedron. The colour is iron- i 
blai'-k to steel grey, and t he lustre inetalli<‘ and 
often brilliant. 'I’he fracture of jiure material | 
is typically eonehoulal, with a brilliant lustre. | 
The streak is usually Idaek. but in some speei- j 
meiLs (thosi^ containing but iittlo iron) it is j 
doi'k roddisli-bruwn; hardness, 4 ; sp.gr. 4-4- i 

c-1. ! 

Fahlore oceui's in mineral-veins in associa- j 
tion with other metallic minerals. Beautifully j 
orystollisod spocimeus have been found in many 
inming districts, notably at the Herodsfoot Mine j 
near Idskoard in ('ornwall, CUausthal in the ■ 
liarz Mountains, Kapnik in Hungary, &o. In 
the massive condition it is, at times, found in ! 
some abundance, v.g. in Nevada and Utah, and ! 
it is then an imfidrtant ore of copper. The bulk ' 
of the rich silver oros of Bolivia and Tcru | 
consist of argentiferous tetraliedrite. 

T. J. S. 

FARINA, or POTATO STARCH. The starch 
of the potato, ISolannvi tuberosum (Linn.). The 
tubers arc placed iu a cyliiftlcr furnished with 
teeth by means of whict the starch cells are 
luQgratod whilst the mtws of potatoes is reduced 
to a stiff pulp. The starch granules are washed 
out and allowed to settle in vessels of water, 
when the water is drawn off. The moiSt starch, 
after being eejwxrated from the cellulose, is dried 
and broken up between iron rollers. It is then 
ready for ite purpose, which is in the main the 
sizing of textiii'S. 

a material for the purpose of sizeng, farina 
produces when boiled a thicker paste than any 
otffer*^taroh i consequently, a smal|, amount of 
it will famish a liquor of the ^ame density 
as a muc^ larger quantity of, for instance, 
wheaten tionr. On the other hwd, the starch 


cells of the potato being exceptionally laigo, a 
certain amount of coarseness is felt in cotton 
goods stiffened by it. For this reason, it is 
i seldom used with China clay alone, but is usually 
i mixed with a greater or smaller proportion of 
flour. It is claimofl for farina tliat, since the 
potato contains a small amount of nitrogenous 
matter, it is not so prone to induce mildew in 
cotton goods as are otlier foruLs of starch. 

Fanna has a glisteiviiig appearance and a 
crisp feeling wlien pressed l)etweeii the fingers. 
It contains a larger proportion of moisture than 
any other starch, varying from 17 to 20 p.e. 
i The granules are very characteristic, being for 
! the most part huge, though irregular in size, 
and rcscmoling an oyster-shell in form, being, 
moreover, marked with smiilar occeiitric rings. 

Tlie follow'ing 1 .S the average composition of 
ordinary comiiuTcial farina 


Water . 

. l()-72 

(.Vllulosc 

. 0-30 

AmIi .. 

. 0-22 

Starch . 

. 82-70 


1(X)'00 


Farma is preferred to other starclie.s for the 
manufacture of llritish gum, its great purity 
making it especially suitabUi for tins jmrpose 
(y. vSTAJteu). 

FARNESOL, an alcoliol found by Hiiarmann 
and Rmiiiei’ in the oil of quassia flowers. It is 
found also m Tern and iolu balsam and pal- 
marosa oil, and also, by Klze ((4icni. i^eit. 1910, 
34, 8.17). m cananga oil from Java. It is 
ojiiieallv imu‘tive ; sp.gr. 0’985 at 15®, and boils 
at 145’’’-14()''' at 3 mm. 

FAST ACID FUCHSIN, -SCARLET i.. Azo- 

COLOUIUNO MATTKUS. 

FAST-BLACK, -GREEN M r. Oxazine 

(’OLonRINO MATTERS. 

FAST BLUES v. Indum NF.sS. 

FAST BORDEAUX v. Azo- colouhikg mat. 

TEK.S. 

FAST BROWN N, ACID BROWN, NAPH* 
THYLAMINE BROWN r. Azo- coloumnq 

MAKITJES. 

FAST COTTON BLUE, -BROWN r. Azo- 

COLOUIUNU MATTEliS. 

FAST PONCEAU B and 2B, BIEBRICH 
SCARLET, PONCEAU 3R or 3R B, t;. Azo- 

<X)LOURINa MATfEUS. 

FAST REDS or ROCELLIN, RUBIDINE, 
ORSEILLINE v. Azo- colouring matters. 

FAST SCARLET v. Azo- colouring mati'bbs. 
FAST SULPHONE VIOLETS v. Azo- colour¬ 
ing MATTERS. 

FAST YELLOW c. Azo- colouring matters. 
FAT LUTE D. Lutes. 

FATTY ACIDS. A numerous and impor* 
tant group of acids of the general formula 
CnHjnOo, certain members of which are essential 
constituents of tig* animal and vegetable fats. 
The Ibwest term of the senes is formic acid 
H‘(jOOH ; the highest term at present known 
is dicetylic acid C34H«*0,. As the radical 
OnH»n+imay exist in a varietyof modifioattons, 
it follows that the fatty acids tse also capal^ of 
existing in numerous isomeric forms. The fatty 
acids may, like the monovalent alcohols, be 
distinguished as primoiy, secondary, and 
tertiary. The secondary adds «ne usually 
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termed whilet the acide ooottsining the 

groups CHj'CH.'CHs'... are called nm'majacidd. 

The naturally occurring fattyacids are found 
p^ly free and partly in the form of esters. 
Formic acid is found in ante, caterpillars, and 
in the etinging-ncttlo ; butyric acid in butter, in 
{>et8piration, and, combined with hexyl alcohol, 
in Ae fruit of Jleraclpmn villonum (Fisch.); 
cerotic acid in beoe-wax ; stearic acid in animal 
fata, &c. The higher members of the eoriesi in 
combination with glycerol, forming the so-callod 
ghjeeride.'^, constitute tlie gn'ator nait of tlio 
more important animal and vegetable fata and 
oils and the different varu'tios of the wax(>«. 

The lower members of the series, formie. 


(0) When the calcium salts iCre distilled 
, with calcium formate, aldehydes are produced, 
but, when distilled ahme, the calcium salts yield 
I kclones. 

(7) Paraffins are produced by the reduction 
, of the higher fatty acids with hy^odic acid, by 
the electrolysis of concentrated solutions of the 
^ potassium salts of the aedds and by tlie dis¬ 
tillation of the calcium salts with soda lime. 

The various members of the fatty acid series 
arc (ftscribod im<lor their separate headings. 

FAVERSHAM POWDER t>. Explosives. 

FAVIER’S EXPLOSIVE v. Explosives. 

FAYALITE Olivine. 

FAYENCE V. Potteuy ami Porcelain. 


acetic, propionie, acidw, kv.^ are mobile volatile FEATHER*ALUM. A name (Gor. Feder- 
liquids, miscible with water, alc<»liol, aii<i ether in alaun) applied by Klaproth in 1802 to the iron- 
all proport.ions. As the number of carbon atoms alum (FeS04-Al2(S04)3,24Tl20) now known as 
inoreaaos, they Ix^come less soluble in water, more halotriehitc {q v.). Like alunogen (q.v.), kalinite 
oily and viscid, and le^s volatile. Thus cenan- (potasJi-alum),pickoringitefmagnesia-alum), Ac., 
thylie {heptoic) aeid t‘ 7 ll) 4 <>j is insoluble in it occurs as a delicately fibrous efflorescence on 
water; capric {(hr.i/lic) ncid solj<l shale and some other rocks; and it is possible 

at ordinary tcmperaturcM ; whilst laurie ai'id that tliesc speeios also may liavo at one time or 
and the higher homologues ennnot be another been included under the indefinite 
distilled under c»r(linary prc'ssure witlujut decom- term ‘ feather-alum.’ L. J. S. 

position. FEATHER-ORE. A popular term (Ger. 

The most important g(‘noral methods of ; Fedetf-rz) applied to a number of finely fibrous 
obtaining these acids are : minerals, ndiich possess in common a load-grey 

(1) By the oxidation of the primary alcohols , colour with metallic lustre. The material forms 
or aldehydes, r.g. ethyl alcohol acetic acid. delicate tufts or felt-like masses. Brittle 

(2) By the addition of liytlrogen to the un- ‘ feather-ore ’ is referable to jamesonito (ff.v.), 

saturated monocarboxylic acids, c.g. acrylic acid since this jiossessos a good cleavage perpendicular 
•-> propionic acid. to the length of the fibres. On the other hand, 

(3) By the reduction at high tem^icratures of flexible * feather-ore ’ may bo stibnite (SbjSj), 

hydroxy-acids with liydriodic acid or of hal(^en piumosite ( 2 PbS’Sb 3 S-,), or one of the several 
substituted acids with sodium amalgam, e.g. other fibrous sulphantimonitos of lead (Spencer, 
a-hydroxypropionie acid -» propionic acid. Mm. Mag. lf>07, 14, 207). L. 4. 8. 

(4) By heating the acid nitriles with acid or FECULOSE is the term by which the various 

alkali, r.q. acetonitrile acetic acid. commercial starch esters arc designated. They 

(5) By decomposing ketones through oxida- are best formed by the action of glacial acetic 

tion with potassium jicmianganate, c.g. penta- aeid on starch, and then washing the product 
doeylmetliylketone (obtained from palmitic with cold water to free it from uncombined acid, 
aeid) —> pontedecylie and ai-etic acids. By varying the starch base and tho time and 

(6) By decomposing unsaturated acids by temperature of the reaction, or the concentration 

fusion with caustic potash, e.g. oleic atud of the acid, an endless variety of products may 
—> palmitic and acetic adds. bo obtained according to the purpose for whicn 

(7) By decomposing tho mono- and dialkyl- they are required* 

acetoocetio esters with concentrated potash solu- Feouloso differs little in appearance or in 
tion, e.g. diheptyiacetoacetic ester -> dihcptyl- ordinary chemical properties from ordinary 
acetic acid. starch. On boiling with water, it gives a clear 

. (8) By heating dicarboxylic acids, in which homogeneous solution which does not set or 
tho two carboxyl groups are in union with tho revert on standing, gives the usual blue colour 
same carbon atom; e.g. dicetylinalonic acid with iodine, and does not reduce Barreswil’s 

dicetylic acid. (Fehling’s) solution. When a little ot the solu- 

The more important transformations which tion is allowed to dry on a clean glass plate, it 
the fatty acids can be made to undergo are as forms a clear flexible film equal to that oi the 
follows :— finest gelatin. Th6 washed feculose is neutral 

(1) Acids and alcohols yield esters in the or slightly acid, and reacts with most chemical 
presence of hydrochloric or sulphuric acids. reagents more readily than ordiniuy starch, 

(2) The halogens react, producing substitu- Uses .—Feculose has been described as an 

tion products. ideal substitute for gelatin and v^etable ^ums. 

(3) Acids or their salts, when acted on by It has b#en applied as a special t^ita finish to 

the chlorides of phosphorus, ^eld acid chlorides confer lustre and substance to textiles in the 
and acid anhifdrides. • form of yarn or cloth and also as an excellent 

(4) The ammomuni salts of the acids split off dressing for linen, lace, and silk. It is also em- 
water and become acid amides and ncid nitriles, ployed in dyeing and French clewing; ' in 

(H) Primary amiites are produced by the confectionery for makii^ jujub^ and oth^ 
i^uotion of the acid nitriles and by the action sweets, wd in paper coati^ as a size in pUon<^ 
of and sodium hydroxide on the acid ‘ chromo ’ gjue or casein. The surface prAnoed 

amides. In the latter case, carbon dioxide is in the latter qase has excdlent printing quidiUea. 
widved and the primary amine of the,next A pennanent soUitiog of feculbse can be 
lower acid' is produced. obtained by varying the original process ci 
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iDABufacttire^ and by varioiu* subsidiary treat-! 
mento it can be made to fulfil a lai^o range of | 
technical requirements (Troquair, J. 8oc. Cnem. | 
Ind. llKK), 2SS ; Fanell, J. Soo. Dyers^ Dec. i 
1908). ' 

FEEDING STUFFS. Un<Ior this bend will; 
bo eonsidered tlio piinoipu! urtifleH in use as ; 
food for live 

The inttiu cf)nHiiiu(;ntH of feeding stuib, 
apart from wat<T, an? {I) nitrogenous bodies, 
subdivided into ulbuiniuoid or protoid*sul)- 
atam^ and iiotMillmminoid bodies, such as 
amides; (2) oil or fat; (;{) c-arliohydiatKJS, in¬ 
cluding easily diL^i'Hlible sulwtaiK^os like Hugar 
or Btareh. and indigestibk or less easily digestible 
bodies of the e(!llijl(»se ty]»e ; (4) the No-<‘aJI(Ml 
‘mineral’ eonHtitui’nis which eoiintilute the 
‘ ash ’ left on iiiciiK'ration. Th(‘ri‘ are also 
frequently piosent otlier bodies, sucli as resinous 
matters, colouring nmtb'is, eti/yiiK's, an<l traeiis 
of gliicosidoH aiul oiga.nK’ bases of tin* alkaloelal 
ty|H*; bnt tbe^e exist in relatnely small qnan- 
titios, and aro uHually ignored in eonimerciul 
ouaiysoH. Small (piantitK'H of neutral or acid 
organic salto are also found in roots and green 
fodder cro|t«. 

Albuminoids or Proteins. These un^ bodice 
ooueiNting of highly com|)lox iiioloculos built uji 
by the union of niinieioiiH amino'aeid.s (.?(c 
article on Protkinm. vol iv.). Tlie various 
propoii,iouH in which those aniino-aeids an* 
combined, and tlu' presiaice or absence of some 
one or other of tlimn in t.lu^ complex molecule, 
results in there being a large variety of proteins 
or albuminoids : so that tlio ]»roteins in one 
food may pussi'SH dilTerciil- projierties from those 
in another food. Tlie albuminoids of wlieat, 
for example, hav<' pro|)ertie« wliii’h sharply 
dist/inguisli them from those of other cereals, 
such os barley, oats, or mai/.o, and tlie allm- 
minoids of the leguminous grains diller from 
those found in any o! tliese. Tlie dctaiJetf 
study of the albuminoids has engaged mucli 
attention at the hand.s of phvRJological ehoinists, 
and is gradually tlirowing light on niiicli that 
has been obscure os to the relative feeding value 
for different purposes of albuminoids derived 
from different sourees, Vractieal ex]>erience ; 
shows that a mixed diet is often productive of 
better results than a sinqdor diet wliich may 
supply the saino aggn'gato quantity of nitro- 
geneous matter. Cff the various amino-acids 
constituting the albuminoid molecuUw, some 
few. such 08 trypUiphane, cystiuo, aiginine, and 
lusUdine, even though present in relatively 
small proportions, ap]>ear to be e.sspntial to 
satisfactory nutrition, and an albuminoid 
material lacking in one of these essentials con¬ 
sequently needs to be smiplemented by anotlier 
in which the missing (actor is present. For 
example, the albuminoids of maize api>ear to 
he destitute of, or poor in, tryntophaiW'. This 
affords an explanation of the fact tliat maize, 
while a satisfactory food for stock in conjunction 
wit^ other foods, is unsatisfactory when given 
alone, its albuminoids, owing to tlie lack of 
tryptophane, being but imperfectly aafimilated. 
The aaditioD, however, of a small quantity of 
otttei^ood containing alhuminoids of which 
tryptophane happens to be a , ^nstituent, 
renders tlMl maize jj^tein assimilable, and 
enables the animal to obtain the fuU advantage 


of the feeding matter contained in the maize. 
Albuminoids consist of carbon, hydrogen, 
oxygen, nitrogen, and a small quantity of 
sulphur. On the averi^e, they contain 16 p.o. 
o! nitrogen, and o-rc usually calculated from the 
nitrogen present on this assumption. In some 
foods [nee v/fra) the propoHion of non-albuminoid 
nitrogenous cornpouiKls is suflicient to make it 
desirable to sejiarato these in analysis, and to 
calculate the alhuminoids from the true proteid 
nitrogen only. Jbit in most concentrated foods 
it iR conventional and sufficiently near for 
pra<‘tical purpos<‘s, to calculate the albuminoids 
by inultiplying the total nitrogen present by 6’25. 

Tlio chief function of albuminoids in food is 
to Iniilil up the nitrogenous tissue of the growing 
animal, and to replace the daily nitrogenous 
wasto duo to the normal processes of meta¬ 
bolism. Hence they have long been called 
‘ llcsh-fornioi’s,' in contradistinction to fat and 
carbohydrates Albuminoids, however, are also 
cajialile of being partially transformed into fat, 
and ivl.so of generating heat and motive energy 
by thoir oxidation. These functions, however, 
aro mainly performed by fat and carbohydrates. 

The (ligestion of albuminoids is effected 
I mainly by tlie action of pepsin, secreted by the 
■ stoniac h and of trypsin, which is a constituent 
of the ])ancreatic juice. By those ferments, 
they are convert<.id into soluble bodies, peptones 
; ami alburaosos, and finally broken down into 
tlicir constituent amino-m-ids, which are then 
absorbed into the animal system, forming the 
materials for the reconstruction of the various 
proteins or albuminoids of the body, or used 
dirt'C-tly for tlio production of energy. 

The non-albuminoid nitrogenous constitu¬ 
ents of food, chiefly amides, are soluble and 
need no digestion. They do not form muscular 
tissue, like the albuminoids, but they yield heat 
anil energy, an<l to some extent help to preserve 
the nitrogenous constituents of the body itself 
from wasto. 

Oil or Fat. A large number of fats are found 
in vegetable tissue. For tlio main part they 
ur(‘ triglycerides of one or other of the series 
of bodies known as tlie ‘ fatty acids '; hut they 
also include in some cases small quantities of 
wax or fat in, which the glyceryl radical is re¬ 
placed by that of some solid alcohol like phyto- 
sterol. Lecitliin, which is present in small 
quantities in seme vegetable substances, is a fat 
containing nitrogen and phosphorus. In the 
analysis of feeding stuffs, toe matter extmctable 
by ether is usually assumed to bo fat. though in 
the case of some foods small quantities of 
resinous bodies are included in the extract, as 
well as chlorophyll. 

The function of fat as a food is to build up 
the fat of the body and to furnish heat and enei^ 
on its oxidation or oombimtion in the blood. 

Fat is digested and rendered absorbable into 
the blood mainly by the action of bile, aided 1^ 
the pancreatic secretions and those ^ viunoua 
, intestinal glands. 

Carbohydrates. Sugars of various types 
, occur in feeding stuffs, sometimes in insignificant 
: quantity, as in ordinary gr^ sometimes in 
I large quantity, as in some roots, the feeding 
vahie of which lies prinoipaliy in these eon- 
I stituents. Thus mai^olds ana beets oontain 
. BucToee or cane sugi^, jr^Qst tnmi]^ oemtain 
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deztroBe or * grape sugar.* In addition to au^ftis ] and the feeding valoe of ^e pentoses whioh 
of the hexose type, some fodder plante yield < they yield is pr^bly small, 
sugars of the pentose t 3 rpe. Sugars, being function of carbohydrates is to supply 

s^ble, need no ^digestion.’ the main quantity of fuel for the generation of 

Starch, wiiich is practicaliy perhaps the most boat and the piwuction of meohanioal force, 
impcutant of the carbohydrates, consists of and, wiien those necessary requirements are 
oiganised cells which are insoluble in cold water fulfilled, the excess serves to build up fat in 
though capable of being gelatinised and partially the body. 

di8smve<i by boiling water. Starch is con- Mineral matters, or ‘ ash constituents,’ are 

vertible bv mineral acids into sugar (dextrose), tlic residues left on incineration of the hetero- 
and is r^olved by certain ferments, both goneqM^ moss of orgaruo compounds and salts 
vegetable and animal, into the soluble bodies contained in the food. Probably most of the 
maltose (malt sugar), and dextrin, a viscous ‘ mineral ’ matter thus obtained exists in the 
body devoid of sweetnesK, The latter resolu- food in organic combination. The chief oon- 
tion is effected by the ferment ptyalin in the Htitiients of the ash ore phosphoric acid, sul- 
saliva, and also by a ferment contained in phuric acid, calcium, potassium, and m^nesium, 
the pancreatic juice. The acid secretions of with smaller quantiti^i of iron, sodium, and 
the stomach also act on starch, ami the maltose <;hlorine, and traces of lluorine. Silica is also a 
and dextrin are further moditied into dcxtro.so large constituent of straw, and is found in grass, 
during passage through the intestines. Otlier elomeute are no doubt commonly present 

C^ulose. Numerous substances arc grouped in minute traces, 
under this head. The typical form of cellulose The function of ‘ mineral ’ matters in foc^ is 
is cotton. Material of this nature forms the to build up the main substance of the animal 
coating of vegetable, cells, and consequently the skeleton and to provide the material necessaiy 
whole ‘ skeleton ’ of a plant. Jlut it is modified for forming the saline constituents and inoiganio 
in composition in diiTorent tissues, and sometimes acids of the blood, gastric juice, and other nuida 

S ';islly assumes a woody form, as lu straw and and sc(;retions of the body, as well ofl to supply 
. In food analy8(is, the various forims ol eleraciits, such as phosphorus, sulphur and iron, 
iloso are called ‘fibre,’ and are determined which form intogr^ parts of the blood corpusolee 
by boiling the food suece.'iHively in weak mineral and of muscular and other tissues, 
acid and weak alkali, and extracting with The general composition of some of the 

alcohol and other. The residue is usually various feeding stuffs in common use is stated in 
drecribed as ‘ tibro ’ or ‘ crude fibres’ or some- the accompanying tablt^s. The items given are 
times as ‘ indigestible fibre.’ The lust dcscrip- moisture (t.r. loss on drying at I00°(’.), oil (ether 
tion was given on the assumption that the extract), albuminoids, digestible carbohydrates, 
artificial digestion referred tt) was equivalent in fibre and mineral matter (ash). The term 
ultimate effect to the digestive proc^esisea of the ‘ digestible ’ as applied to carbohydrates here 
animal. But modern research has shown that merely moans rendored soluble during the 
bodice of the cclhiIo.se type whicli resKst the process of successive boiling in weak mineral 
solvent treatments referred to ore to a variable acid and weak alkali (for <iotaiIfl see Methods of 
extent partially digestible, especially by mini- nnalysin, ivfra). The question of Mtufu 
nants. This digestion is probably mainly digestibility by the animal will be considered 
effected by the action of bacUiria in the largo further on. The term ‘ albuminoids,’ except 
intestine. A ruminant can digest much more wiiere otherwise specified, means total nitrogen 
oelluioso than a horeo, and a horse much more multiplied by fi'25, as is conventional for the 
than a pig. The very tliorough mastication of pui-jioso of commercial analysis. It has be«i 
the ruminant bettor prepares the fibre for such already pointed out that the whole of the 
digestion as is possible than does the imperfect nitrogen in foods is not present in the proteid 
mastication of the home or the still more im- form, some portion being in the form of amides 
perfect mastication of the pig, afart from the or similar bodies, but that in what are generally 
anatomical ^fferences in the digestive tracts of called ‘ concentrated ’ foods, such os seeds and 
the respective animals and the ^lative abun- seed products, the proportion of non-elbuminouJ 
dmice of bacteria capable of effecting cellulose nitrogen is relatively small, and not worth 
digestion. How much the physic^ or mechani- differentiation for the ordinaiy prMtical pur- 
cau condition of the fibre lias to do with its nc^os of comparison of one sample with anower. 
digestion has been demonstrated by Kellner, For instonce, in barley, oats, maize, wheat, and 
who found that, when straw fibre was die- rye, the actual ailyiminold nitrogen is from 90 
integrated by boiling with soda lye under pres- to 96 p.c. of the total nitre^en; in cotton cake, 
sure (as in the preparation of fibre for paper linseed cake, and ground-nut cake, and in ^ 
making), the fibre had a digestibility coefficient brewers’ grains, about 96 p.c. in peas and beans, 
of 56 to 00 p.c., whereas, in the unprepared about 90 p.c.; in rice meal (rice bran), about 92 
straw, it was only 42 p.c. But tiio ene^y p.c.; an^ in wheat bran, about 86 p.c. In straw 
spent by the animal in the partiad digestion (a ripened stem, it may be noted), the proportion 
of some forms of fibroirf* fo<xte. sonmtimes i is about 90 p.c. In meadow hay it is less, 
exceeds the enei^y-producing value * the j namely, about 87 p.c. In youi^ or I m m a tu re 
material digested, so th%t the result of the j grass or clover, the proportion is only from 
d^estioQ process may sometimes be of even i about 70 to 76 p.c., and in grass or cdover pre- 
i^ative vidue. ' served invhe moist state as suve it may he only 

Other insdiuble oarbohydrates are thcMe of | 60 to 60 p.c., owing to partid dMrada%9B»^ 
the pentosan type, which yidd pentose sugars , the albunuftoids by rermentation. In rootet the 
on t«re.tment with adds, bat the conditions j proportion of albuminoid to total njtoogen may 
^Peotiag their digestion are not wdl nndeoBtood, i fall below ^ p.c. (as in jAu^olds). Is 'l^nnipa. 
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MiTotifl, and jjotatoefl, it is front about /H) to 00 
p.c.» and in cabbagos probably about 70 p.c. 

Befuro referring to the tabulated statement 
of composition of various foods, tho reader should 
bear in mind that the analyses given arc in most 
casoH tyjuciil only <d the average com|>OHition of 
oacii, and titat eoiisulerablo differences (»c(!ur 
botwc'cn diff(‘rent Hainples, which is, indcif'd, the 
mwon why many of tlu-m are ordinarily sub- i 
jeeted to analysis for the jiurjjoses of eommereial i 
transachons. 'I'hese variations are oftei^ con- ■ 
siderahle even in tmtuial grams such as oats, 
hut are especially notable in the case ot what . 
mav l'<‘ called ‘ inanufactunMl ’ heeding stuffs i 
Hucli as oil cakes. The feeding value of th(“s«“ is j 
largely atlocled by the extent to which tlie oil 
has lieeii iiitwsed from the seed. Thus Imseed ; 
cake, if lightly pressed, may contain ITi or 10 ji.c , 
of oil. Under m(‘diuin pressuie, it may civntain ; 
12 p.c.. and would still be regarded as rieh m oil. | 
Vei'y commonly it is prcsseil down to 10 ])C., 
while very In^avily pi'cssed cake has olkn only i 
7 or 8 p.c. of od, and somciunes, thougli lately, ; 
ttfi little 08 0 or ♦> p.c. Sometune.s (or ofttm in 
tho case of cotton cake) tho cake is ground and j 
Hold us meal. In such cases, it- is ('sjx'cially i 
important to have n-gard to the od, as oil is i 
largely extracted from some seeds, not by j 
pressure, but by exhausting the linely ground j 
seed w’it.h a volatile solvent siicii os petioleurn ] 
spirit, in winch case it may liave only 1 ]i of 
od. This jiroecsK is largely applunl to rape setsl, 
soya lM‘ans ami jialm-kernels. Again, in the cose 
of linseed or rape cake, the jiercoiitage of albumi¬ 
noids varies largely with tho variety <if seed from 
which the cuke is made. Linseed cake, made 
from East Indian linsci'd, may colitam from • 
about 25 to ulxmt lU) p.c. of albuminoids ; cake 
from Russian linseed, about 27 to about 35 p.c.; 
whilst c-ako made from American Weskrn lms('<)d 
somelinv'fi contains m'arly 40 ji c. of albiiminoida. 
Tho oomposition of uiideiJorticHted cotton-seed 
cake varies according to wlictlier it- is made from | 
the large smooth Egyjitian seed or from the 
small thick-shelled ami cotton-coated Indian 
variety. In the case of decorticated cotton¬ 
seed cake-—mivde from Amoncan woolly seed 
stripped of its husk or ‘ hull ’—the qualdy of j 
tho cake or meal do|M‘nds largely upon the i 
perfection with which the sheUing process has I 
been carried out. Often tlu' separated shells 
are ground and partially put back after the 
decorticated seed lias betm crushed in the mills 
and tho cakes n'ground to meal. Some foods 
are residual jiortions of grains, tlio main ]>art of 
which is used for human food—as, for example, 
wheat-bran, rice meal (real|y rice-bran), and 
numeroiia fooils made from varums fractions 
of tho maize kernel. These are necessarily of 
variable compoeition, occoivling to tho method 
and degree ox separation from the other parts of 
the cram. , 

Owing to tho importance of albuminoids in 
feeding, and to their spci'ial value fur milch 
QOWB, and for balancing the natural poverty in 
albuinhioids of natural fodders such as roots, 
‘ coaoentrated * food stuffs are sometimes graded 
aooordiag to their richness in albuminoids. 
ThpiMdooorticated cotton cake or meal, ground- 
nut cake, and soya-bean caike or meal, 

may he doi^oribed as very rich in‘albuminoids 
(40 to 50 p.c.); linseed oidce and rape cake as 


rich (say 26 to 35 p.c.); undecorticated cotton 
cake, beans, peas, and dried brewers’ grains as 
moderately rich (20 to 25 p.c.); whilst wheat, 
oats, rye, barley, maize, feeding flour, rice meal, 
bran, pollai’ds, and millet, would be described 
as relatively poor in albuminoids (10 to 18 p.c.). 

Jn the (rase of fodder crops, such as grass and 
hay, the coniposiUou Yarn's much with the stage 
of growth at winch they are cut, as well as 
with the spi^cios of plants which constitute 
them. 

The rclativi; rnanurial value of tho excreta 
yicldeii by the consumption of feeding stuffs 
di'pends Jargi'ly on Iho pro[)ortion of nitrogen 
they <-()iitaiii, and to a minor (ixlimt on the 
phosjihonc acid an<l jiotash contained in their 
ash. This aspect of tlieir value is too complex 
to be filtered upon here. A very full discussion 
of this ])art of tlic subject by Voelckcr and Hall 
in tho light of modern investigation, especially 
with regard to tho question of compensation for 
iino.xhaiisted inanunal value under tho Agri¬ 
cultural Holdings Act, will bo found in the 
.lournai of t-lie Royal Agricultural Society for 
l‘K)2 and 1013. 

Digestibility of feeding stuffs. It never 
happetLs in jiroitute that an animal digests tho 
wliolo even of iho potentially dige.stiblo matters 
in its food. TJio^piantity digested depends not 
only on the inherent potential digestibility of 
the food, but also on iho species, age, condition, 
and individual eonstilutiori of the animal, and 
tlie quantity and quality of the food supplied to 
it. A larg(^ number of experiments iiave, how¬ 
ever, IxHiii earned out, chiefly in Germany and 
in America, to ascertain as nearly as is practi¬ 
cable thi‘ proportion of the various kinds of 
nutritive matter actually digosted in most of 
tho feeding stuffs in use on the farm, the experi¬ 
ments having boon made with the various farm 
animals, ruminant and non-ruminant. The 
eoiuposition of tlio food supplied to tho animal 
is ascertained by analysis and its quantity 
weighed. Tho fseces are collected, weighed, 
and analysed, and the difference gives tho- 
quantity of each constituent digested. Tho 
oxporimeiits are carried on for a suflii-iont length 
of time to eliminate as far as possible errors duo 
to previous feeding, tlie results for tho first few 
days being n%h'ctcd. The results, especially 
m tho case of poor and bulky foods, are vitiated 
! to some extent,by such of the secretions of the 
alimentary can^ as are voided with the excreta; 
while the results obtained with concentrated 
foods are complicated, and probably vitiated 
by tho fact that such foods, in the case of rumi¬ 
nants, must necessarily be mixed with large 
<luantitioH of bulky fibrous fodder, any varia¬ 
tions in the digestion of which, brought about 
by tho different conditions of feeding, become 
crtnlited to the account- of the concentrated food, 
i which cannot be tried by itself. Despite these 
and other sources of inexactness, tho study of 
the re&ults of a ndmber of experiments gives 
the merest a}>proach we can get to a faithful 
estimate of what proportions of albuminoids or of 
fat or of carbohydrates will 'probably be digested 
and utilised in the avenge circumstimoes of 
farm feeding, and much credit is due to such 
investigators as Kuhn, Wolff, Kellner, Zunta, 
Armsby, and others for their long and patient 
i labours in this field of wofk, in which the pursuit 
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— 

Moisture 

OH 
or fat 

Albu- 
mlBoido 
(stotal 
nitrogen 
X6 25) 

Digest¬ 

ible 

carbo¬ 

hydrates* 

Fibre 

Mineral 

matter 

(ash) 

Sand or 
slUoloua 
matter 

In ash 

Cotton cake, decorticated 

Do., do., undccorticatod, from 

8-0 

11-5 

44-0 

234) 

6-5 

74) 

— 

Egyptian seed 

1.3*5 

C-5 

22*6 

330 

19*0 

66 

0-4 

Do., do., from Bombay seed 

120 

4*5 

•19*0 

35*5 

2241, 

74) 

1-6 

Soya'bean cako 

Earth-nut (arachis) cako, do- 

125 

7K) 

42-0 

28-6 

4*5 

6-6 

0-5 

corticated .... 

90 

lO-O 

61-0 

21-3 

3*6 

6-2 

1-3 

Do., <Io., undccorticatod 

8*7 

8*2 

32*0 

24*0 

21-5 

6*0 

1-8 

Linseed-cake .... 

11*5 

11*0 

28*0 

34-5 

8*6 

6-6 

1*0 

Sunfiowor-sced cake 

70 

100 

30-5 

24*6 

21-0 

74) 

10 

Poppy-soed cako . . 

10-5 

8*5 

38*6 

20*5 

9*0 

130 

1-3 

Raj>o cake .... 

10-5 

100 

330 

2»-8 

94) 

7-7 

2'0 

Sesame cake . . * . 

00 

12*0 

390 

23 0 

64) 

12-0 

20 

Beans, English 

140 

l<> 

25-5 

49*6 

6*6 

3-0 

_ 

Peas, do. 

Coooanut (copra) cako 

Palm kernel cake or meal (jiroshi'il 

14*0 

1*7 

22*6 

53-3 

6*6 

34) 

_ 

00 

10*0 

21*0 

42*5 

12-0 

8-6 

0-3 

— not solvent-e-xlractod) 

10*0 

9-0 

in*o 

41-2 

20*0 

3-8 

_ 

Do., do., solvont-exlractcd 

100 

1-8 

17 » 

45*0 

21-7 

41 

— 

Dried brewers’ grains 

100 

7*0 

20*0 

42*6 

10-0 

4-6 


Wet do. do. 

7(»-0 

1-8 

5-3 

11*4 

4*3 

1-2 

__ 

Wheat bran ^ . . . * . 

13 0 

4-0 

140 

65*5 

8*0 

6-5 

...... 

Do. polLirds 

130 

60 

10*0 

67*0 

5*0 

4*0 


Do. middhnga 

12-0 

4*0 

lC-0 

01*0 

4 0 

30 

— 

Wheat ..... 

13 5 

1*0 

12*0 

08-9 

1*9 

1-8 

_ 

Oats ..... 

13*5 

4r> 

11*5 

58*5 

90 

3*0 

_ 

Rye. 

13-4 

1-7 

11*5 

09-5 

1*9 

2*0 


Barley ..... 

14-3 

2*5 

11*0 

05*2 

4*5 

2-6 

___ 

Maize ..... 

130 

4*5 

10*0 

090 

1-5 

1-4 

_ 

Rico meal or rice bran, Rangoon. 

8*6 

J5-5 

12-5 

48*7 

0*0 « 

8*8 

1*8 

Do., do., English . 

100 

10*0 

11 5 

64*0 

6*5 

8*0 

2-4 

Fish meal « , 

14 0 

6-6 

O.'iO 

_ 

•6 

25-0^ 

Dned y- a^t . 

7-4 

10 

45‘5 

33 li 

22 

100 



' Ciiit;U> cajciulu phosphate aud a htUc salt. 


Average or Typical Composition of Moist or Bulky Farm Fodders.* 


• 

Moistxure 

Oil or 
fat 

Nitrogenous 

substance 

Digestible 

Fibre 

Mineral 

matter 

(asli) 

Albu¬ 

minoid 

Non* 

albu- 

ndiioid 

carbo¬ 
hydrates * 

Pasture ^ass .... 

7G-7 

0-9 

2-9 

M 

10-9 

6*2 

2*3 

Clover (M)out to flower) . * . 

81*0 

0-7 

2*6 

0-8 

8*1 

5-2 

1*6 

Meadow hay, rich . . 

15*0 

2*3 

10'2 

1*8 

39-5 

240 

7-2 

P. „ medium. 

15*0 

2*2 

8*0 

1-2 

420 

25-4 

0-2 

,» poor 

14*0 

20 

6-3 

0*6 

4M 

31 0 

6-1 

Clover hay, medium 

10*0 

2-6 

10-8 

2-6 

37*2 

26-0 

6-3 

Oat straw ..... 

14*5 

20 

4“*0 

37-0 

36-8 

6*7 

Wheat stiaw .... 

. 13*6 

1-3 

3-3 

39-4 

37'I 

6-3 

Barley straw .... 

14*2 

1*6 

3*5 

39-1 

30*0 

6*7 

Bean straw .... 

18-4 

M 

8*1 

314) 

364) 

6*4 

Pea straw. 

13*6 

1-6 

• 9-0 

33-7 

38-6 

e-e 

Maize, ailago . . . 

79-1 

0-8 

1*0 

0-7 ' 

11*0 

60 

1*4 

Mangolds, large .... 

8#4) . 

01 

0-4 

0-8 

7-7 

10 

14) 

»» small .... 

87-0 

01 

0-4 

00 

10-2 

0-8 

0-9 

Swedes . . , • . 

893 

0-2 

0-7 

0-7 

7-2 

M 

0*8 

Tura.p, . . , 

91-6 

0-2 

0% 

08 

8-7 

0-9 

0-7 

Potatoes . 

76-0 

0-2 

1-2 

0-9 

214) 

0-7 

liO* 

FicW, cabbages • • « . 

88-7 

0-7 

1-7. 

0-8 

71 

2-4 

1-6 

Carrots. 

87-0 

0-2 

07 ' 

0*6 

9*3 

• 

la 

14) 


'dlSMtibla' U bens meant dincrfvsd by auc^elva bofUng !& «;ld end aikaU (m M^hodt of smtMvfe. 
* ComtiiiM from avarasea calculated and tabuhUed by B. Wartattoa. 
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){ truth ia impeded by »o many pitfaHe and , 
jbataoleB. Ruminanto have a better power of 
ligestion than horses, ospecially tor fibrous 
foods, and in tins rosw'Ct horses are better 
liifostors than j)igs- r lie following figures, 
5 xtrft(’tc<i from iv Uihlo cronpiKMl by Kellner. 
»how the avomg(‘ nvsiilt,n obtained with ruminant 
minittlH as tlm (piantity of albumuKfids, 

fat, ‘Holubh-’ carlH^hydrati^, an<l fibre, out of 
I0(i parts of each of* tlioso constituents, when 
mpptied in the fonn of the more cowmon 
feiling stullH. By ^soluble ’ carboliydrates are 
hero meant tlioso dissolved by succeshivo 
boiling with diliiU' acid and dilut'C alkali, usuall]^' 
termed in commercial analysos ‘digestible.' 
A.S the latter word would lime he ambiguous, the 
alternative tierm ‘ soluble ’ is used. (In (Jcrnian 
works this iU-m of ‘ soluble carbohydratxis is 


sTuum 

usually rendered aa ‘nitrogen-free extract.) 
It wiu be noticed that with some foods, W 
experiments have boon too few, havii^ regard 
to the difficulty of such work, to lend any very 
; strong validity to the figures. In other cases, 
the numlier of trials engenders more confidence 
in the probable general truth of the averse 
I figures, but it will bo seen oven in these cases 
! that the range from minimum to maximum 
quantities digested in tlie experiments averaged 
IS sometiim* wide. _ 

Energy equivalents of feeding stuns. The 
: ultiiiiate pliysiological value of any food consti- 
' tuent IS largely dependent upon the quantity of 
ifotential energy producible by its oxidation in 
the system, or by the oxuiafion of the equivalent 
body .<ul)stance that it replaces. This energy 
may Ik' manifest in maintaining the heat of the 
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Malifrs digrsted out of 100 varts of each cowtiturnt when suppled in the feeding .stuff 
aperijird in tfie first colimn {from K< liner). 


Cotton cako, decorticated 
Cotton cako, undocorticatod 
Soya beaus . 

Earth-nut (arachis) cako 

Liusood (take . • . 

Sunfiowor-secd cako 
Poppy-sooti cako 

Rape cake 
Beam . 

Peas . . 

Sesamif cako . 

Coooanut (copra) cake 

Palm-kemcl meal . 

Dried brewers’ grains 
Wet „ t* 

Wheat bran . 

Oats • 

Barley . « 

Maize . • • 

lUoe meal or me l:wan 
Pasture grass (April—May) 

Me»dowgrM8(June) 

„ „ (Ootobor) . 

UMfew Iwy, rich . 


\ Range 
(Average 
\ Han go 
\ Average 
i Range 
) Average 
(Range 
j Avorago 
iilango 
(Average 
Average 
Average 
4 Range 
^ Average 
4 Range 
) Average 
4 Range 
^ Average 
Average 
1 Itango 
^ Average 
4 Range 
^ Average 
4 Range 
) Average 
4 Range 
I Average 
1 Range 
j Average 
t Range 
I Average 
i Range 
I Average 
4 Range 
j Average 
4 Range 
j Average 
4 Range 
\ Average 
Average 
Aforage 
(Range 
I Average 


F»t 

Nitre- 

Reuous 

‘Sohib'e’ 

carbo- 

Fibre 

Number 
of luves* 

substance 

hvdratcs 


tigations 

93-100 

84-90 

44-71 

0-100 

( 14 

94 

80 

07 

28 


80-10(1 

72-77 

46-00 

2-24 

i >0 

03 

77 

52 • 

18 

80-94 

87-91 

62-76 

0-71 

[ 4 

90 

89 

69 

?,Ci 


80-97 

09-98 

09-98 

o-:)2 

( ’ 

90 

84 

84 

9 

80-97 

80-90 

00-90 

0-92 

I 

92 

80 

78 

32 

88 

90 

71 

30 

4 

92 

79 

04 

61 

3 

00-94 

65-02 

66-85 

0-34 

i 7 

79 • 

81 

70 

8 

s ’ 

50-100 

77-100 

82-100 

0-09 

1 30 

83 

87 

91 

58 

50-75 

83-90 

93-04 

26-66 


05 

86 

93 

46 

s * 

90 

90 

50 

31 

4 

90-100 

75-84 

80-86 

54-73 

1 6 

97 

78 

83 

63 


94-100 

72-77 

75-79 

25-54 

l 3 

98 

75 

77 

39 


81-03 

63-78 

61-67 

19-77 

( 

88 

71 . 

60 

48 

84-89 

71-74 

66-74 

33-46 

( 

80 

73 

62 

40 

61-100 

61-100 

40-88 

0-68 

( ” 

71 

79 

71 

26 

63-100 

67-94 

66-94 

2-47 

1 46 

80 

76 

76 

28 

78-100 

63-77 

87-96 

— 

i 4 

89 

■70 

92 

— 


81-99 

68-84 

87-100 

46-100 

1 23 

89 

72 

95 

68 

82-87 

48-66 

67-92 

0-51 


85 

, 57 

• 80 

16 

63-68 

71-79 

76-84 

70-76 

1 A 
* 

66 

76 

79 

73 


62 

70 

76 

66 

i 

46 

66 

61 

62 

4 

46-68 

60-73 

68-76 

68-80 

1 48 

67 

66 

63 

83 

$ 
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Meadow hay, medium 
„ „ poor 

Clover hay, best 
„ „ medium 

Oat straw 
Wheat straw 
Barley straw 

Bean straw . 

Pea straw 
Green make plant 

Mangolds 
Swedes 
Turnips 

Potatoes 
Cabbages 


ilago 


\ Range 
1 Average 
\ ^nge 
I Average 
\ Range 
I Average 
\ Range 
< Average 
^ Range 
"I Average 
i Range 
(Average 
\ liauffo 
\ Avciago 
\ Range 
^ Average 
Average 
Average 
J Range 
/ Average 
i Range 
^ Average 
Average 
(Raiigo 
I Average 
\ Range 
J Av(;rugo 
Av(Tage 


61 

49 

44-74 

03 

33-63 

63 

14-61 

30 

17-44 

31 

36-43 

39 

49-lK) 

67 

4G 

72 

05-90 

«() 


93 

? 

T 

84 


Nitro- 

cesous 

suDstance 


49-07 

67 

35-01 

60 

60-71 

Of) 

48-69 

64 

12-60 

33 

0-20 

4 

17-27 

26 

45-54 

49 

60 

65 

22- 67 
61 

44-89 

70 

62 

67-90 

73 

23- 88 
61 
80 


' Soluble * 


Nambn 

carbo- 

Plbie. 

of tnvM' 

hydrates. 


tisattoas 

63-73 

64 

60-71 

60 

1 104 

49-65 

46-64 

( 

59 

66 

63-76 

38-64 

1 

70 

49 

67-69 

64 

38-62 

46 

i 46 

33-55 

42-86 


46 

64 

29-JO 

42-69 


37 

60 

38-67 

63-68 


63 

64 


64-73 

34-63 

1 ® 

68 

43 

64 

52 

2 

73 

67 

16 , 

66-77 

66-83 

\ * 
{ 26 

67 

71 

91-160 

0-43 

1 22 

95 

37 

90 

? 

2 

88-97 

0-100 

i 10 

92 

61 


82-99 

T 

1 30 

90 


96 

74 

2 


body, or ni the inccluvnical work elleeied in the 
various movements of th<i lK>dy, including loco¬ 
motion, the pulsation of the heart and (circulation 
of the blood, and the mechanism of rospiratum 
Not a little of the energy latent in coarse fodder 
18 expended in the mere work of mastication and 
the other mechanism of digestion. The excess 
of digested food over that portion spent in 
maintaining the temperature and etlecting the 
movements incidental to quiescent existence, is 
stored up as body inorease (as in a fattening ox) 
or used in the production of tlio fu'tus or of 
milk (as in the case of a cow). In the case of a 
working animal, such as a horse, the excess of 
food (digested is spent in the prcKluction of 
external mechanical work, such as traction ; and 
BO, of course, with a ploughing ox. Tho ulti¬ 
mate potential cnei^y of a food-etiiff is measur¬ 
able by the heat generated by its complete com¬ 
bustion in oxygen, now usually determined for 
experimental purposes by burning a weighed 
quantity of the material with comproased oxygen 
in a steel bomb immeraed in a known weight of 
water, and-measuring the rise of temperature 
imparted to tho water, Kxprossing tho results 
of such determinations in la^e calorics (a lai^e 
calorie being the heat necessary to raise 1 litre 
of water 1 d^ree centigrade)^the combu-stion of 
1 gram of each of the following food consti|pents 
is found to give approximately heat as un<^r- 
Oil or fat.9*4 


Proteins 
Staroh or cellulose 
Cane sugar 
Dextrose or glucose 
MUk sugar , 
Asparagine 


. 41 
. 4-0 
. 38 
. 3*9 
. 34 


in tho oonHuinption of feeding stuffs by 
aiiinialH, only a jiortion of tho theoretical poten¬ 
tial energy, as indicated by their combustion 
heat, iH realised. In the lii-Hfc place, as we have 
already seen, only a fractional part of the food is 
digested, and only the digestible part can yield 
energy, l'u^the^mo^(^ the oxitiation of the 
digested matter is incomplete. The oxidation 
of complett'ly utilised proteins goes no farther 
than tiie production of urea, and, although tho 
great bulk of tho carbon of utilised food is 
exhaled in tho completely oxidi«ed form of 
carbonic acid, a portion is also given off in the 
unoxidised form of hydrocarbon gas or methane. 
In order to ascertain the energy either actually 
realised or potentially stored by tho animal from 
a given diet, it is necessary to feed it in a respira¬ 
tion chamber littod with such appliances that 
tho fseces and urine can be separa^y collected, 
and the whole of the gosoe expired during the 
experiment collected and analysed. The beat 
or combustion equwalent of the food consumed 
ia determined on accurately sampled portions of 
the (iaily diet. A similar determination in the 
dried faeces gives, by deduction, the potential 
heat energy in the ?ood actually digested. ^ A 
combustion of the dried rosidue of the ttriro 
voided and a measurement of the carbonic acid 
and water produced by combustion of the dried 
unoxidised gases exhaled from the lun^ lAd 
! otherwise, give the data for deducting the fuel 
: energy cc^esponding to these factors, and so 
i the real or potential energy generated or stored 
in the animal is determined. 4is»0' 

In ordeF.to trace the disposition of th^ 
energy, it is necessary, ii^a<^won to fore¬ 
going determinations, to weigh acouratdiy 
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water a» weD as the dry focxi consumed, and to 
determine accurately all moisture given oH 
by the animal m fiecoH, urine, breath, and 
|»rB|)iration, and also the carl)onic acid evolved. 
Ky means of dcluratoly <‘oimtnicted respiration | 
calorimetrio chanihers, it is possiblo to make 
very <!xact determinationH of the actual heat 
jjrodiicod in or l>y tlio animal during the expori- 
nmnt, and from the whole of tlie data obtainable 
to calculate, not only what fraction of tin' total 
j)rotoidH, fat, and carbohydrates lias *' bw'ii 
digested, but how much of them has been skired 
up in the form of flesh or fat, and liow much is 
oxptmded in what may bt' called maintenance , 
energy and heat pro<lu<;ti(*n. Some foods, such 
as hay, and i«|>ecially straw, require so niucli 
energy for their mastication and digestion tliat 
only a relatively small jmrtion of tiio actually 
digeskid matt-er may he uvailuhlo foi increase of 
tissue or fat formatKin, or for the production (in 
a horse) of external work, a r*nnq>aratively large 
quantity of heat being produced, fn coiieen- ' 
trated, easily digestible ffsHls, the loss of energy , 
Vkwoon administration of tlie. food and storage I 
as flosii or fat is much h‘Hs. Tlius, Kellner has i 
shown that, in the case of a fattening ox, only i 
41 p.c. of th(i potential energy m a pound of , 
digested starch is lost or usi'd m convcrtnia that | 
wiiieli con'osponds to tlm rmnainder into fat or ; 
other tissue, In the digested portion of meadow , 
hay, the loss of energy involved in digestion and ' 
assimilation was over 5S ji.e. ; in that of oat 
straw, (>2'4 ji.c. ; and m tliat. of wlu'at straw, as ; 
much as 82 p.c. Similarly, Zunt/. found in the j 
case of the horse that only from lb to 15 p.c. of ^ 
available energy was consumed m tlic processes | 
of digestion and assimilation in the case of ; 
niair.e, licans, and oats, tlie remainder being ! 
available for the iierformancc of extern^! 
mechanical work, while in the cose of hay, the 
mere process of digestion and assimilation of 
the digestible portion consuinod from 60 to 
00 p.c. of the ])Ote.ntial energy of such portion, 
leaving only fnuu 40 to 50 p.c. available for 
' work.’ In tlie casii of straw, the enoigy ex- 
}>on(led by tlu' horse in mastication and digestion . 
was found to b(' evtm greater than the whole of ■ 
the potential energy m the jioi-tion digested, 
showing, apparently, that straw has a negative , 
food value lor horses, esoept as a ‘ filler ’ and i 
diluent for moro coneentrated food. 

Albomlnold ratio. By this term is meant; 
the ratio of digestibh' protein or albuminoids to ' 
the digestible fat and digestible carbohydrate^!; 
in the food. In order to state this on a uniform 
basis, fat is converted into its approximate ; 
equivalent in digestible carbohydrates by multi- ; 
plying the fat by the factor 2 3, on the nssump- 
tion that on the uverage the eneigy and fat- 
producing value of the latter is approximately 
2*3 times that of the former. Thus, if a food 
oontains 20 p.c. of digestible albuminoiiki, 10 p.o. 
of digestible fat, and 40 p.c. of digcetible car- 
bobydratoe, the albuminoid ratio would be 
20 ; (i0x2’3+40), or 20 : 03, or approximately 
1: 3. linsoed cake has an albuminoid ratio of 
about 1:2, which is called a ‘ narre^ ’ ratio; 
and nudse of about 1:10, which is callod a' wide * 
raftOF^. vidle in mangolds the ratio^ is exceed- 
iride, namely, a^ut 1:86. Tl*e effioa<^ <A 
a nyxed diet for a ep^ilic purp^ is much 
affeoted by its albummaid ratio. Fattening or 
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working animals got on well with a diet of a 
fairly wide ratio, such as from 1:8 to 1:10, 
though oven in the case of fattening auimab, the 
ratio should be narrower (1: 6or 1:6) in the early 
stagee of feeding. Young growing animals, 
animals with young, and cows in milk, need 
a diet of correspondingly ‘ narrow ’ ratio, t.e. 
richer in proteids, such as 1 : 5. 

Tlio subject of the maintenance value, 
energy value, and productive value of the various 
feeding stulls cannot bo further pursued here. 
It may be advantageously studied in very 
thorough detail in Tho Principles of Animal 
Nutrition, hy 11. l^ Armsby, of the Pennsylvania 
•State Agricultural Experiment Station (English 
lubliHliers, Chapman & Ball, Ltd., 1U03). 
icadors may also ho nderred to Ohomkitry of 
the Farm, by 11. Warington {Vinton & Co., 
Ltd., London, 11)02): to The ^'ceding of Crops 
and Stock, by A. 1). Hall (John Murray, London, 
lOU); and to (loodwin's English translation of 
The Sciciititic Feeding of Animals, by 0. Kellner 
(Duckworth (!o., London, 1009). Tlie last- 
named book contains very full tables showing 
tlie composition, digestibility, and energy values 
of most of the foods in use on the farm, and 
ration tables for the dieting of farm animals, 
comjuled from the results of scientific investiga¬ 
tion. A useful table, compiled by A. Smetham 
and F. llobori-son Dodd, showing the composi¬ 
tion of a large range of feeding sluAs met with 
in commerce, including many materials not 
commonly ofliTed as such to farmers, but in 
extensive use for the manufaeturo of compound 
foods, may be found in a paper reprinted from 
tlie Journal of tho Koyal Lancashire Agri¬ 
cultural Society for 1921, and published by 
that Society at Liverpool, under the title of 
The Valuation of Feeding Stuffs. A pamphlet 
on the (‘omposition and Nutritive Value of 
Fol ding Stuffs by T. B. Wood and E. T. Hainan 
is also issued from the Animal Nutrition Insti¬ 
tute of Cambridge University, and pnblwhed by 
the Csmbridge University Press. 

Analysis of feeding * stuffs, Tho following 
raothods are those commonly in use :— 

Motsturc .—A weighed quantity (usually 
about 3 grams) of the material, finely crushed or 
powdered by passing through a small mill, is 
dried at 1()0‘’C. until it ceases to lose weight. 
Tho loss is taken to be moisture. 

Oil. —^This is usually determined by extrac¬ 
tion with ethyl ether. The method officially 
laid down (1908) for use under the FortiliserB 
and Feeding Stuffs Act in Finland, is as 
follows:— 

‘ A weiglied quantity of the sample shall be 
placed in a Soxhlet thimble, which shall then be 
, placed in the Soxhlet extraction tube and ex¬ 
tracted with washed, redistilled other. At the 
i end of 3 to 4 hours, the thimble slisJl be removed 
I from the Soxhlet tube, dried, and its contente 
finely ground in small mortar previously 
rins^ with ether. The substance sb^ then w 
returned to the thimble, the mortar being washed 
out with ether, and Hie extraction continaed for 
another hour. 

‘ After evaporation of the solvent, the off 
shall be dried at 100° and weighed. The oil 
shall be redissolved in ether, and any undissolved 
! matter shall be weighed and deducted. 

{ * In the case of sainiffte c<mtain{ng saocharina 
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matter, €,g. su^ar meals, the weighed portion in i 
the Soxhlet tmmble shall be wa^ed twice with | 
water, and then dried, previous to the extraction.’ > 

A convenient quantity to work upon for j 
determination of oil is about 3 grams. ! 

The jwrccntage of albumi- I 
noidfl, as already stated, is, for the puq) 08 c of I 
ordinary feeding stuff analyses, conventionally I 
arrived at by determining the nitrogen and ; 
multiplying the percentiq^ thereof by l)-2r>. ’ 
Nitrogen is now almost univereally determined ! 
by some modification of the Kjeldahl ])rocc8«. 
The details of the method, as officially laid down 
(1008) for use under the Fertilisers and Feeding I 
Stuffs A<-t in Englan<l, ai“e as follows :— 

‘ A weighed jiortion of the sample shall he , 
transfeHt'd to a Kjeldalil digestion fia-^k; 10' 
grains of jiotassium sulphate and 25 e.c. of 
coneentratod sulphuric acid shall be added, luid [ 
the flask hwdod until a t^lear liquid, colourless ^ 
or of light-straw colour is ohtaim^d. The, 
operation may ho acceleraUnl by the aildition 
of a small crystal of copper sulphate or a globule ; 
of mercury to the liquid in tlie digestion flask. 

‘ The quantity of ammonia shall he deter¬ 
mined by distillation into standard acid after 
liberation with alkali, aii<l, where mercury ha.s 
lieen used, with the aildition also of sodium or 
potassium sulphide solulion. 

‘ The mat-erials used shall be examined as to 
their frciidom from nitrogen by means of a 
control experiment earned out und(‘r similar 
conditions with the same cjuanbiticti of the re¬ 
agents which have been emjiloycd in tlie actual 
analysis, one gram of jmre sugar being used in 
place of the weighed portion of the sample. 
The (juantity of standard acid used in this 
<‘ontrol experiment shall he diiducted from the 
total quantity of acid found to have been 
neutralised in the distillation of the sample.’ 

A convenient quantity to work ujion for the ; 
nitrogen determination will, in most cases, he 
found to be from 1 to 1 ‘5 grams. 

The jiercentage of ‘ true albuminoids ’ or jiro- 
toid Bubstanexjs, as distinguished from nonproteid 
bodies such as amidee, &c., is sometimes deter¬ 
mined by what is known as the phenol method, hut ' 
more commonly now by the copper oxide method. 

The phenol method depends upon the coagu¬ 
lability of protoids by phenol. A quantity of 
from 1 to 2 grams of the powdered feeding stuffs j 
is covered with a warm 4 p.c. aqueous solution ! 
of phenol, to which have been added a few drops 
of a freshly made aqueous solution of luetaphos- 
phoric acid. After 16 minutes, a little boiling 
phenol solution is added, and the mixture stirred 
and allowed to cool. The whole is then poured 
on to a small filter, which is wasluid witn more 
of the same liquid, but cold. After drying, the 
filter and its contents are transferred to a Kjel- 
dahl digestion flask, and the nitrogen is deter¬ 
mined as already described (Church and Kinch). 

The copper oxide meth<yl depends upon' 
the power of mowt copper hydroxide to fimte 
with proteid subetancee to form insoluble com¬ 
pounds. The preparation of cupric hydroxide 
|»ed is known as Stutzer’s rei^ent. It is made 
by dissolving 100 grams of copper^ sulphate in 
5 litres of water wfth the addition of 2'6c.c. of 
glyceroL A dilute solution of sodium hydroxide 
» added until the liquid is just alkaline. The 
pffKupitato of cupric hydroxide is filtered off. 
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drained, transferred to a dish, and washed by 
decantation with water containing 6 o.o. of gly¬ 
cerol per jitre, until the washings are no longer 
alkalioe. The precipitate is mixed in a moi^r 
with water containing 10 p.c. of glycerol, and 
transferred to a stoppered bottle. A gelatinous 
mixture is thus obtained which, wlien shaken up, 
con he removed by means of a pipette. The 
determination of albuminoid nitrogen is made 
as follows : About 1 gram of the feeding stuff 
is weighed out, mixed with 100 c.c. of water 
and boiled or heated in the water-bath for 10 
minutes. A quantity of the cupric hydroxide 
jiaste, containing about 0*8 gram of actual 
eupric hydroxide, is added, and the whole 
thoroughly stirred, warmed for a short time, and 
allowed to cool. \\’hen cold it is filtered and 
washed with cold water. After drying, the 
filter and its contents are transferred to a KJel- 
dahl digestion flask, ami tin* nitrogen determined 
as above descrilK^d. J nstead of a<idiiig the cupric 
Itydroxido paste directly to the solution, it is do* 
KlVah]<^ to [ilace the ro<|Uisilequantity in asoparal^ 
beaker, treating it with cold water, allowing il 
to settle, and jiouring off the water in order to 
eliminate the glycerol, which is used merely as a 
vehicle for the pr<«ervation of the reagent. 

Fibre .—A weighed quantity (convenientiv 
about 3 grams) of tJie ground sample, either witli 
or without jirevious extraction with ether, is 
boiled for half an hour with 125 c.c. of a 2 p.o. 
solution of sulphuric acid, the loss of water duo 
to boiling being continuously mode up. The 
Iluid is diluted with a few hundred cubic centi¬ 
metres of water, and allowed to stand for some 
time. The hulk of the fluid is then filtered off, 
any matter that becomes transferred to the 
filter being washed bac’k again into the original 
vessel. The residue is then boiled with 126 c.c. 
of a 2 p.c. solution of potassium hydroxide, 
diluted, and filtered—this time through counter- 
jioised filterH. The fibrous matter is washed 
on to the filter, washed with boiling water 
until the washings are no longer alkaline, then 
with a little dilute iwid, and then with water 
until the washings are no longer acid. It is 
next wa.shed several times with methylated 
spirit, and, if the oil was not removed prior to 
the fibre determination, it must be finally washed 
several times with other. Finally the fibre is 
dried to constancy in a water-oven, and weighed. 

—A quantity of the material (for 
example, 3 grams) is placed in a platinum 
capsiuG and heated over an argand burner 
turned down low. The lieating is continued 
over a yellow flame until the rosiclue is frpe from 
carbon. The reeidim under incineration should 
be stirred from time to lime with a platinum 
wire, being meantime lightly cove^ with an 
: arched piece of platinum foil. Ignition over a 
Bunsen burner is more rapid, but is lialfle to 
result in Itiss of potash. 

Sand and other siliewus rnaUer, —^The ash, 

I after being weighed, is digested in the platinum 
i basin with a little ^lute hydrochloric acid, and 
. the silicious matter filtered off, ignit<d, anid 
1 weighed, ffhis consists of sand, together with 
—in the case of some foods—silica derived from 
naturally silicious tissues, such as rice 

‘ DigestmR^* carbohyd/nO ^.—This item, which 
inclndee starch, sugars, muc^^a^ous nAttOT, pm- 
{tosan derivatives, and other, bodies—sometniUNi 
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also termed ‘soluble carbohydrates' or, as in 
Germany, * nitrogen-free extract *—is taken by 
differonoc. For the methods of determining the 
various sugars, starch, &c., separately, the re^or 
is referred to other scjctions of this work. B. D. 

FELSPAR or Feldspar. (Fr. Fddspath ; 
Oer. Feldft'pailt^ FeUinfat ; from the Swedish 
Felispat or Fal(spat, meaning ‘ lield-spar.’) A 
large isomorj)hous group of imjioitant rock- 
fomiing idinerals consisting of alumino-silic.atos 
of alkalis (potassium and sodium, rarely rubi¬ 
dium, csosium, and litliiiiiu) and alkaline earths 
(oaleium, and less often barium). They include 
polysiHeatcs or IriHilicaUis of the typ(i ll'AKSijOg, 
an<l orthosilic-ateH of the type H"Al;;(Si() 4 ). 2 . 
The principal rnoleculcjs rcprcHcnting the cn»l- 
mombers oi tlic' isotimrijlioiiH senes are KAlSiaCis 
(Or=orthoehiH(i), NaAlSi;,()fi (Ai>—albito). and 
CaAljSigOg (An^anoriliit^^). Otlmrs of loss 
importan<'e, or whose exisU-nco is only assumed 
on theoretical grouiuls, arc HaAl/Si^jOg ((!c 
ceoeJsian), NagAFS^Of, (('g—cumcgieite), and 
j^bAlSisOg (nibidium-microchne). 

^ The felspars art* usually divided ervatallo* 
graphically into t.wo Heri(*s, tlie nuuioi linie (tu- 
oblique) felspars and th<‘ tru-linic (or anorthio) 
felspars. But, although tliesc belong to dillerciit ’ 
systems of er^-stullisation, they nwciiihl<5 one 
another closely m habit', cleavage, and goiierul, 
crystallographic characters. An inipftrtaiii foa- ; 
ture of all felspars is ilio cxislcnc<i of good 
cleavages in two din'ctions ; the more lUM-ha-t ■ 
one lieing ])arallcl to the basal pinakoid r(<K>l), | 
whilst the siicond is paralh*! to the elinopinakoid 
or plane of symnietry />(()!(>) in tlie nu)no<“hni<‘ 
felspars, and ]»araHol t-o tho corresponding 
brntdijqiinacoid />((H0) m the triclinie rcls|iarK. 
In tho inonochnic system these two cleavages 
are nocossarily at rigid aiighis (tKF), ami the ' 
Wspars belonging to tins sv'sU'in are conseqnc'nily ; 
described as orthociiistu' fclsj»^rs; whilst in | 
tho triclinie sysUun the cleavage' angh' bv varies j 
slightly from a right angle (in nnortliite be 
=85® 50', and in albiU^ hr~ 24'), and for this ■ 

reason those felspai-s are called ]»lag;oclastic ; 
folsparo, or simply phigioehise. To these two ' 
Horios may be added a tliird—]»s('udo-monochnic j 
seriee—the members of which are shown by ; 
Uioir optical characters to b(' triidinic, but in ; 
tho external form of their crystals they do not i 
differ from those of the numoclmic sern'is and ■ 
the cleavage angle he does not diftei’ appreciably 
from IH)®. Tho several nieinlicrs of those three 
eeriee of felspars are sc't out. in the following 
tablei 
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KAlSi.O. Orthoclase MicrocUno 


Triclinie 

series 


MKAlSiftO, 


■8^8 t 


Soda* ' Anoriho* ( _ 


HKaAlSi|0„ \ orthoclneej clasc 
KaAlSisOg Barbiorltc ;Cryi>toclftse Alblte 

mNaAlSl|Ogt _ ' _ v Ollgoclase, La* 

nCaAJsSiiOg i 1 brartorite, &c. 

CaAl|8i|0(| — Aftorthtte 

^fi|^l|StjO« — — Can»gielte 

BaAlsBltOtV Oelidan \ — * — 

MBaAljSU^ (; Hyak>* i i _ * 

•KAffli,©- , pbtaeJi * , 


Tho only members of practical importance 
are tho potoah-fclspam, orthoclase, and mioro- 
cline (wliich, as noted below, are perhaps really 
identical); the soda-felspar, albite; the lime* 
felsjiar, anorthite; and tho soda-lime-felspars, 
oligoclase, andcsinc, labrodoriU', and bytownite. 
All of those, with the exception of potash- 
felspar, belong to tho isoiuorphous group of 
))lagioclase-felspars, of wliieh albite and anor¬ 
thite ara tho end-menibors. The limits of 
comjiosition usually assigned to these are : 

SlOa AIjOgNaaO CaO 
Albite ,'Ab,Ano 08*7 19-5 11-8 — 

Oliiroclasi, .'^^b.An, (14-9 22-1 lOO 3-0 

^jAndorino <'"•3An, '«■« 24'0 8;7 5 3 

lll.»bradorite/Al-.A,., 55-(i 28'3 O'V J.0-4 

lhd.,wnite .-Ab.An^ 49-3 32'6 2-8 10-3 

Anorthito '*«■« 34-4 1T> 17-4 

J*' Ab„An, 43-2 3«-7 — 20-1 

A character which always enables tho 
plagioclasc-fchspara to bo leadily recognised is 
tho mvanublo pre,sen(‘e of lamellar twinning 
acconling to tlio albito-law. ^’fais is sliown in 
tliiii .sections of rooks wluiu <5xainined m polarieod 
light by the bunding due to tho different direc¬ 
tions of extinction in alternate larucUiE. in a 
hand-specimen it is sliown on tho basal plane 
c((i01), and on the pcrieiit cleavage parallel to 
this face, bv a system of lino striie jiarallel to 
the edge of intersection of the two cleavages. 
’J’hchc Klnte can usually be detected with the 
aid of a pockcl-h'iis wlien the cleavage surface 
IS held at a suitable incluiation to the liglit; 
and two siits of relloctions can be obtained in 
albite inclined at 7" 12', and in anorthite at 8® 20'. 
AlbiUvtwimnng is not prwent in orthoclaeo, 
but is present m niicroclme, tliough in this case 
tho striai aro not evident on the cleavage surface. 
This diffeieuee often alTords a ready moans of 
distinguishing at sight a potash-felspar from a 
soda iitne-felsjiar. In microolino there is also 
a second lamellar twinning accoraing to the 
porichne-law, whicli, in conjunction with the 
lamellar albite-lwmning, produces a very 
characteristic croHS-haiclied structure, sometimes 
to be seen on the basal piano of crystals, but 
very evident when thin sections are examined 
in polarised liglit; iliis being, indeed, often the 
only means oLdistinguishing microcline. Several 
other twin-laws have been described for the 
felspars, the important ones being the Carlsbad, 
Baveno, and Manebach types. The very 
common occurrence of repeated twinning in 
this group of minerals gives rise to the sugges¬ 
tion that tho higher degrees of symmetry in the 
monoclinic series is merdy the result of twinning, 
and that all felspars are really triclinia T his 
is obviously the caae in tlie pseudo-monoclinic 
series, in which, on optical examination, the 
twinning is seen to be repeated on a very 
minq^e scale. H this became ultra-microsoopio, 
then the crystal could not be dtstinguished from 
a true monoclinic crystal. The crystallographic 

O ing shown in Uie above tab£e wouTd tl^ 
down, while the chemical grouping alone 
stands. Microoline would then be identica]. 
with orthoclase, which, indeed, it is in deosi^, 
refractive indict mode of oocurrenoB, and Hi 
jnucticai applicaUmie. 
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Some of the nonstantB of the three most 
impOTtant speciee of felspar are given below:— 



«aO 

*5-5 

oM 

1 € 

1 £S 

: 

S 

«o 

H 

SiO.. 


p.c. 

08*7 


AI,d. . 

18-4 

19*6 

3(5*7 

CaO 

_ 


20*1 

KjO 

1(5-9 

_ 

_ 

NajO 

_ 

11*8 

_ 

sp-gr. • 

2 *r)() 

2*62 

2*7(5 

Hardness. 


0-0| 

(5 Oi 

Melting-point 

1160° c. 

1100 “c. 

1650° 

Specific heat 

Oleavago angle (/;c) . 

0*187 

0-197 

0-197 

90° 

8(5° 21' 

85° 5)0 

Optical uxiinclictD. on c 

0 ° 

-r4° 

-37° 

h 

-f6° 

-■1-19° 

-3(5° 

Itcf. Index (Na) a 

1*519 

1 *529 

1-570 

.. -S . 

1 *523 

1 *533 

1 •5H;5 

, .. 7 . 

Birefnngcnce y~ a 

1 •524 

1 *539 

1 -588 

0*005 

O-OiO 

0-012 


The recognition of a mineral as felspar is 
usually evident by tho clcuvu|;o>t, <lulin(*s8 of 
colour and lustre. Jiardm^KB. rcsiKtanc<‘ to acids, 
&c. ; but tho disciiinmatioii of tho sovcTal 
B^cios is not always so cusv The optical 
ouameters of cleavage flakes alford a useful 
guide, and the specific gravity of fragments 
can be ix'u.<Iily dolermined in a heavy litjuid 
with tho aid of iiidieutors Szabd {t’ober 
ein© neue Mothoilo die J''eldsj)atiie auch in 
Gestcinon zu bostiininen, Budapest, I87b; v. 
G. A. J. Cole, Aids to Practical Geology, nth ed. 
London, 190b, 7S-Hr») devised a method in 
which tho intensity of coloration imparted to 
the Bunsen flamo giv(w an approximate indica¬ 
tion of the percentage of potassium and sodium 
present. Anorthite is detjomposod by hydro¬ 
chloric acid with separation of gelatinous silica. 
The other felspars are only verj' slightly attacked 
by acids (except hydrofluoric), alkaline solutions, 
and carbonated water; but they are decom¬ 
posed by hot alkaline solutions under pressure. 

The following analyses are of : I, Orthoclase 
from Norway, a« used in the manufacture of 
porcelain; formula Or^Abjo. IJ, Microclinc 
(amuson-stone) from Antalwka, Madagascar, 
Or^jAbjyAnj. Ill, Albite from Amelia (k)., 
Vii^inia, Ab,|Orj. IV\ Oligocla^e (sun-stone) 
from Tvedostrand, Norway. Ab^AnjjOr,. V, 
I.Abradorite from Ardglass, Co. l>own, 
AbyiAn„Or 5 . VI, Anorthite from Vesuvius, 
Ab4An^40r2. 

I II III IV V VI ! 
SiO, . 64*98 63-56 68*44 61-30 52-83 43-96 

A1*0, . 19-18 18-66 19-35 ,33-77 30*22 36-30 

PejO, . 0-33 0-34 — 0'36 0*40 • 0'63! 

CaO . trace 0*36 — . 4-78 12-52 18*98 ' 

MgO . 0-26 O-IO — — — 0-46: 

K,0 . 12-79 13-90 0-43 1-29 0*86 0*40; 

Nik,0 . 2-32 3-30 11-67 8*60 3*62 0*47 

Ign. , 0-48 — — 0-36 — j 

^ 100*33 400-10 99*89 100*00 100'3010019 1 

. — 2*56 2*01 2-06 2*71 2*761 


Felspars are of wide distribution, aoccoding 
to F. W. Ciflarko forming about 66 p.c. of tAe 
earth’s onist. They occur ss primary con¬ 
stituents in igneous rooks of nearly all kinds, 
and are abundant in gneisses wd metamorphic 
^ rocks. Tile alkali-felspars occur preferably in 
the more siliceous rooks (granite, &o.), wnUit 
lime-felspars are more oouimon in basic it>okB 
(gabbru, basalt, &c.). Anorthite is also found in 
certain types of nieleorit; wtoiies. hkiispors are 
very ^usce]itible to nUeration, being attacked 
by carbonaled, u(!id, and alkaline waters, and 
they give rise to a givat variety of secondary 
minerals. By the action of weathering pro¬ 
cesses the alkalis and lime generally pass into 
solution, remaining partly in the soil, and in 
part being removed in solution to form eventu¬ 
ally Bocondarv deposits of salt's and limestone; 
wliilst kaolin and freo silica remain behind to 
give rise to deposits of clay. 

All the naturally-ocourring felspars have 
U'en pn-pared artitioially, and in addition others 
containing strontium, barium, and load in place 
of calcium, or potassium m place of sodium 
tlio plagiocluacs. The basic felsjiars crystallise 
readily and are cosily obtuinwl by dry fusion; 
but the. alkali-fclsjiars form exlreinoly viscous 
glas8i«, and luive not bcion crystallised by diy 
fusion without fluxes. Much experimental work 
has been done in eoniHM;tion with tho isomor¬ 
phism of tho felRpurs and in rock synthesis 
(i’. F. Fouqu(* and A. Michcl-L6vy, SyntMse dos 
Min6raux ct dew Ivochea, Paris, 18*82; A. L. 
Day and E. T. Allen, The Isomorjihism and 
Thermal Properties of th(3 Feldspars, Garm^ie 
Inst., Washington, 1905). 

For jiractical purjiosoe the fels]>ars And 
apjilications in several directions. Home arc 
used ^ gem-stones and ornamental stones. As 
a rule, these minerals are dull in colour, cloudy, 
and imperfectly transparent, but certain varieties 
exhibit sjiocial optical and colour eifeots. 
Moonstone, a variety of orthoclase obtained 
mainly from Goylon, displays a soft bluish milky 
sheen (glaucesi'once). Somewhat similar, but 
with brighter colours, is perisU^ite (named from 
tttptsrtpd, a pigeon, on account of the colour* 

I resembling tnose on a pigeon’s neck), a variety 
[ of albite from Ontario. Sunstonef or avanturino 
i felspar, exhibits a metallic spangled efloot, duo 
; to tho enclosure of scales of haematite; ^is is 
best shown in tho oligoclase from 'I’vedestrand 
in Norway, but is also met with in some other 
felspars. Labradortte in certain specimeiu, 
particularly those found abundantly as boulder#' 
on the coast of Labrador, though of a dull dark- 
grey colour, yet at^ost a jiarticular angle with 
respect to the incident light they suddenly 
shine up with brilliaat metallic ooioura. Thw 
change of colour or labradoreecenoe is due to the 
interference of light caused by numeroiui minuto 
encloeurel in the minersd. The same effect ii 
also shown by the anorthoclase in the augito- 
syenite (laurvikite) from Laurvik ^md Freaks- 
vam in the south of Norway, a rock much used 
as a polished omamentu stone. A cleat 
traasparem oligochee from Mitcl^ Oo., North 
Carolina, has been cut in the farilUwat 
gem. Amasjpn’-tione {q.v.) is a green mterofflB. 
(On the use .of felspar as gem-atonaa, v. U. 
Bauer, Precious Stones, tc^psl. 1^ L. 3, Speaoer, 
London, 1994,) 
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Tho chief utMi of folnpar in the industrial arts 
is f<^r tho manufacture of pon'cluin and enamel 
ware of all kinds, inchming electrical goods. 
For this j)ur|K>se only an alkali-felspar, pre¬ 
ferably |K)tfirth-f(‘lHjmr or a potash-8<»da-fel«par, 
is oraployed; the limo-folspars not being suit¬ 
able, since tliey readily erystallise. In the finest 
lorcelaiii, felsjiar (10 35 p.c.) is ar<lded to tlio 
»ody, and as it fuses it lirmly binds tlie particles 
of clay and quarlz; but it is chiefly for the 
glaze that felspar (30-50 p.i .) is a<l<led.‘ The 
b(»t quality is used for ruaking artificial teeth. 
Mmall amounts are uscwl by glass nianufaeturei«, 
especially for producing an opalescent glass, 
Fused felspar fornis a tirin bond for emery, 

< corundum, and carborundum wiu'cis. 

As an abrasivis felspar is esjiccially suilaiile 
for cenaiii i»uipos»-s. (»wmg to its cleavag«‘, it 
powders Ui angular fragments ; and its hardness 
IS about tlio sarni' lus tliat of glass. It is lbei<'- 
foTO us(si as a. cleaner and polisher of glass 
articles, ami forms an ingredient of seourmg 
BoajiH. Any felspar sc'rve.s tins purpose, so long 
as it is fr<*e from quartz. J..abrHdorite from 
Dulutli, Mmms^ota, is used as a saiid])aj>er in 
wooibworking. Other minor us»‘h of Icdspar 
are tho manufacture of tarred roofing material, 
for surfacing concrete, and as a poultry grit. 

A great variety of jiroecvsses iiave been 
devised and patented for utilising fidspar as a 
source of potusli (f/.r.). but these have not Ixvn 
able to compete with thi* slowly-iwting geological 
iroct^ses which produc<‘d tlio Stassfurl. deposits 
rom the .same material. CJround felH])ar used 
directly as a fertiliser is .slow in its action, but 
lasting. 

CoiiiimTcial felspar is all obtained liy quarry¬ 
ing veins of graiiite-pegmatito. This is a very 
coarse graiiu'd rock consisting of alkaU-felsjiar, 
quartz, and mica, t-ogidhor witli small aniouiita 
of tourmaline, beryl, and various^raro minerals. 
The same quarries are sometimwi worked also 
for quart.7, and mica; those of Oalifomia, Maine, 
('oniiocticul, and Madagascar yield gem-stonoa ; 
and those of southern Norway biiuiU amounts of 
rare-earth minerals, c.y. monazito, gadolinile, 
ouxenite, &e. Tlie felspar is, as a rule, ortho- 
claao or miciwline ; Imt veins of soda-pegmatite, 
consisting mainly of albite with a little horn¬ 
blende, are worked m PiMinsylvania, Maryland, 
and at Villeneuve in Quebec. The largest pro¬ 
ducer is tile United StaUw, principally along 
the Appalnehiiui Mountains m the eastern 
Btates, and in Ualifomia. {v. E. S. Bastin, 
Economic tleology of tho Feldspar Deposits of 
tho United Slates. U.S. Oool. Survey, Bull. 
420, IftlO; A. S. Watts, Mining and Treatment 
of Feldspar and Kaolin in tho Southern Appala- 
ohian Region, U.S. Bureau of Mines, Bull, 
ns, 191S; A. S. Watts, The Feldspars of tho 
Now England and North Ap{>alachian States, 
ibid. Bull. 02, 1910; F. J. Katz, annmJ reports 
in Minoral l^ources, U.S. Gool. Survey.) In 
Canada the principal <piarrio8 are in Frontonac 
Ca, Ontario. Other laige producing countriea 
are Norway, Sweden, and Italy. Tho spar 
should be free from iron-liearing muerals and 
but tho prosonco of 15-20 p.c. of quartz 
is ^ftlt injurious for pottery. It is sometimes 
calcined l^oro being nnely ground ,ahd screened. 

In the‘British Isto there is abundance of 
available material In the p^matite-veins 


traversing tho ancient gneisses of Suthorland* 
shire. The average amount of potash in the 
microcline of tide district is 12-8 p.c., and for the 
whole rock C*7 p.c. A few smaller pegmatite- 
veins are present in Cornwall; and the well- 
known Cornish china-stone is rich in partly 
altered felspar. Tho di.scovciy of a vein of red 
felsjiar at jWlJeek in (’o. Fermanagh led to the 
establishment of porcelain works at this locality. 
The red felspar becomes white on calcination, 
the iron passing into the condition of magnetite, 
tlic particles of wliicli may lie removed by means 
of a imigiK't. Other Irish occurrences arc known 
in (’o. Mayo and tki. Donegal. The abundantly 
ociMin’ing gnmites of Cornwall, Scotland, and 
I lr<‘Iaml contain, on an average, about 5 p.c. of 
j potash, a jiortiori of wJiicli is, however, carried 
j in tho mica. (j’. Spci ial Reports on ' the 
! Mineral Kesourees of (ireat Britain, Mom. Geol. 
Survey, vol. v. 19l(i, 2ad c-dit., 1917 ; F. G. H. 
lioswcll, British Siqiplies of Fotash-Felspar, con¬ 
sidered from the 01a*4S-Making point of view, 
J. Soc. Glass 'J’echnology, 1018, ii. 35-71). 

FENCHENE V . Fknchonic. 

FENCHONE A ketone isomeric 

with cumjdior. It is oiilically active, </-, and 
r- fencliono all Inang known. d-Finchuve was 
discovered by Wailach in fennel oil. The 
fraction boiling at IlKC-196® is treated with 
tlireo parts of concentrated mine acid to 
oxidise anetliol and otiior impuritUvs. The 
product is poured into water, Ibo separated oil 
being wa-slied with cuusIk’ soda solution, dis¬ 
tilled 111 steam, dried, and tiiially crystallised at 
a low temperature (Wallacli and llartinann, 
Annalen, 25h. 324; Wailach, itnd. 203, 129). 
d-Feuclioiio also occurs in small quanl.ities in 
Bnssian oil of anise (Bourchanlat and Tardy, 
Bull. Soc. eliirii. [iii.] 10,01(5; Compt. rend. 1896, 
122, (i24) 

Pun* fenclione is a (Hilourless oil, b.p. 192“- 
193°; sp.gr. 0'9405 at 19°; prolonged cooling 
at low tomperatun's causes it to solidify to largo 
crystals, ni.j). 5“--{)°: jUj)= 1*40300 at 19“, 
moloc. ref.~44*23 ; la]j)-|-71‘97°. It is not 
oxidised in the cold by nitric or sulphuric acids, 
but potassium jieniiariganato converts it into 
diinethylinalonic, oxalic, and acetic acids. By 
heating it for six daj^ w’ith concentrated nitric 
acid, there arc formed dimethylcarballylic, di- 
mcthylmaloniQ, t50<*amplioronic, wobutyric, and 
acetic acids, together with a nitrofenchone 
(Gardner and Cockbum, Chom. Soc. Trans. 1898, 
708; Semmlcr, Chem. Zeit. 1906, 29. 1213 ; c/. 
Konowaloff, J. Russ. Ph}*8. Chom. Soc. 1903, 
35, 953); and by heating with sulphuric acid at 
80°, 4-accto-l; 2-xyle-ne is formed (Marsh, 
Chem. Soc. Trans. 1899, 1038). Warming with 
phosphorus pentoxido yields ta-cymeno, b.p. 
176°-17(i° (Wailach, Annalen, 276, 167). Re¬ 
duction by sodium in amyl alcohol or treatment 
with phtHalic anhydride yields Ufenchyl alcohol 
imp.'* 46°; b.p. 107°-200°; foil, 
— 10*35° (Bertram And Halle, J. pr. Chem. [ii.] 
61, 293). This is converted by phosphorus 
pentachloride into fenchyl chloride, b.p. 84“-86°, 
which, on heating with aniline, is converted into 
the torpene fenchene 160°-162“. 

A solid fenchyl ohiorid^ nup. has been 
obtained by Kondakoff from fcaiohyl alcohed 
(J. pr. Chem, 1909, fii.] 79,271).' Fenchene hae 
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been prepared synthetically by treating nopinone chim. 1910, [iv.] 963, 968; Nametlun, J. Ruas. 
and bromacetic ester with zinc and hydrolysing Phys. Chom. Soc. 1916, 47, 1690 i Qvist, Ann 
the hydro 3 ^ ester thus formed (WaUach,Annalen, 1918, 417, 278 {v. Kbtonks). 

363, 1). Fenchene is oxidised by concentrated FENCHYLENE 

nitric acid, yielding cw-camphopyiic acid and its jvnii \ .pu 

anhydride. Phosphorus pontachloride reacts 

with fenchono yielding chlorCenchenophosphinic ^ \nu 

acid (JipH,|ClPO(OH)jf, chlorfencheno and 

a- Mid 8 -chlorfenohcne hydrochloridee {Ganlnor A volatile liquid with a faint odour recalling 
ana Cockbum, Chcm. Soc. Trans. 1897, 1157; fenchene, obtained by heating meth^ 

1808, 275, 704). Ammonium formats reacts ; '^ofonehylxanthate at 230®; b.p. 139®-!^* 
with fenchono, yielding the formyl derivative of I ; ep-gi. 0*8381 20®/4®; 712)^1*4494 at 

D.l fenohylamine from which the free base j 20®, and [al 2 )= - 68*76® (in alcohol). Ckimbines 
5?Ar“ ’ i bromine, yields a crystalline nitrosoohloride 

Bp.gr. 0*^95; [alu— 24*63 . Sodium nitrite | and givw(*?>?-fem:hoeamplioricacid when oxidisod 
and acetic acid react with fenohylamine, pro- ■ with alkaline permanganate (Namotkin and 
ducing B.Menchenc, an isomeric hydrocarbon, ' Hushonceva, J. Kuss. Phys. t%em. Soc. 1916, 
d-limoneno and cineol (Walloiih, Annalcn, 362, j 48, 450; J. Sof. Clieiri. Ind. 1917, 36, 304). 

174). l>./-fencheno, when warmed with acetic I FENNEL FRUIT, Fceniculi fructus, B.P. 
and sulphuri<^ acids, yields wofencliyl alcohol, I The dried ripe fruit of Fceniculum vulaare 
b.p. 201°-202®, which, on oxidation with | (Mill.). 

chromic acid, yields Mofenchone C\<,U,,(), b.p. | FENUGREEK. TrujoncUa Fmnum graecum. 
201°, sp.gr. 0*943 at 18*5°, Ialp-)-9® 35. By i A plant possessing a characteristic flavour^ 
heating fenchone and bromine in a sealed tube : used largely as a condiment for cattle, 
for 24 hours, bromofcnclione, b.p. 131®-134° | According to analyses by D’Ancona (Landw. 
(18 nun.), is obtained. Alcoholic })otash con- 1 Versui'hs-.Stat. 1899, 51, 387), the dry matter 
verta broinofeiicliom* into 7 -fencholenic acid, ; contains— 


W'hich on la’ing dissolved in concentrated sul¬ 
phuric acid ami pouix'd <ui to ice, yields an 
isomenc compound, 111 .f). 77®; three fenclio- 
lenic acids are known (Wallaeli, Annnlcui, 315, 
273 : Chein. Zentr. 1809, ii. 1052 ; ('zerny, Bcr. 
1900, 2287 ; Balbianci, (Jazz. chim. ital. ItHK), 
30, ii. 382 ; Semmlor and Bartelt, Her. 1906, 
3960; 1907,432). Like (‘aniphor, fenchone red¬ 
acts with sodium, forming a pinacone G2tfll84^N» 
b.p. 219® (13 mm.), ni.p. 97®. The constitution 
of fenchone is still under disemssion, but the 
evidence available seems to indieate the follow¬ 
ing formula:— 



(Wallaeh, Aimalen, 369, 63; Semmler, Bcr. 
1907, 4591 ; Bouveault and Lovallois, ('ompl. 
rond. 1908, 146, 180; c/. Glover, Chcm. Soc. 
Trans. 1908, 1285). 

l-Fenckone was discovered by Wallaeh in 
thuja oil. The fraction boiling at 190°-200° 
may be warmed with nitric aoid’to oxidise the 
thajono and then steam distilled or better 1 ki 
oxidised witii potassium permanganate to 
destroy the thujone and then treated with semi- 
carbazide hydrochloride, which reacts with the 
f-camphor, which is also present more quickly 
than with the Lfonohone, and forms an effective 
agent for separating them (W'a)Iach, J. IMiarm. 
Clhim. 1896. 3, [9] 465; Chom. Zentr. 1905, ii. 
675 ; Annalen, 363, 209). I-Fcnchone has b.p. 
192®-194®, m.p. 6 ®, [oId- 66*94®, and forms a 
Berios of derivatives similar Ho those obteined 
from d-fenchone. For r-Unchone. and its cmriva- 
lives, V. Bouveault and Levallois, Compt. rend. 
1909, 14$, 1399, 1524. 

For further references to fenchone and 
derivatives, v, Wallaeh, Ann^en, 284, 324; 
300, 294; Semmler, Ber. 1906, 2677; Mahla, 
Ber. 1901, 8777; Bimini, Gb£z. chim. ital 1909, 
89, ii. 196; Bouveault aad Levallois, Bxdl. Soo. 


’ I’rofclii Fat N-free extract Cm3« fibre Aah 
! 13*4 3*4 47*0 30*6 5*6 

I The ])ure asli contuiiiod— 

' KjO NaaO CaO MrO FejO^ PjO^ SO, SiO, Cl 
; 19*1 7*6 29*8 JO 4*9 8*1 4*1 23*6 1*1 
I In composition, fenugreek resembles crimson * 
j clover and it is rocoinmended as a farm crop. 

I Since, however, tiio peculiar ffavour of the plant 
; is transmitted to both milk and moat, the fodder 
I is more suited for working animate than for 
j fattening or milk production. The peculiar 
I odour and flavour of the plant is said to bo due 
j to an oil; it is very pronounced in the spring, 
i but becomes loss when the plant ripens. 

I Tlie 8 ( 5 eds contain trigonelline ( 5 ,H 7 NO„ the 
i betaine of pyridine- 2 -earboxylic acid (Jahns, 

[ 1886). Among the carbohydrates in the se^ 

I of fenugreek is a nmnnogalactan, which, under 
I the influence of a soluble ferment, produced on 
; germination, liydrolysce with the mrmation of 
I reducing sugars (Boiirquelot and Horissey, 

: Coim)t. rend. 1900, J30, 42, and 731). H. I. 

F^ERBERITE v. Wolframttk. 

FER6ANITE. A hydrated uranium vana¬ 
date U 3 (V 04 )j, 6 H^ 0 , containing also a small 
amount of lithium. It is related to carnoUte > 
iq.v.), and is found as sulphur-yellow scales, * 
together with other uranium minerals, in prdvinoo 
Fergana, Russian Turkestan. L. J. 6 . 

FERGUSONITET a rare mineral consisting 
of columbato (and tantalate) of yttrium and 
cerium earths together with a small amotm^ of 
uranium, thogeneralformulabeing R"'(Cb,Ta) 04 . * 
Tetre^^oi^ crystals wore found m Greenland in 
1826, buf usually the mineral is massive wiUi a ^ 

I lustrous, pitchy appearance on the fractui«d 
! surfaces ; ap.gr. 5*8. It is opticaUy isotrotde, 
j owing to alteration and hydration: worn 
I beat^, it suddenly shovra an incandoicent 
! becomes Pictured and anisotropic, and gives off 
j gases (belium, Ac.). The mineral oocuamdEt 
I pegmatite-v«ins at Ytterby in Sweden, mmt 
j A^dal and eteewhero in Norway, apd in some 
t abundance as large massen at Banhmer RIU in 
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Llano Co., ToxaH. At the laHt-namod locality, 
it hM bwn mined, together with gadolinite 
{g.v,} and other rare-earth mineralB, for the 
supply of yttrium, &c. Other localities are 
(yoolegong in West-ora Australia, Madagascar, 
and the Caucasus. L. J. 8. 

FERMENLACTYL. A preparation of lactic 
acid bacilli. 

FERMENTATION (including Enzyme Action 
and Chemioal Action of Bacteria). 

History of the development of ideas ^bout 
fermentation. The phenomena of alcoholic 
fermentation Hcem to have hoen familiar to man 
from the earliwt tinuis in the jn-ocesses of the 
production of wine, aceoninanuHl hy cilerves 
cence and frothing, ami of the baking of bn*ud, 
accompanied by the rising of the. dough. These 
obvious cliaracteristics of fermentation find 
expression in the rmnu^s applied m various 
languages both to the procoss itself (fermenta¬ 
tion, 1.4it. fm’crr, t«» boii; (ialiri/mj, from a 


I formed by the action of oxygen on tlie nitro* 
genouB materials of the fermentable liquid, and 
the amount produced was dependent on the 
I special nature of this, and might be, as in 
brewing, more than sufficient to cause the 
I decomposition of the whole of the sugar present. 

I These views were founded on the belief that 
I yeast was a chemical substance comparable to 
j any of the well-known organic products. Even 
! before tlie pubbeation of the views of Berz^ua 
and Liebig, however, strong evidence had been 
I brought forward that this was nut the case. As 
early as 1(>80, l.#eeuwenhock had described tho 
granular appearance of y<'ast under the micro* 

I scope and ‘ uuiinalculos ’ of putrefying materials 
had also been observed ; but m sjiito of a few 
ot.her isolated olworvations, it was not until 
about 18110 that tho intervention of living 
organisms in formtntation and putrefaction was 
rendered probable. In tliat year, Schulze 
showed that infusions of various animal and 


Tcutonii^ root, j/scti, to froth, from which (he 
word yeoJit is also derived) and to the agent by 
which it was caused (yeast, as abovt*, leaven. 
hmirc, from the Jait. Ic.inrc, to raise; IJ(j'<\ 
(jor. hehen, to lift; referring to the vi.sing of 
the scum of yeast m fermentation and the rising 
of th(! dougii in baking). 

Tho term ftrmrntaUon was at first ajiplicd 
without distinet um to all eliangcs aeeonipaiued 
by olfervoseem'e, but after lOhtt (Sylvius <lo la 
Boe) gradually Ix'cauie hunted to aleoholi<- 
fermentation, along with suidi eases of acid 
fermentation and jmtrefaetion as were accom¬ 
panied by evolution of gas. 

Further knowledge of the cliemjcal uaturc^ of 
fermentation came from the exjieriments of 
Lavoisier (178tt), who showed that in al(;()holio : 
fermentation, the sugar was quantitatively 
decomposed into aletjhol and carlion dioxide 
(together with some aa^tic acid). Tlicso rela- ! 
tions wore rendered more priieiso by tSav- ; 
Lussao (1810), whoso eonclusions may tie 
summed up in the equation of alcoholic fer- 
mentation: 

Fermentation was looked upon as a chemical 
irocosa sot up by an unknown agent, termed the 
erment, produced by the oxygen of tho air 
from the Iruit juices, &o., whieli underwent tho 
ohange, this view being founded on the observa¬ 
tion (Oay-Lussao) that boiled grape juice only 
fermented after exposure to aTr. The process 
of fermentation had been ix'gardod by Willis 
(1859) and Stahl (1G97) os consisting in a violent 
internal motion of the particles of the fermenting 
substance set up by an aqu^us liquid, a con¬ 
ception which was teplaood by that of catalytic > 
force by Berzelius (1839), according to wfiiich 
the ferment, like other catalytic agents, was : 
found unchanged at the end of the process. 
Liebig (1830), on the other hand, held the view ^ 
that tho ferment was an unstable body which j 
itself underwent decomposition and tliat it was 
the internal motion duo to this wliich was 
transferred to the fermentable substance and 
brought about its decomposition. action 
oD^pi^nisted as long as this metamorphosis of 
the rarment was in pn^reea, and caiK.a to an end 
when this qeased. The ferment itself was re¬ 
garded, in agreement vith Gay-Lussac, as behug 


vegetable materials remained free from all 
yiutrefuctlon, if, after tiioy had been well boiled, 
they were only allowed to conui in contact with 
air which had passed through sulpliuric acid. 
'I’he same thing was subsequently shown by 
■ S<*hwami to liold if tlic luhmtted air were heated, 
- and the observatioiiN were extended to alcoholic 
h'rmenlation. The conclusion was drawn by 
both these investigators that jmtrefaction was 
cauHt^d by living germs present in the air, which 
dovelojK'd in tho putn«cible liquid. The 
mier(wcoj)ic exaimuation of a fermenting sugar 
Mohitum revealed tho )»rcaenco of yeast ceils 
capable of reproduction by budding, and 
Scliwaun attributed t-o this living organism, 
which he named ‘ Zuckerpilz ’ (sugar fungus), 
tlie production of alcoholic fermentation, 
(kirioiisly cmougli, almost simulteneou-sly with 
Schwann, two other investigators, Cagniard- 
^Jjatour m France and Kiitzing m Germany, 
came imUqiondently to the same conclusion, as 
llio result of microscopic obervations. These 
concluaions were rejected by Berzelius and 
Lii'big, who replied to thorn by the thoorios 
already mentioned, but, in spite of this powerful 
opposition, they gradually won for themselves 
a considerable body of adherents, especially in 
Germany and among those engaged in brewing 
Hefe, Faulniss und Gahrung, 208-229, 
Berlin, 1904). 

I’he evidence in favour of this vitalistie view 
of tho cause of fermentation was greatly strength¬ 
ened by tho experiments of Semroder and von 
Busch (1864), who discovered the important fact, 
which has proved to be an almost indispensable 
feature of bacteriological technique, that air 
lost its power of producing putrefaction when it 
was simply liltenMl through cotton wool. Many 
difficulties, however, still remained unexplainea, 
which prevented the universal acceptance of the 
vitalistie view. Milk, for example, was found 
to become sour after having been boiled, in apite 
of all ^precautions/and no oi^^anism could be 
recognised in it capable of produoms the change. 

I Moreover, other fonnente existed such u 
diastase (Dubrunfant, 18^; Payen and P^scft, 
1833), which, like yeasty lost Gieir power (A 
action when heated, and yet were ooznpletdy 
Boluble in w&ter a:^ devoid of all tnoe of 
organisation. 

The final proof that finmentative ehangee in 
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geiMnJ, Buob as Uie olcohdiio and Uotic ler> 
mentatioai,, piitrefa>c<»oi3t> Ae., were actually 
produced living organumA was afforded 
by tbe classical researches of Pasteur (Compt. 
rend. 1S57, 46, 913). Pasteur. showed, in 
the clearest pc^ible manner, that every 
fermentation was produced by a specific 
organism. He regaraed fermentation as in- 
di^lubly bound up with the life of the 
organism, and summed up his conclusions in the 
aphorism, ‘ No fermentation without life.' The 
recognition of micro-organisnis os the cause of 
fermentation rendered it necessary to differen- 
tiato between these so-callod organised ferments 
and the substances, such as diastase, iiivcrtaHC, 
pepsin, Ac., which had gradually become known, 
and which could be extracted from the higher 
planto and animals and even from micro- 
organisms, and were therefore known at first as 
soluble ferments, and later, following the sugges¬ 
tion of Kuhne, as enzymes {(y, in ; yeast). 

A long discussion then arose on the question 
whether any essential difference oxisU'd between 
the modes of chi^mical action of these two classes 
of ferments. Moritz Traubo fl8r>8) formulated 
the theory that all chemical action of micro¬ 
organisms was due to en/.yine« produced in the 
cell of the organism, and ho was 8U[jj>ort<Ml by 
Berthelot, Hoppo-Sc^yler, and many others. 
Pasteur, on the otlier hand, maintained his 
original thesis, and, stimulated by his discovery 
((kimpt. rend. ISIU, 62, 344, 1200) that many 
micro-organisms could live m the absence of 
free oxygen, developed the view that fermenta¬ 
tion was life without, free oxygen, the physio¬ 
logical function of the pro(!c«8 being to supply 
the organism with tbe oxygen or the energy 
necessary for its metabolism. Pasteur's theories, 
aided by his briiliMit exposition and ingenious ‘ 
experiments, gained the day for tlie vitalistic - 
view, especially as the supporters of 'rraube’s 
conception were unable, in spite of many 
attempts, to adduce positive evi<i(;iice of the 
isolation of an enzyme capable of producing 
one of the fermentations characteristic of living 
organisms. A middle path was taken by 
N&geli, who suggested the idea that the power 
of producing fermentation was restricted lo the 
living protoplasm of the cell, and consiste<l in 
the toansference of a molecular vibration from 
this to tbe fermentable substance. 

This theory was disproved ayd tiie original 
idea of M. Traube strikingly confirmed in 1897 ' 
by ISduard Buchner, who succeeded in preparing 
from yeast a liquid capable of fcrmentii^ sugar. 
It has since been shown that the lactic and acetic 
fermentations can also be produced in the 
absence of living cells. Buclmor’s experiments ' 
disprove the vit^stic theory as held by Pasteur, . 
and the view is now generally adopted that 
micro-organisms produce chemical cnangc by 
means ‘of enzymes present in their cells. The , 
ohemic^ chimes produced W micro-organisms ' 
cu« thus brought into line wi^ those effec^ by ; 
the numerous and well-known enzymes secret^ 
bv the ceils of various organs of tbe higher 
juanta and arumals as well as by micro-organisms, 
mid the modern conception of fermentatiof^ 
emlnaocs all the different changes, produced by 
Miese radoos agents. 

Gtaaral propartiet oi cncymes. It has been 
lonod that mzymee Ining about chemical 


change by acting as catalytic agents; that is 
to say, they grei^y increase the velocity of the 
particular reaction in question witlmut them* 
selves undergoing any permanent change. No 
very definite criterion of an enzyme as distin* 
guished from a catalrat in general, exists, but 
the term is gencrcdly limited to catalysts formed 
by living organisms, and it is an almost in¬ 
variable rule that enzymes in solution are 
thormolabile, losing their activity as a rule 
rapi(4ly at 70°. In the absonoo of moisture, on 
the uiber hand, they are much more stable, and 
may bo heated in some oaH<« to 110° for a con* 
sidcrablo time without being destroyed. In • 
this re8i>ect, the inactivation of enzymes by 
heat bears a close resemblance to the heat 
coagulation of proteins (('hick and Martin, J. 
PliysioL 1910, 40, 404). 

Chemically, the enzymes arc presumably of 
a very complex character, but they have, up to 
the jircKcnt, evaded the skill of the chemist, no 
OIK' of them having been isolated in a pure 
condition and submitted to investigation. It 
appoai-H, however, to liave been established with 
Homo dcgi-eo of probability that certain enzymes 
(pojwin, (liaHtaso) arc not proteins. All enzymes 
ap]icar to form colloidal solutions, and in agree* 
mont witii thiN they only jkissobs very slight 
powers of diffusion, so that they only pass 
slowly ■ and imjierfcctly through the ordinsxj^ 
dialysing inonibraneB. 

Ecto- and Endo enzymes. In many cases, 
the enzymes, after being elaborated in the cell, 
are excreteil into the surrounding medium, in 
which they produce their charac^ristic effects. 
This is the case, for example, with some of the 
digestive ferments of the animal body, the 
jityalin of the salivaiy gland, the pepsin of 
the stomach, the tryiisin ot the pancreas (in this 
cane in an inactive form) being all poured into 
Home portion or other of the alimentary caned. 
In oilier cas(w, the enzyme docs not pass out of 
the cell, lh(5 chemical change in question taking 
place inside the cell. The licat known cose of 
this kind is probably that of alcoholic ferments* 
tion, which occurs entirely inside tbe yeast cell. 

A second point fif difference lies in the be¬ 
haviour of enzymes towards solvents. Many 
enzymes (ectoenzymeft) can readily bo extracted 
by such solvents as water, noitnal saline (0*8 p.o. 
sodium chloride solution), and glycerol from tbe 
cells after tiie organism has di^. Thus pepsin 
and chymase, the enzyme of rennet, can be^ 
extracted by weak acid or glycerol from the 
membrane of the stomach of tne calf or other 
animal. Others again cannot bo removed from 
the cell in this way until the cell wall has been 
ruptured, or rendered permeable by drying 
or treatment with reagents, and these are tennea 
andoenzymes or intracellular enzymat. Tbe auto- 
clastic enzymes of the animal bi^y are instances 
of this, as arc also the zymase and tryptose of 
yeast. 

Extraction of enzymes. These facts provide 
the clue to the practical methods adopted fOfC 
the extraction of enzymes. 

1. supple enzymes con be extracted fay 
digesting the finely divided maieriid 
contains them with water, saline, or glywHn. 
The enzym# solution is then poOred off, prwsed 
out or separaW by centrifugalisatk>% accord^ 
to circumstanott, and eittm nood direot^y or 
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submitted to iiomo pru<;o 8 H of puritication. In 
some cases it is necessary or advisable to treat 
the material with dilute acid to convert the 
inactive proenzyme «)r zymogen of the cell into 
the active eiizymo. An in the in«»tance 8 of 
invortoKo and maltaHo, it is often essential that 
the cell shall be kilh^d before being submitted 
to extraction. Tins is best accomplished in 
those cases by treatment with chloroform or 
ether (invertase) or by drying and heating the 
yeast (maltose). • 

2 . ImoMAe. or iudo-t'UzymcH arc extracted 
hy first of all rupturing the cells by some process 
of grinding, and then removing the Hc^uid eell 
contents by sjmjile priwsure with or without the 
addition of some suhstan<‘e lik(‘ kieselguhr, 
which greatly facilitates the process, but lias 
the disadvantagi* of retaining some- of the 
enzyme. A tyjjieal instance id tins is afforded 
by the preparation of yeast juiee from yeast by 
the metliod of E. nml 11. itucliner and Halm, 
which is deecrilK^d below umler the heading of 
Alcoholic fmiu’ntation. lu other eases, the 
tissue or organ may be simply minceil or frozen 
and finely sliced, and may then be e.xtraeled 
with water or saline. 

Dry preparations of enzymes. A solution of 
an enzyme in an aqueous fluid uft^ui loses its 
.characteristic iiropi'rties very quickly, cither 
on account of tlu^ instability of tlu^ enzyme 
itself, or because of the jm'senee of other enzyuncs 
which bring about its deeomjiosition. Such 
solutions are, inoreo\er. extremely liable to in¬ 
fection by moulds, yeasts, and bacteria, and 
miuit either be k<‘|)t at a low temperature or 
treated with some antisejitie. Dry preparations 
arc found to b(^ muoh mon' ptwmanent, and. 
when quite dry. can be kept for long periods 
without undergoing mucli loss of power. 

They may oo obtained, in the first placi-, by 
the evaporation of the solution in mctid at os 
low a tomiieraturc as possible, the product being 
usually a scaly mass. A second and often more 
convoniont method eonsists in preeipitation by 
alcohol, nearly all enzymes being insoluble m 
70-1)0 p.c. alcohol. Tlio chief practical difficulty 
of this method iuvj in the fact tliai aqueous 
alcohol freiiiiently ap])oar 8 to exert, an extremely 
detrimental effect on the enzyme, so that the 
process must in such coses bo carried out with 
great rapidity. The final dehydration is usuallv 
effected by treatment of the priM'initate with 
absolute ah'ohol and then witli ether, a fine 
white powder being thus obtained. 

It IS not, however, in all cases necossarv to 
’ extract the enzyme from the organism which 
contains it. Thus, for example, crushed castor- 
oil seeds arc commonly used for the purpose of 
decomposing fats by means of the lipase which 
they contain. Buchner and his colleagues have, 
moreover, been able to effect several types of 
formtmtation (alcoholic, lactic, acetic) by moans 
of the colls of the organism, which have been 
simply killed by dry heat or killed and dehy¬ 
drated by treatment with alcohol and ether or 
acetone. 

ilNnificatlon of enzymes. The puiparations 
oll^dped by the foregoing methods are all 
eA^mely crude, and contain, in addition to 
other enzymes, laige proportions (d extraneous 
matter, chiefly eonf^ng of mineral salts, 
especially phosphates, proteins, and carbo¬ 


hydrates. Many attempts have been made to 
remove these by various processes of chemical 
precipitation (lead acetate, Ac.), salting out, 
dialysis, treatment with yeast to remove sugars, 
Ac., and thus to arrive at a pure enzyme. 
Some of these cases are mentioned later on, and 
there is no doubt that a considerable degree of 
purification can be effo(!ted by these methods. 
The usual experience has, however, b 6 en that 
with increasing freedom from such substances, 
the enzyme becomes more and moi-e susceptible 
of change, and finally loses its activity ^ore 
anything which can lie regarded as an individual 
chemical compound has bt'cn isolated. 

Mode of action of enzymes. Enzymes act as 
catalysts, but differ from catalysts of known 
syminotrical constitution in being specific in 
their action. The three disaecharidcs, sucrose, 
ranltose, an<l lactose, for example, arc all 
hydrolysed by the same acids, although at 
different rat(», whereas each of them requires 
for its enzymic hydrolysis a special enzyme, 
which haa no action whatever on the other 
two. The most probable view as to the mode 
of action of enzymes upon the substance to be 
decomjmscd, known us the avOntrafe. or zyinolytc, 
iH tliat ill the first place some sort of combination 
between the two occurs, and that this is then 
followinl by tlio comparatively slow breaking 
up of this complex, with liberation of the 
enzyme and the products of decomixisition of 
the zymolyte. As soon as a eerlain limit of con¬ 
centration of the sulwtrate is reached, therefore, 
the limit of this rate of decomposition is attained, 
and any furthi^r mcrcaae in the concentration of 
the substitute is then unable to produce any 
increase m the number of decompositions per 
unit of tune, or in other words, alter a certain 
concentration is reached, equal amounts of the 
sulxstrate will be decomposed in equal times. 
Jn presence of an excess of enzyme, on the other 
hand, the rate of action will vary with the eon- 
centration of the substrate. These conditions 
a])p(*ar to be realisable in most cases of 
enzyme action, but since the absolute con¬ 
centration of the enzyme is usually vorv 
small, decomposition of equal amounts in equal 
timi'H is usually the more obvious. 

Most of the enzymic decompositions which 
have been studied from this point of view are 
cases of liydrolysis, which, in the presence of 
acids alone follow the usual course for which the 
equation K=l/fflog aja—x) holds. This same 
expression often but not invariably hol^ for the 
enzjTnic reaction when excess of enzyme is 
present, at all events over a short range of con¬ 
centration. When, however, tlio rdations of 
concentration are such that equal amounts are 
decomposed in equal times, K, calculated by the 
foregoing expression, would increase with the time 
instead of wing constant. On tho other ha^, 
anything which Imeas the effective coifoentra- 
tion of tho enzvmg will lower the rate of action 
and t'ad to a decrease of K. In many enzyme 
actions, there are at least throe causes which tend 
to produce this effect. In the first place, the 
enzyme itself tends to becoiqe inactive. This 
Change sometimes proceeds too slowly to have 
any effect on the result (e. 9 . in Senter’s experi¬ 
ments on the decomposition of hydrogen |>erQjdd^ 
by hiemase); in otiier cases, it occurs so rapidly 
as to influence the veloqity very p^ceptlUy fap. 
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in oloohoiic fermentAtion yeaat Juice, in which : 
the fennontation ceases for this reason). In the 
second place, the products of the reaction often 
dirainisn the rate of change to a greater or less 
extent. Thirdly, a state of «^uilibrium is often 
attained short of complete det^omposition, and 
this also caus^ a decrease in K. Very valuable 
information can be obtained about the course of 
the reaction by dett^rraining the initial velocity 
of the change uad(T various conditions of con¬ 
centration, as tlieso inhibiting influenci's arc 
thereby, to a !argo extent, eliminated. In this 
way, A. J. Brown showwl that the apparent 
monomolecular course of the inversion of cane 
sugar by invertase was, in reality, duo U) 
secondary eifects. When a series of concentra¬ 
tions of sugar were taken, the initial rates of 
change were found to ho equal, whereas in 
presence of the products the rate of change 
dirainisheil almost in agreement with the mono- 
molecular law. This same effect ib obvious in the 
results of Hudson with cane sugar, and of Kastle 
and Loovonhart with the ueeompobiiion of 
ethyl butyrate by lipase. 

It appears, therefore, tlAt, as a rule, the 
velocity curve of an enzyme rt^action cxprossiis 
the resultant of a very complicated Kystern of 
phenomena, anti can only lx? jmiporly inlcrjiretod 
when a considerable numlM'r of expcriimmts have 
been made to ascertain all the factors concerned. 

When the sulwtrate is prttsent in large excess, | 
increase of concentration of the enzyme fre-' 
quently increases the ratt? of change jiropor- 
tionaJly, in agreement with the usual cxpcrieucc 
with inoiganic catalysts. This is, for example, 
true for invert-ase. tn some cobCK, however, the 
rate increases in proportion to a fractional power of 
the concentration offerment. This is the case when 
pepsin acts on dissolved albumins, the amount of 
action in equal times being proportional to the 
square root of the concentration of pepin (Schiitz), : 
and a similar rule appears to hold for many 
enzyme actions, it is explained by Arrhenius on 
the ground that the enzyme comliines with the 

E roducts of the reaction (Immunocliemie, 
eipzig, 1907). In other cases, the amount of 
action is found to bo constant when the jiroduct 
of amount of ferment and time is constant, or ; 

This holds for the action of pepin’ 
on coagulated albumin, for that of trypin on ^ 
caseinogen (Hedin), and in many other coses. 

The inhibiting influence of Xho products of: 
the reaction is in many cases spcific, numerous 
instances of this having l>een observed among . 
Uie sugars and amino-a^nds. Thus invertase is 
inhibit by fructose (A. J. Brown), but not by 
glucose (Armstrong); lactase by galactose but 
neither by fructose nor glucose, &c. 

As regards the nature of the combination 
between enzyme and substrate, very little is 
known. Many investigators, however, adopt the 
viow'of Bayuss that it is of the nature of 
adsorption between the pai^icles of the colloidal 
enzyme and the substrate, and find inajbhis an 
explanation of such.relations as are exemplified 
by the proportionality between amount of action 
and the square root of the concentration of 
mizyme, discussed above. It is in favour of tSs 
view that enzymes are colloidal substance and 
that coixyme actions are th^efore cases of cata* 
1]^ in beteRM^eous systems (s«« Bayliss, 1919, 
The Nature of Ehhyme Action, vii.l. ‘ 


Whatever the nature of the oomblnaticm, it 
appears to render the enzyme Ices susceptible of 
change whether by rise of tomprature, epn* 
taneous decomposition, or the action of other 
enzymes. 

Conditions of enzyme action. The rate of 
action depnds on several factors, in addition 
to tlie concentrations of enzyme and substrate. 

Tem'peratnTe. —The effect of tomprature is 
primarily to raise the rat© of reaction. The 
temperature coetlicients of enzyme actions arc, 
in general, of the same order as those of ordinary 
ehrmical changcR (oiiiulsin, aiuylas(i, rennin), 
but are Hometiim*« considerably higher (trypin), ► 
and in other cosoh lower (lIpaHC, catalase). The 
fact that rise of temperature gradually inaoti- 
vat«?« the enzyme giv<*K riso to tlio phenomenon 
of an optimum ternperature above which rise of 
temperature eausos a de'crease in the measurable 
rate of the roatditin. This optimum naturally 
varies with the duration and conditions of the 
cxporimeiit. 

Uydrotjen ion concenlralion [H']. It has 
been shown by Sorenson (Bioe.hom. Zoitsoh. 
1909, 21, 131, 201, 279; 22, 352; that tlus 
is a most important factor in enzyme action, 
affecting both the rate of reaction and the rate 
of inactivation of the enzyme. For each enzyme 
an optimum |H‘J exists, and according to 
Michaelis (Bioehem. Zoitseh. 1909, 10, 81, 480; 
17, 231: and many other papers), who regards 
the enzymes as amphoteric electrolytes, this is 
the [H*] at which tlie greatest number 
of active molecules of enzyme exist, these being 
in some cases the anions (diastase, maltose, 

' trypin), in other the cations (ppin), and in 
others the electrically neutral iiarticles (in¬ 
vertase). In practice, Sorensen’s ^buffer’ solu¬ 
tions, such 08 mixtures of the mono- and di- 
hydrogen ]ihosphates, can be used to regulate 
the [H‘] and thus ensure the optimum or any 
other Required condition. 

Inaciivalion of tmymcts. All enzymes in 
aqueous solution become inactivated when the 
temperature is raised sufficiently, but the rate of 
inactivation varies for the different enzymes, euid 
alsodepnds very greatly on the [H’Jof the solu¬ 
tion. It is usually very rapid at about 60®-70°, but 
in a few cases (some oxides and proteases) the 
enzyme is not completely inactivated by boiling 
for a few minutes. The process of inacrivation 
takes the course of a monomolecular reaction (per¬ 
oxidase of milk), and the temperature coefficient 
of the change is in this case exceedingly high 
(2 for 1®, Zilva, Bio-Chom. J. 1914, 8, 668) and 
*almo8t equal to that of the denatumtion of 
albumin by heat (1'9, Chick and Martin). 
Enzymes are also inactivated at atmospheric 
temperatures by acids, and even more readily 
by Malice. 

Reversibility of enz^e aetion: synthatlo 
setion tOf enzymes. Since enzymes act m 
catalysts, it might be expected from analogy 
with catalysts 5 known composition that they 
would bring about conditions of equilitmnsn 
affecting the velocities both of the reaction 
itself 9^ of the reverse reaction (Tammann, 
Zeitsch, physiol. Chem. 1892, 18, 271). Thw.it 
might be expected that an enzyme which oMm 
; the hydidVsis of a dhiaecbaride into two hexose 
molecules amnld, when added to a mixtwte of 
these two hexoses in tifti proper conoentn^on, 
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syntheeitie the dUaocharidi^. In each case the 
reaction would nrooced until equilibrium wa« 
produced, and the same equilibrium would be 
attained whether the diHaccliarido or the mixed 
hoxoBOft formed i)i(» Htart<iii^-point. 

This extremely important property of 
enzymes was iirst experimentally dcimonstrated 
by Croft Hill ({Jhem. Soe. Trans. 1898, 034) in the 
ease of the action of maltasc on maltose, and so 
many instimces have since boon observed that 
roversibiliiy of action may now almost ho fRikeii 
as a ffoneral properly of cn/.ymes. 

Tho simphwi case, so far observes!, is the 
action of lipase on esters of the fatty aifids 
which oxluhits all tho uharaetoristie fealur«-s of 
a Toversihlo reaction (Kastlo and ]»evenhart, 
Amor. Ohoin. .1. 1900, 24, 491). Tliose ob¬ 
servers found that th(5 hydrolysis of ethyl 
butyrate by the lipase of tlu^ pam-reas or liver of 
the pig was always ine<nu])lote, an<l that wlion 
this ouzymo was added t(* a mixture of butyric 
acid and alcohol (N/3U), about fi p.c of tiie 
hJtyrio acid was eonv(‘rte<l into ethyl butyrate 
in 40 hours at 25", no esUu- Ixung formed in a 
control experiment, with the boiled enzyme 
solution. 

The reaction studied by Croft Hill deservc's 
consideration as the tirsl. obHor\<sl vuac of 
syntheaia resulting from <‘U7-yme action. The 
quango in <|Uustion was subsequenUy found to 
bo of great eomplexity, ami unaniinity of opinion 
on tho miftstion lias not. yet Ium'u attained. Tho 
esBontial facts oliserved by Hill were : (1) that. 
when concentrab'd glucose solution was acted ; 
on by the maltase of yi^ast, a portion of the ■ 
glucose was convertK'd into a disaecharidc of j 
higher mtation and lower nMlmung power; (2) I 
that when such a solution was diluted, th<i 
disaccharido was rceonvertod almost eoinjiletely 
into glucose. These obstu-vations wen; inter- 
pretou to mean that in concentrated solution, a 
certain proportion of maltose (16 p.o. of the 
glucose m a 46 p.c. solution) had Imh'ii formed 
synthetically from tho glucose, and that on 
dilution the condition of equilibrium had been 
shifted in the directiou of almost complete de¬ 
composition of the maltose liack again into 
glucose. It was, however, subsequently found 
by Emmerling (Ber. IIKH. 34, (HM)), that the 
disaooharide formed consisted chiefly of a sugar 
isomeric with maltose, which was identified by 
Kmmorling as the taomaltose obtained by 
Fischer by the action of aiuds on glucose, but 
was regsj'ded by Croft Hill as a new sugar, 
revertose. E. F. Armstrong (l*roc. Roy. Soc. 
B, 1905, 76, 692) confirmed Kmmerliag’s result 
as to the nature of the chief piViduoi formed, and 
further obtained tho paradoxical result that 
emulsin wliioh docomposos fsomaltoso, but not 
maltose, converts glucose into maltose, and not, 
as might liave been expected, into tVomoltose. 
Each enzyme, therefore, according to Arr&strong, 
produoee from glucose the disacoharide whi^ 
it is unable to hydrolyse. 

This remarkable result has not yet been con* 
firmed, and Armstrong did not ascertain whether 
the jnaltose formed by the action of esAilsin was 
deq^^poaed hy the same eniyme preparation 
when ila solution was ^uted. Mor^ver, only 
a very smali propoitka of maltose, appe^ to 
have been fOrmea Th| simidest expLuiation of 
Crnlt Hill’s experiment seems, themore, to be 


that adopted by Bayliss, that the maltase em* 
ployed contained emulsin (which has since that 
time been shown by Henry and Auld (Proc. Boy. 
Soc. 1906, B, 76, 668) to bo present in yeast), and 
that each enzyme syntliesisod from glucose the 
particular disaccharido which it was capable of 
decomposing {see also K. F. Armstrong, The 
Simple (larboliydrates and Glucosides, 76; 
Fajana, Zeitsch. physikal. Ohem. 1910, 73, 26 ; 
75, 232). 

A HuggoHtion has also been advanced that 
, the Hyiithi'sis and hydrolysis of tlui same com* 
pound aro effected by different enzymes which 
occu r together but aro each only able to discharge 
' tlu5 single function of hydrolysis or synthesis 
(.'I'cc Rosenthaler, Bioclumi. Zcitsch. 1908, 14, 
;238; 1909, 17, 267). Tins idea is rendered 
i improbable by tlio fact that in many cases the 
! same state of e<jmlibiium is attained when 
enzvnu*s of ditferont origin are employed, and is 
moreover inconsistent with the conception of an 
' enzyme as a catalyst (Bayliss). 

Jb IwiH, bowover, heeii jiointt'd out by Fajans 
' (l.r.) that tho enzyme ilscif probably takes part 
in l.be cij^uilibrium, and tliat therefore alteration 
in its concentration might affect the state of 
equiUhriiim. This fact would also explain the 
observation that the t^uilibriiim in certain 
eosi'H of decoiuptisition of acid esters is not the 
same when attained by the use of enzyme as 
when brought about l>y acid. The pfEkctical 
conditions necossary for the demonstration of 
synthetic enzyme action arc well exemplified in the 
work of liourquelol (numerous papers in Compt. 
rend, since 1912), who has pi-opared a largo 
number of glueoHidos from their products of 
hydrolysis by the action of emulsin. For this 
purjmse he has found that the essential condition 
is the limitation of the amount of water present. 
Thus a solution of glucose in 85 p.c. alcohol is 
partially coiivertt'd by emulsin into fi*ethyl- 
gluoosiJe, whereas this compound in aqueous 
solution is almost completely hydrolysed by 
the same enzyme. The synthetic action of 
enzymes is of enormous importance in the 
biological chemistry of tho living organism, 
since it is piobably by the aid of reactions of 
this kind that tho whole work of building up 
tho tissues is etfeeted. 

Asymmetric and selective action of enzymes. 
H has been shown by the researches of March* 
wald, McKenzie, and others (Ber. 1904, 37, 
349, 1368, 4696 ; Chem. Soc. Trana. 1906, 1373 ; 
1906, 688) that in a reaction in which an oaym* 
metric carbon atom is produced, the two 
possible optically active isomerides may be 
produced in unequal quantities provided that 
the possibility is afford^ by tho introduction of 
an optically active radicle that the resulting 
compounds shall not be ojitieal antipodes. 
Thus the reduction of pyroracomio odd 

CHy-CO-COOH 

leads tC' the formation of inactive (if*lactio acid 
CH,'OH(OH)-COOH, whilst the Toduction of 
menthyl pyToraoemat<i CH,*CO’COOC,„Hi» pro* 
ceeds osymmeMcally and yields an excess of 
the ester of the bacid. More recenHy, it has 
been shown by Bredig and Fajans (Ber. 1908,41, 

752) that a catal^ie reaetion may prooeed 

asymmetrically w^n the ^tslyst is Itoelt 
I qptio^y active. This has be^ found to be the > 
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ease when {•niootine is employed to cataiyae the ; 
cte«ompc«itioii: of dl oamphorca^boxylio acid, I 
the d>acid heing in this case the more rapidly 
deoompo^d. This is precisely analogous to! 
what occurs in many enzyme reactions, the' 
asymmetric catalyst being in these cases the j 
pa^icular enzyme involved. There is, it is 
true, no /direct positive evidence that enzymes | 
are optically active substances, since, os already i 
mentioned, no enzyme has as yet been isolate^F, 
but there is a strong jirobability that this is ' 
the case. • I 

A good example of this >isyminetric enzyme ! 
action is to be found in the work of Dakin (J. | 


Glucose forms two stereoisomeric methyl 
esters, which only differ from one another in the 
arrangement of the groups round the terminal 
carbon atom, so that their configurations may be 
represented as follows :— 

OHCH O OUCH 6 

* HO HO 

HOOH HOOH 


rhysiol. 1(K)4, 30, 253), who sfiowod that the two 
optically active components (d inactive dl- 
mandelic. eater, which arc hydrolysed at cijuai 
rates by alkalis, arc decomposed at <hffcrent 
rates by the fat-splitting enzyme or lipase of 
the liver, the dextro- <ister being the more rajiidly 
hydrolysed, so that afUir tlie ix'inoval of the 
resulting acid, the residual wUt js la‘vo- 
rotatory. This action is probably to Ik‘ ex¬ 
plained by tlie formation tif compounds between 
the enzyme and ein h of the ernnponents of <(l- 
maiidelic ester. The enzyme being, as explained 
above, itself an optically active substance, two 
different compounds aiHi loniied and tbaso are 
decomposed at different rates. Many mstanew 
of this asymmetry of action are known among 
the chemical change.s ])roduc(“d by muTo- 
organisms. Thus tl»‘ oxidation of inactive 
hydivixy acids (.McKenzie and Harden, (3ien). 
8oc. Trans. 1003, 83, 424), and of the amino 
acids by moulds, whii h was used by J‘astcur for 
the resolution of such compounds, proceeds in a 
precisely similar manner; both of the com¬ 
ponents aro attacked, but ono more rapuUy than 
the other. Similarly, the so-called al(;ohoIic 
fermentation of the amino acids by y<5ast, a** 
the result of which they are converted into 
carbon dioxide, ammonia, and an alcohol, takes 
place more rapidly with one of the comjionents 
than with the other, so that by this means I- 
alanine and d-teucine can readily l>o prepared from 
the inactive synthetic acids (Khrlie,h, Bioithem. 
Zeitsoh. 1000, I, 8), the other comfwnont being, 
in each case, more easily decomposed. 

An extreme case of tKis asymmetry of action 
is presented by many enzymes which only act 
on one stereoisomoride, and leave the other 
entirely untouched. Some remarkable in¬ 
stances of this kind have been revealed by the 
researches of Fischer and his colleagues on the 
enzymes which bring about the hydrolysis of 
tlm dieaccharid<M and the glucosides. The 
rations between enzyme and zymolyte, which 
exist in this group of compounds, have been 
likened by Fischer to those which exist between 
a look and key. The enzyme is capable of 
combinii^ with one stereoisomcride, but is of 
such a structure that not only does the change 
to the apposite optical isomeride prevent oom- 
iunatlon, nut even a chaise* in the arrangement 
of the groups which ^ndition asymmetry round 
a singK carbon atom in the molecule of the 
sugar, just as the change of a single ward of a 
lo» prevents the key from fitting it. The 
cl eMa si ^ example of tlw relation is afforded by 
th« behaviour c4 maltase on the one band, and 
etaokin on the other, to the various disaocharides 
and glnooeidee. 


(:H,0H Dll ,oh * 

a-UetbylslucoHide. /i-Methylglucoslde. 

One of thcKo arbitrarily known as a-methyl- 
glucoHide, and the oilmr us ^-methylglucoside. 
Of thcMc, the a- comjxiund only is at^ked by 
maltaso and the j8- compound only by emulsin, 
and pnu'iwely similar relations exist between the 
a- and j8-olnyl glucosidoH. Xlenco maltasa has 
received the mort‘ precise name of a-glucosidaso 
(or soinetinuiK a-glucoHo), whilst emuUiu (or tliat 
conutituent of the complex usually termed 
; emulsin, which effects tins particular change) k 
I t(‘rrncd d-ghn-oKidase. Ncitlior of thoiie enzymes 
will attack the and a-methyl glucosides of 
1 /-glucoMc, whi(4i uic the exact optical antipodes 
or ‘ mirror irnag<*8 ’ of the a- and ^-methyl. 
d-gluco«)(leH, and moreover they also have 
acd’ion on the <-orrcHponding derivatives of 
d-mannose, </-gaiuct»)8c, and /-xylose, although 
m each of these three coses the difference 
between the iinaltacked compound and the 
I correspomlmg glucose derivative extends only 
I to one carbon atom. Dn the other hana, 

! /3-methyl tetramethyiglucoBidc, in which four 
j of th(» hydrogens of the hydroxyl- grouj» of 
I /3>mothyi glucosidc have l>ecn replaced by methyl, 
IS hy<lroiy8cd by emulsin, so that this extensive 
introduction of the methyl-group has less effect 
than a change in the symmetry of a single 
carbon atom. 

The other enzymes capable of hydrolysing 
disacoharidee ore equally specific. Invertase, 
for example, hydrolyses cano sugar (and poKiibiy 
raffinose, which, like cane sugar, contains the 
fruc.tosc group), but has no action on maltose, 
lactose, or the a- and jS-methyl glucosides. 
Similarly, lactase only attacks lactose, and'not 
canc sugar, &c. 

The alcoholic enzyme of yeast also possesses 
a highly specific character, but is not affected 
by such small changes in configuratirm as are 
maltase and emulsin. Thus d-glucose, d-man- 
nose, and d-fructoMc are all fermentable by yeast, 
whilst, on the other hand, bglucose, l-mannose, 
and 2-fructoso are not fermentable, and this is 
also tnio of the p<mt<iHes. 

Similar results liave been obtained by Fischer 
and Abderhalden (Zeitsch. physiol Ghem, 1905 , 
46, 52) in examining the action of panoreatio 
juice on the synthetic polypeptides. Ottly 
iiolf of the inactive compound is attackecl and 
the products of hydrolysis aro always those 
active amino-acids which are coutained in thf 
natural proteins. Thus tff-alany^lycme ^ 
CH,*CH(NHD*C0-NH-CH,<!(X»H ^ 
yielded gMne and d-alaoms as hydrolysis 
products, /-aknylglycioe (being 1^ d&Wa^ad, 
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All thcBc facte afford the strongest evidence j 
that combination between enzyme and zymolyto ; 
precedes the decomposition of the latter, and 
then; is little doubt that similar conditions hold , 
generally for tlu; synthotic action of enzymes, ' 
although but few insianct'K of this have hithei'to 
b«*on Htudu'^I. A striking case in point is the 
combination between hydrocyanic acid and j 
bonzaldohycle. Ordinarily tiicse substances 
combine to fonii inactive iKmzaldehydc 
cyanohydrin ('«H 5 'OH(OH)'CN. When,^how-' 
ever, this reaction is carried out in the presence 
of omuLsin (or rath«;r of that ecmstitui'iit of 
emulsin wlu(;h is distinguished as liydroxy- 
nitrilase), the n'sulling product is optKaliy 
ictivo, a greater ])roportion of the d- than of tln‘ 
/■cyanohydrin liaving l)e(‘n formed (RosenthnliT, 
Biochem. Zeitsch. 15KW, 14, 2I1S), and in (*ne case ' 
the d- compound Iwiiig the sole product, ' 

In natui*e, the asyiniin'trv of action of 
synthetic enzymes is of tlie most far-n'aching ; 
importanc(% as is evi<l(!ncod hy such fa<*ts a^i : 
that the sugars, protems, and many other I 
naturally occurring (Compounds, arc all ojdically i 
active. Moreover, tlie asymmetry of action is ' 
Ho great that in many cas<‘s, c.ff tie' sugars, the | 
opti(;ul antijiodes t)f the coin}>ouiuls ajipear not ; 
to occur at all. I 

Zymogens, 'rhe formation of enzymes in the ! 
cell is a subject of groat imjKH'tanci*. about- which j 
very little is known. Jn many i-ases, however, | 
it has been ascertaincil that tie; cell eont-ams an | 
inactive substance, termed a zymogi'n or pro- ; 
ferment, wh'ch suhsoiiuontly hcconu's active j 
and can often be renden'il so by trt'atmcni with j 
dilute atid. A very striking inslanee is alTorded j 
by the inactive trypsimigim of the pancreas, j 
Tliis sulist-anee is conluined in paiiereatie jiiico, : 
and is quite inactive. When it is mixed with 
intestinal juice it is converted into active i 
trypsin, by the action of a specilic sulwtance 
known as enlewhinanc, which is itsilf in all ' 
probability an onzymo, A ease <»f even gn.‘ater 
complexity is that of the enzyme thromba^o, 
which brings about t iie clotting of blood. 

Coenzymes. Some onzyim« are incapable 
of producing their eharai'toristic effects in the 
abeonce of a second substance, usually of a less , 
complex character, wliich is therefore termed a 
coonzymo. The natui-o and functions of this 
class of substance are little understood {ttee 
Alcoholic fermnUalioii). 

Gluslflcetlon and nomenclature of enzymes. 
The nomenclature of enzymes is basod on the 
principle that the name should indicate the 
Bultetanco acted upon by tlie enzyme, and should 
end with the syllable whi<’h is adojited as 
a apocific termination, signffying ait enzyme. 
This system introduces some (liflieiilties, as 
certain compounds arc decomposed in different 
w^ by different enzymes {e.g. ainygdalin and 
ramnose), and some enzymes decompose many 
different compounds {e.g. the digestive effzymeej. 
These difficulties are avoided as far os poasiblc 
by the use of spei'ial terms, such as emulsin, 
tryptase, invertaae, lipase, and further specitica- 
tion is ^o sometimes attained by adding the 
names of the producto formed. 

S ae oonfusion exists in actual practice, 
to the name, not of the substardecom- 
but ol the product being prefixed to the 
termination *'ESC. TK'is alconolaae is occa¬ 


sionally used for the alcohol-producing enzyme 
of yeast, but such terms snould, as far aa 
possible, be avoided, as well as those which 
simply denote the origin of the enzyme, such aa 
honnase (for the catalase of blood). 

The simplest and most natural mode of 
classifying enzymes is by the nature of the re¬ 
actions wlii(;h thiiy catalyse. Each group may 
then be further subdivided according to the 
nature of the compound upon which the specific 
action i.s exerted. 

. The chief enzymes at pri'scnt known thus fall 
into the lollowing groujis, which agree in the 
main with tho.se adopted hy Oppenhoimer, 
Euler, an<l other writers. 

A. Enzymes proiiiicing hyilrolysis (hydro¬ 
lases). 

1. Liposiw, decompo.sing fats and esters; 
.somotirnes divided into : 

(o) Esternses, decomposing simple esters. 

(6) Upases, deconqtosing fats and Kpins 
(lipoid cornpouiidM), finch as lecithin, &c. 

2. Enzymes hydrolysing the nucleic acids 
and their primary products of hydrolysis 
(nucleases, &c.). 

3. Enzymes hydrolyfiing the complex sac¬ 
charides and glucosides (carbohydrafles). 

(rt) Disaocnarases, such as invcrtase, maltasc, 
lactase, inelibiasi;, &c. 

(6) Tri- andt-<;tra-fiaecharases,suchapraffina8e. 
(r) Rolyfiacclyirases. sucli as diastase or 
amylase, inulase, cytase or cellulasc, glycogcn- 
asi', Ac. 

(d) (llucosidases, such as cnuilsin, rhamiiase, 
&e, 

4. The digestive enzymes, or proteases, hydro¬ 
lysing the proteins, polypeptides, amides, and 
analogous compounds. 'J’his is a very complex 
group, the precise rclatioiiH of which are not at 
all undersUod, there being at present no avail- 
abh; information as to the number of enzymra 
concerned in such a process as peptic or tryptic 
digi'stion. A good deal of confusion exists in the 
nomenclature of these enzymes (sec Fisher, 
Biochem. J. 1919, 13, 424) 

(o) Simple amidasi^s, causing the hydrolysis 
of various amino-compounds, such as urea, 
arginine, adenine, &c. 

(6) Peptasos and ereptases, 
polypoptiuos into amino-acids. 

(c) Proteioases, which hydrolyse the albu¬ 
mins. 

(i) Tryiism or tryptase, comprising a large 
number ol enzymes, occurring both in animal 
and vegetable organisms, which decompose 
proteins and carry on the decomposition to 
the stage of polypeptides or possibly even to 
that of amino-acids. 

(ii) Pepsin or pepsinase, comprising the 
enzymes of the animal stomach and of some 
plants, which in acid solution hydrolyse pro¬ 
teins, producing albumoses, peptone, and 
jHilypeptides. 

B. Enzymes preducing coagulation (coc^u- 


1. Thrombose, which jftnduces the clottmg 
of blood. , 

2. Chymase, or rennet, which effects the 

curdlii^ of milk. v 

3. Pectaae, and similar enzymes. 

C. Enzymes producing oxidation (oxidases 
and peroxidases). 
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1. Alcohol oxidases, oxidising alcohol to 
acetic acid. 

2. Aldehydascs, converting aldehydes into 
acids. 

3. Pnrinoxidases, effecting the oxidation of 
the purine bases. 

4. Phenolascs, tyrosinasce, &c., which offcot 
the oxidation of many aromatic p-hydroxy- 
and amino* derivatives. 

J>. Enzymes producing reduction (rcdiu fiaes), 
or simultaneous reduction and oxidation. 

E. 'Enzymes prodticing decompositions in¬ 
volving rupture of a carbon chain. These are 
sometimes known os zynnises, or fermentation 
enzymes. 

1. Enzymes of lactic acid fcrmcnlation. 

2. Enzymes of alcoholic fcrmcmlation. 

3. Many other enzymes doubtloHs fail into 
this group, since them is iittio doubt tliiit the 
various fernRintative cliangi's brought about i>y 
bacteria, &c., ore largely due to cn/.ymes of this 
class. 

F. Enzyrni'S producing the decomposition of 
hydrogen peroxide into water and oxygen 
(catalases). 

Any attempt at a detailed account of the 
enzymes is impossible on m-count. of limitations 
of space, and only the best investigated can be 
even briefly d<*scribed. 

Enzymes rnoDirciNu Hyjjuoi.ysis. 

Lipase. Enzymes capable of liY<lrolysing 
fats, lecithins, and the alcohol t«tci-s of the 
fatty acids occur both in thi' animal and vege- 
table kingdoms. Some aiilhontics distinguisli 
lietwcen the t'ster-decoinposing enzymes, whieh 
they term e.8terasc.s, ami the true fat-spUtting 
enzym(« or lipases, but it is doubtful whether 
our knowledge of the subject is sufficient to 
justify this. The difficulty of discrimination 
between different enzymes in this group is 
greatly increased by the facts that not only do 
the enzymes themselves appear to bo insojubh' 
in water, but the fats are also insoluble. These 
circumstances render the detenuination of the 
rate of action extremely uncertain. 

The lipase of the animal Ixidy occur practi¬ 
cally in all t |)0 tissues, but the action of most of 
these appears to be confined to the decomposi¬ 
tion of esters, such as ethyl butyrate («ep Kastle 
and Loevenhart, Amcr. Chem. J. 1900, 24, 491 ; 
Porter, Bioohem. J. 1916, 10, 523^. 

The chief fat-splitting enzymes of the body 
are found in the seoretions of the pancreas and 
intestine. It seems probable that at all events 
the greater part of all absorbed fat is hydrolysed 
before absorption, and this process tu^ee place 
in the intestine. These enzymes are extremely 
sensitive to acids and oxidising agents; they 
decompose alcohol ^ters as well os fats. The 
filtered extract and the residue prepared from 
these insoluble enz 3 rmes are both inactive, 
whereas the mixture is active, and the inactive 
residue can be rendered activti by the salt£ con¬ 
tained in bile (Magnus, Zeitsch. physiol, ^em. 
1904, 42, 169; 1906, 48, 373; Bosonheim, J. 
Physiol Proe. Feb. 19, 1910, 14). How far 
ibis pb^uomenon depends upon the solubility 
relations of the enzyme or the fat, is' not 
known. 

The vegetable lipases occur in the form of 
tymogm in Hie seeds, and become active during 


f erxninatinn. The cnzyjnc *>f castor-t^ seed 
as been the most thoroughly invest^ated. 
This seed stated to contain an esterase, soluble 
in water, and a lipase, insoluble in water, which 
can be ifxtraotod by I N NaCl (Falk, J. Amer. 
(’hem. Roc. 1912-15). The powder obtainecl by 
extracting the (‘astor-oil U'an with other is 
almost inactive, but is n»ndeix*d active by treat- 
; ment with acid (N/10 sulphuric), and then acts 
1 most effectividy when properly emulsified with 
the fat, and a small pj-oportion of acetic acid 
' (Connsteiii, Hoycr, ami \NVrtcnl>erg, Ber. 1902, 
■35, 3988; .falander, Biorhem. Zeitsch. 1911, 
,36, 435; Kita. ('hem. Soc. Abstr. 1918, i. 274, 

; 1919, 1 . 503). Under fa vourable conditions it i% 
i HO eilicacious that it is emjiloyed technically 
i for the hydrolysis of fats. 

I The synthetii'al ai'tion of animal lipase (or 
I esterase) and its asymmetric decomposition ot 
1 (II-ostoTH have already been montioned. 

! Invertase. (hir |l,nowlcdgo of this enzyme, 
j which brings about the hydrolysis of cane sugar 
; to fnictiwe and glucose, and owes its name t0 
\ the invemiou of the direction of rotation from 
' dextro- to la>vo-, which nccoinjianu® the cluinge, 

' i.s larg(‘lv <lue to the clusHical researches of 
O’Suliivaii and Tompson ((‘hem. Roc. Trans. 

; IHIK), 834). ft occurs in many, but not all, 
species of yeast and in many moulds and 
baciona, as well as in the highi'r plants and the 
intestine of animals. It is usually prepared 
: from brewem’ yeast; the enzyme can only be 
I very imm rieidly extractiMl from the living o^elU, 
j e8pc< ially wlicn a young and vigorous culture is 
employeil, but readily passcH into solution in 
water when the yeust has Insm dried and heated 
, or treated with chlorofc*rm, toluene, or alcohol.^ 
i Tt is also present in the yeast-juice obtained by* 
i Bm-liner’s gnnding process, but is l)est prepared 
i by allowing the pressed yeast to stand in a fif^k 
: until it has become liquid, 'precipitating with 
47 j).c. alcohol, and grinding the precipitate 
I with alisolute alcohol. Two kilos of yeoat thus 
' yield 6 grams of a grey powder containing about 
i 3*5 p.c. of nitrogen and 5-8 p.c. of ash. The 
! activity is usually expreased as the time taken 
I for a solution of O'Or) gram of the material 
I dissolved in 5 cc. of 0'6 normal sodium di* 
hydrogen phosjihate to reduce the rotation ‘of 
20 c.c. of 20 p.c. cane su^ar solution to zero at 
20“^, and for the preparation obtained as above, 
tliis is about 25 minutes. Moro.active prepara¬ 
tions can be obtained by redissolving in 25 parte 
of water, treating with 2*5 parts of animal char¬ 
coal for an hour, shaking with 10 parts of kaolin, 
and reprecipitaiing with alcohol. This procw 
yields a nj^tcrial qjintaining only 0'36 p-c. of 
nitiwen and 2*07 p.c. of ash, and having an 
activity of 14 minute^, this bei^ the most 
active preparation so far described (Euler, 
Lindborg, and Melander, Zeitsch. physiol diem. 
1910, 09. 152). This result, combined with 
earlier observations of Osborne {itnd. 1899, 28, 
399) and Salkowski {ibid. 1901, 31. 306) render it 
improbable tbat invertase is a protein, but tim 
question is by no means settled. In Monilia 
Candida (£ten.‘), invertase occurs M a true endo- 
enzyrac li^ich can only be obtained from the 
coll by rupture of the membrane (Fisclier-mi^ 
Lindner, Ber, 1895, 28, 3034; Buchner end 
Meisenheimer? Zeitsch. physiol Chem^ 16^- 
The action on cane sugar ® accoleratw hf acids 
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ap to a certain I’oncentration, the optimum con¬ 
centration of hydrogen iom being 10 “^ to 
( 86 ron«on, rend. Carlsberg, 1909, 8 , 

1), and is al oneo inhii>itcd by eukalia. Tbe 
gluco»e iH liberated in the a- form, so^that the 
rotation falln whe-n an alkali ia added, and con¬ 
siderable errorH may be introduced in cstinm- 
tioiiH of the rule ot action i)y polarimetnc ob- 
HorvationH from tfuH <-auBe (O’Sullivan and 
Tomjjfton; ibidHon, J. Airier. Chom. Soc. 1908, 
30,1100). According to Visw^r (Ziutsch. pli^hikal. 
(’hem. l!K)5, 52, 257), (equilibrium is attained 
in normal cane sugar Hcilution in proHonce^ of 
invertaNe when 99 p.c. has l»ecn liydrolyKcd and 
a coTTc«ponding Hynthwia (I p.c.) proliably 
(x^cura in a n<tluti<m of friK^tose and glueoso, 
although this has ru*l Ix'on directly proved 
Solutions of inviuiuHe hydrolyse raflincwj', a 
trifiacH’haride yudding fructosi*, glucose, and 
galaetcKse on eoni]>lete liydnOysis. but it is not 
certain whetluir this i.s actually due to the 
invertoHo or whetJuT a specilie rafhnase is 
preflent. (’(Ttain organisms appi'ur to hydrolyse 
can(3 sugar hut not raflinoHe {Mycodertuti) and 
otlK'rs are stated to liydrolysc ratlinosf' but not 
cane sugar (Schijzomci hm(miffcs ocioaporuti ; 
(Boy.)). ( Kor the use of invertase in rtio cstima- j 

tion of cane sugar, d. Soc. (duun. Ind. 1911.) j 
Mftlt&se IS b(‘st obtained from wi^ll-washed | 
bottom fermentation ye-ast by drying it in mcuo, I 
powdiiring, lu'ating gradually to UK) ’, and then 
digesting for 3 days at nir temperature with 19 
parts of O'l p.c. caustic soda solution and 
toluene, and iinully lilterhig through a (’ham- 
berl&Tul liltor int<» sleiiUi flasks ((Voft Hill, 
Chem. Soc. Trans. I.89S, 934). a neutral or faintly 
acid Hulution Inung thus obtained. It can also 
be extracted directly with dilute ammonia from 
yeast killed hy toluene (Willatatter). Tlie enzyme 
cannot bo ])ri'pared in an active state by pre¬ 
cipitation with alMmi (Fischer, B(‘r. 185)4, 27, 
1113; Rolimaiin, ibid. 3251) although alcohol 
docs not affect the mnltase content oi dry yeast 
or the dried extract. It rapidly hytimlvses 
maltose into gliu'osc, 1 c.c. of the extract pre- 
jfiarcd as described above decomposing 20 p.c. 
of the maltose in 20 c.c. of u 2 p.c. solution at 
3(>® in 40 minutes. Tlie smthetic action of this 
extract has alri'ady boon discussed. The action 
of the enzyme is at once destroyed by free alkali. 
Maltose is very w’idoly distributed, occurring in 
many yeasts (but not in A’. Jlfarj:jttna,'i (Han¬ 
sen), A', (fxiguus (Hanson), SaccJtarcnnycodei 
Ludmgii (Hansen). S. npiculaAw (llecs), and 
the lactose-fermenting yeasts), in many bacteria 
and moulds, in the foliage leaves and other 
})art 8 of nlants, and in g^nninat^^jl and un- 
germinated cereals, Ixnug localised mainly in 
the aleurone layer of the endwperra (DavU, 
Bioohom, J. 1910, 10, 31; Daish, Biochem. J. 
1916, 10, 49, 56), and in the small intestine, 
hirer, kidneys, blood, and other ti^ues of 
mammals. Malt-ase, aa* already mentioned, 
only hydrolyses a-gluc.osides, and is therefore 
sometimes called a-gluooeidaao or a-gluoosc. It 
does not affect tsomutose, which is a /3-glueoeide, 
or trehalose, which is, however, hydrglysed by a 
snwial ensymo, trehalose, which oe.cura in moulds, 
Inae yeasts, and in green malt. The enzyme 
is very readily inactivated by trac^ of acid or 
alkah, andhas mi optimum temper&ture of about 
40 ®, being greatly redfcricted in aotioa at 56 ®. 


I Lactase is the speciflo enzyme which 
hydrolyses lactose into glucose and galactoee. 
^ It also hydrolyses the /3-alkylgalactosidee, but 
j not the o- compouncLs, and is therefore a jB- 
{ enzyme. Its rate of action is diminished by 
: galactose, but by no other sugar, and it therefore 
, appears to combine with this substance as well 
as with lactose. Laidaso occurs in a few yeasts, 
from which it may be extracted by grindii^ with 
glass powder and treatment with water (Fischer, 
Bcr. 1894, 27, 2991, 3481) or by Buchnefs 
pro(!OH 8 , but is Ix^st jjreparcd i)y extracting kefir 
grams with water. It also occuiB in some bacteria 
(//. bulgariciiN ((Jrigorofl), &c.), and moulds {e.g. 
Alhfichrrin gaijoin (Sacc. k 8 yd.)) and in the 
small intestine of (;aniivorou 8 and omnivorous 
animals and of young hcrbivora (Plimmer, J. 
pliysiol. (’hem. 15)06, 35, 20). An enzyme which 
decomposes lacf.osc also occurs in the ‘ emulsin ’ 
obtained from almoiuls (H. K. and E. F. Arm¬ 
strong and Horton, Proc. Key. 8 oc. 1908, B, 
80, 321), wiiicli ]irobably differs from yeast 
la<;taHo, Jva(!tasp, like maltose, effects the 
ayntlicHis of a disacdiaride, tsolactose (Fischer 
and Armstrong, Ber. 1902, 35, 3144). 

Amylase or diastase. Enzymi^s capable of 
acting on starch with the production of a sugar 
ajqicar t-o oi^cur in nearly all living organisms. 
Tim whole question of the hature of these 
enzymes and of their action on starch is one of 
great complexity. The constitution of starch 
and of the dextrine formed from it being still 
; unkuow’n, no clear idea of the chemical action 
j involv('(l has b(‘en obtained, nor has any satifi- 
j factory criterion been found by wliich to judge 
' wliethcr only one or several enzymes are present. 
It is thercfoie impossible to do more in this place 
than give a very brief statement of the chief 
facts which have l)eon ascertained. More com¬ 
plete information will b© found in the article 
on Brr WING, and in The Principles and Practice 
of Browing, by Sykes and Ling (London, 1907). 

The vegetable amylases or (liastases are found 
in the germinating seeds and also in the leaves 
and other parts of the plant. The sources of 
the enzymes whicli have been chiefly investi- 
I gated are malt and the mould Aspergillus Ofyzas 
(Ahiburg C'ohn), the amylase of which is known 
os takadiastase. The enzyme is extracted from 
malt by treatment with water or dilute alcohol, 
and may be several times precipitated by alcohol 
and further pprilied by dialysis (Lintner), or by 
I being saltiHi out from aqueous solution 
: ammonium sulphate (Wroblewski). The greatest 
i degree of purification appears to have been 
attained by Fraonkel and Hamburg (Hofm. 
Beitr. 1906, 8 , 389), by adding a suitable amount 
of basic lead acetate,' filtering, fermenting with 
yeast, and drying. This preparation was strongly 
active, and showed none of the albumin reactions 
i except a very faint MiUon’s reaction. It ap- 
' peared to contain two enz^es, one non- 
j diffusible and the other diffusible. On tbe 
othe^ hemd, Wrofllowski’s purest diastase bad 
all the properties of an albumose. 

Malt amylase is most aorive at a hydrogen 
ion oonoentration corresponding to P. 3 s 4 ' 4 - 4 ' 5 , 
that, from A. oryza at Px»4*8 (Sherman and 
ooU^iguee, J. Amer. Chem. Soo. 1919, 41, 231). 

St^h paste is first liquefied malt eztoaot^ 
Mid Hie stareh is then raj^y converted 9^- 
into a mixture of ma)toee and dextrine, abotA 
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81 P.C. oi ^ staToh boiag converted into 
m^tose, and 19 p.c. into dextrin. The further 
conversion of this dextrin into maltose proceeds 
extremely slowly (Brown, Hwon, Moms); but 
according to Maquenne and Roux, who have 
been confirmed by Bayliss, this ‘ stage ’ is duo 
to insufficient activity of the enzyme, the con¬ 
version procooding to completion when the 
enzyme is activated by the edition of a trace 
ol acid. It appearH to bo undoubted that 
many complex doxtrins intervene between 
starch and Tnoltose, but their constitution is still 
unknown. The existence among tim products 
of an Momaltoao (JjjHjjOii (hintner), has l>ecn 
disproved (Ling and Baker). The action of 
diae^e solution which has iK^en heated to 
fi8®-70®, is modified, so that less malt^we and 
more dextrin are produced and more dextrin 
remains unchanged, whilst a certain proportion 
of glucose appears. This change in the mode 
of action of the enzyme may ix) due t.o an 
actual modification of the enzyme (Ling and 
Davis), but is regarded l>y manv os evidence in 
favour of the theory (Wijsman, Boyerin<‘k, 
Pottevin, Fraenkel, and Bambiirg) that at least 
two enzymes are present, one of which (amylase) 
products dextrin and the other (dextrinasc) 
converts this into inaltroso. 'I'he Hcparation of 
the enzyme into two parts by dialysis, one of 
which liquefies starch paste', and the oilier 
hydrolyses soluble starch, is also in favour of 
the existence of two enzymes. A difTcnmt 
interpretation of the facts is duo U) Maquenne 
and Koux, according to whom starcli contains 
two substances, amyio'pcctiti, to which the forma¬ 
tion of the characUTistic paste is due, and 
amplose, which is soluble. The amylose is con¬ 
verted one enzyme of tlio diastose into mal¬ 
tose, whilst the amylojiectin yields the dextrins 
under the action of a He(;ond enzyme. In 
mammals, diastatic onzymes are secreted by the 
salivary glands (ptyalin), the pancreas, and the 
intestine, and are also present in the liver, 
Hood, muscular tissues, and most of the organs 
of the body. These enzymes convert, starch 
and glycogen into maltose, but in many cases 
this is further changed into glucose by the 
maltose also present. The optimum activity of 
pancreatic amylase is exerted at Ph== 7 (Sher¬ 
man). 

I^en a solution of pancreatic amylase is 
dialysed it becomes inactive both towards 
atarch (Bierry, Gaja, and Henri, Soc. Biol. 
1906, 60, 479) and glycc^eu (Norris, Biochem. 
J. 1913, 7, 622), the activity Wng restored by 
the addition of oertaln salts, more especially 
those of the halogen acids, whereas sulphates 
are inactive. 

Emubin. This name was originally ap¬ 
plied by Liebig and W6hler to the enzyme 
contain^ in almonds, which brought about the 
hydrolysis of amygdalin into hydrocyanic acid, 
benzaldehy^, and glucose, f^urthor investiga¬ 
tions (H. £. imd £. F. Armstrong and Hobx>n, 
Proc. Roy. Soc. 1908, B, 80, 321; Bosentbalcr, 
Biochem. Zeitsch. 1910,28,408} have shown that 
the * emulsin ’ of these workers contains a large 
number of distinct enz 3 rme 8 , and that the 
hvdrolyak of amygdalin is a very complex 
phenomenon. It is most probable that the 
oomHete decomposition ox tli^ compound 
inveevee at least tiirea enzymes, each capable 


of bringing about one stage in the reaction. 
Amygd^n has probably the formula 

C.H 6 -CH(CN)-OC.H,o 04 * 0 -C,H„ 0 , 
the glneme molecule being combined with the 
l>euzaldouyde residue to form a /3-^lucoside and 
the terminal glucose group as an a-ffluooside. 
'J’ho stages of the hydrolysis arc probably : 

(1) ilydrolysis by amygdalase, forming a- 
glucose and ^mandolonitrile-B'glttcoside (pro- 
nasin)e 


0«H5riI((h\)004H,4a4-OC,H„05+H40 

-0«H,OH((:N)-0<%H„04+C.H„0. 


(2) HydroiysiH of this compound by a /3- 
ghiCosi(l<M‘ (pruuase) into jS-glucuso and d- 
benzaldoliyihH'.yanoiiydrin 


|(!4ir„-(5H((^N)-<)-(^4Hn04-fH,0 

I =(!.h,(;h(()H)-on+o,h,.o. 


I (3) Dei^oinposition of the cyanohydrin by 
i S-ht/druxf/niirtia/ic or hrmcyunusc 

I (;,h,ch(oh)cn^c,Hu(:ho+hon 

1 The crude cmulHin also effects the synthesis of 
i d-ben7.aldehydc<?yaiiohydrin from benzaldelwde 
j and livdroc'vanic acid ; but Kosentbaler (Bio- 
chem. ■ Zci*«ch. IfiOK, 14, 238; 1909, 17, 257) 
d(M*s not regard this as a reversed action of the 
enzyme, but as duo to a different enzyme, and 
claims to have separakHl the two. 

Amygdalaso is, at all events in some cas»i, 
present in yeast (Ibmrj' and Auld, Proc. Roy. 
Soc. 1905, B. 70,668); and Emmerling (Ber. 1901, 
34, (>00, 2206, 3810) how observed tno synthetic 
production of amygdalin from 1-maiidemnitrile- 
glucoside an<l gbuioso in presence of cnide yeast 
inaltoHo. Emulsin also contains a lactase, to 
which reference has already been mode. 

Crude emulsin occurs in sweet almonds, from 
which it is extracted by dig^gtion with chloro¬ 
form water, and can bt' precipitated by alcohol. 
It is also found in many moulds as well as in 
yeast. The )3-glucosidaHe also occurs in many 
oacteria (Twort, Proir. Roy. Soc. 1907, B, 79). 

The jS-gluctisidase of cmulsm hydrolysee the 
^-alkyI-gluco8id«« and many of tho natural 
glucosides, such as arbutin, aalicin, prulaurasiQ, 
ajsculin, and many others, it has been lai^ely 
employed by Bourquelot for tho biochemical 
synthesis ot giucosidos and disaochari^ (aee 
p. 134). 

Other glucosidoclastic enzymes are myroein," 
which hydrolyses tho sinigrin of mustard, and 
tannase, which decomposes the uatui^l tannins, 
and many more. Of considerable teohnioal 
importance is the action of the enzyme contained 
in the leaf of tho indigo plant, which is termed 
satase or indimulsin, ana converts the indican 
of tho leaf into glucose and indoxyl, the latter 
being then converted by oxidation into indi- 
gotin. 

Many hther specific glucosido enzymes are 
known [see The Simple Carbohydratee and 
Glucosides, by E. F. Armstrong, liondon, 1910). 

The d^eetlve enzymes or yo teai ee com¬ 
prise a great number of hydrolytic agente oapabte 
of replacing^he -NHagroup by --OH(amWaaea 
or desamidases) or of causing the dooompoattki |y » 
RNHCOft'-fH,0=-ENH,+R'*COOH 
to which the hydrolysis of the protoizw appears 
to be mainly due. These are classed acoordiiig to 
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tho coTOplctonww of tho docompoRition pro¬ 
duced and tbe complexity of the compounds 
attacked under the variouR Imads already given : 

1. or demmidtiHaa, the niORt im¬ 

portant ()f which a<'ci*JiTatc tho liydrolyHiR of 
urea and tlio cttrivcrsiijn of adenini; into hypo- 
xanthino, and guanine into xanthmo. Kiinilar 
changes arc often produced hy micro-organisms 
{see Alcoholic fnniculaUon, Avirnotmical jer- 
mentation of wmi, and Putrifiirtiaii). A jiowcr- 
ful iiroase occurs in many j)lants, ertp<‘<-«ally 
in the Roods, one of the chnd sources of (lie 
enzyme being the soya bean {(Jlycivv hif^juda). 
Jt rapidly decomposes urea m dilu(«' Rolutioji 
into amiiKinia and carbon dioxide, and. as its 
a<‘tion is strictly specitic (Armstrong and Horton, 
Proe. Roy. So(\ 1!M2, K, 85, lOh), is cm])loy<“<l 
for tlio estimation of urea in liipnds {r.ij. urine), 
which also conlum otlier forms of combmetl 
nitrogen (Marshall, J. Ihol. Cliem. Ihi:!, 14. 
283; 16, 487, 41)5; Plimmer and Skelton, 

Bioohem. J. 1»14, 8, 70) 

2. Enzyuus az/siWc of hi/droh/shuj mriou.s 

cmajHiraiividu simple vtfroqcnoHs suhstaures. 
Among these are arginase (Kossel ami Dakin, 
ZeitReh. physiol, (’hem. J1K)4, 41, 321 ; 42, 181) 
and cToatinase. ^ . 

3. Pepiascs or cnptascs. Tlie synthetic | 
jiroduction of lhi5 jioiyjxtptides by Fischer has ' 
rendered it ]K>s.sible to oldain a very large 
amount of information with respect to the 
nature ami limitations of a(‘tion of the proteo- 
cloRtic enzynu's. a lino of r«‘search winch has 
chiefly been followed hy Fischer and Alider- 
nalden (Lehrbuch physiol, (’hem. Berlin, 1000). 
The relations appear to h(' very complex, and no 
approach to finality in tho matter has yet been 
ra^o. 

In the bUKid, in all the organa and tissues, 
and in the intestinal juice are found enzymes 
which hydrolyse i)oly|>eptide8. but are without 
action on the albumins. The relation to the 
jiolynoptjdes is highly spoeific, and only a very 
careful and thorough examinat ion of the question 
will reveal liow lar the hydrolysis of various 
polyjicptidcs is due to the action of different 
enzymes. 

Of the synthetical polyiioptideB, only those 
which contain the naturally occurring optical 
iaomerklea of tho amiuo-acida are doconiposiHl. 

Pancreatic trypsin itself decomposes many 
albumins down to tho Rtoge Of polypeptides, 
and some of tho latter are rtsolved into ammo- 
acids, whereas others resist the further action 
of the enzyme, and aro found in the digested 
liquid. It is, however, almost certain that pan¬ 
creatic trypsin must be regarded as a complex 
consisting of a tr;y’p8in, culpable of hydrolysing 
albumins down to the pol 3 rpeptide stage, along 
with on© or more peptases, wnioh attack these 
simpler compounds (Schaffer and Terroine, J. 
Physiol. Path. 1010, 12. 884, 005 ; Wohlgemuth, 
Biochem. Zeitsoh. 1912.00, 302). 

The decomposition of simple compounds, 
such as tho dipoptidos, alanyl-alanine, glycyl- 
giycine, and glycyl-tyrosine, provider an admir¬ 
able opportunity for studying thw-kinetics of 

^nzyrne action. 

^^4. ThePrs^WMes. Eiixyme^mpadAtof^ydro’ 
^sing (a) or irypiase. 

This belongs spwificaUy to the enzyme 
secreted In the inac^ve Yzvmoeeni form bv the 


pancreas, os already described (p. 136). but is 
applied, m a general term, to a large number cd 
enzymes, both of animal and vegetable origin, 
which attack albumins and produce from them 
polypeptides. Among tho most important of 
th<»<e aro tho loucotryptasf^ of the ioucocytefl 
of the blood, tho autoclastu; eiizymce of animal 
tissues and organs, and the proteodastic enzymes 
i of tho lower annuals. Jn tho vegetable kingdom, 
many similar enzymes occur, notably papayotin 
in the melon tree, t'auca papaya (Linn.); 
\broiniiin m the juncajqilc, as well as the 
[ etidoiryptascs of yeast., and many bacteiia. 

Fan<‘rcn.s tryjisin is most active in presence 
of alkalis, tho <'xact optimum concentration of 
hydrogen urns k-mg different for differen^pre- 
I parations and for different substrates (Long and 
^ Hull, J. Amer. Dhom. Soc. 1917, 39, 1081). but 
licing ajiproxmiatcly 10"“ to 5x10“* for fibrin 
I and 3 •' i0“* to 5 \ i0“’ for cosemogen; 0*2 p.c. 

I of Hodium carbonaO' is communly employed. It 
I also cxci-ia a ccrt-ain amount of action in very 
I weak acid solution. 1'lie amount of hydrolysis 
I is jiroportional to the amount of enzyme and the 
time of action, tin; concentration being in¬ 
different (].(>hlein, Hofm. Beitr. 1905, 7, 120; 
Hedm, .7. I'iiysiol. 1904, 32, 408 ; 1900, 34, 370). 

Try])sm is readily taken up, probably by 
adsorjitum, by fibrin, and can thus be removed 
Jrom solution. Jt is also adsorbed bv animal 
ehareoal and cannot be re-extracted from thi.s 
substance by wuicir (Hcdm). 

Substances which tend to inhibit the action 
of tho onzyme and are termed antitryjwina, 
occur in blood serum, m parasitic worms, and in 
yeast, but the nature and function of these is as 
yet little understoixi (,scc Hedm, Zeitsch, physiol. 

, (lliem. 1907, 52, 412; Buchner and Jlaoim, 

I Bioeheni. Zeitsch. 1910, 20, 171 ; Weinland, 

1 Zeitsch. Biol. 1902. 44, 1, 40). 

I il ) Pepsin or pejmvasc. This enzyme is the 
! characteristic digestive agent of the gastric 
I juice of all vert^rates. Jt is secreted by tho 
cells of tho mucous membrano of the stomach in 
the form of an matdivo zymc^cn, jffopejxtin, 
which is converted into active pepsin by the 
I hydrochloric acid of the gastric juice. It is 
1 also secreted by Brunner’s glands in the 
I intestine, and is stated to occur in a few 
I ffesh-eating plants, such as tho various species 
^ of Kepeiithes (pitcher plant), Dioncea and 
I Droscra (sundew). The most characteristic 
j properties of pepsin are that it only act# 

I in acid solution, and that it does not 
j hydrol^e any known polypeptide. It oon- 
I verts the albumins (phosphoproteins, nucleo- 
i proteins, gelatin, &c.) probably ffrst into acid 
; albumins and then into simpler compounds of 
; unknovm constitution, Thoso were formerly 
j classed as aibumoses, preoipitable by ammonium 
, sulphate; and peptones, non-precipitable by 
, this salt, but precipitable by phosphotungstio 
' acid. Tho nature and imhvidu^ty of the 
I nuiyerouR compounds of these classes which 
I have been described are still involved in obecn* 

I rity, and all that can bo said with certainty is 
i that hydrolysis docs not go so far as to produce 
simple amino-acids. The least impure form 
of pepsin appears to have been obtained by 
Pekelnarin^ (^itsofa. physiol. Ohem. 1092^ 36. 
8), who simply dialysed tho filtered ga^rio 
socretion of a doer., obtained bv fiMfcHhk. and 
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81 P.C. oi ^ staToh boiag converted into 
m^tose, and 19 p.c. into dextrin. The further 
conversion of this dextrin into maltose proceeds 
extremely slowly (Brown, Hwon, Moms); but 
according to Maquenne and Roux, who have 
been confirmed by Bayliss, this ‘ stage ’ is duo 
to insufficient activity of the enzyme, the con¬ 
version procooding to completion when the 
enzyme is activated by the edition of a trace 
ol acid. It appearH to bo undoubted that 
many complex doxtrins intervene between 
starch and Tnoltose, but their constitution is still 
unknown. The existence among tim products 
of an Momaltoao (JjjHjjOii (hintner), has l>ecn 
disproved (Ling and Baker). The action of 
diae^e solution which has iK^en heated to 
fi8®-70®, is modified, so that less malt^we and 
more dextrin are produced and more dextrin 
remains unchanged, whilst a certain proportion 
of glucose appears. This change in the mode 
of action of the enzyme may ix) due t.o an 
actual modification of the enzyme (Ling and 
Davis), but is regarded l>y manv os evidence in 
favour of the theory (Wijsman, Boyerin<‘k, 
Pottevin, Fraenkel, and Bambiirg) that at least 
two enzymes are present, one of which (amylase) 
products dextrin and the other (dextrinasc) 
converts this into inaltroso. 'I'he Hcparation of 
the enzyme into two parts by dialysis, one of 
which liquefies starch paste', and the oilier 
hydrolyses soluble starch, is also in favour of 
the existence of two enzymes. A difTcnmt 
interpretation of the facts is duo U) Maquenne 
and Koux, according to whom starcli contains 
two substances, amyio'pcctiti, to which the forma¬ 
tion of the characUTistic paste is due, and 
amplose, which is soluble. The amylose is con¬ 
verted one enzyme of tlio diastose into mal¬ 
tose, whilst the amylojiectin yields the dextrins 
under the action of a He(;ond enzyme. In 
mammals, diastatic onzymes are secreted by the 
salivary glands (ptyalin), the pancreas, and the 
intestine, and are also present in the liver, 
Hood, muscular tissues, and most of the organs 
of the body. These enzymes convert, starch 
and glycogen into maltose, but in many cases 
this is further changed into glucose by the 
maltose also present. The optimum activity of 
pancreatic amylase is exerted at Ph== 7 (Sher¬ 
man). 

I^en a solution of pancreatic amylase is 
dialysed it becomes inactive both towards 
atarch (Bierry, Gaja, and Henri, Soc. Biol. 
1906, 60, 479) and glycc^eu (Norris, Biochem. 
J. 1913, 7, 622), the activity Wng restored by 
the addition of oertaln salts, more especially 
those of the halogen acids, whereas sulphates 
are inactive. 

Emubin. This name was originally ap¬ 
plied by Liebig and W6hler to the enzyme 
contain^ in almonds, which brought about the 
hydrolysis of amygdalin into hydrocyanic acid, 
benzaldehy^, and glucose, f^urthor investiga¬ 
tions (H. £. imd £. F. Armstrong and Hobx>n, 
Proc. Roy. Soc. 1908, B, 80, 321; Bosentbalcr, 
Biochem. Zeitsch. 1910,28,408} have shown that 
the * emulsin ’ of these workers contains a large 
number of distinct enz 3 rme 8 , and that the 
hvdrolyak of amygdalin is a very complex 
phenomenon. It is most probable that the 
oomHete decomposition ox tli^ compound 
inveevee at least tiirea enzymes, each capable 


of bringing about one stage in the reaction. 
Amygd^n has probably the formula 

C.H 6 -CH(CN)-OC.H,o 04 * 0 -C,H„ 0 , 
the glneme molecule being combined with the 
l>euzaldouyde residue to form a /3-^lucoside and 
the terminal glucose group as an a-ffluooside. 
'J’ho stages of the hydrolysis arc probably : 

(1) ilydrolysis by amygdalase, forming a- 
glucose and ^mandolonitrile-B'glttcoside (pro- 
nasin)e 


0«H5riI((h\)004H,4a4-OC,H„05+H40 

-0«H,OH((:N)-0<%H„04+C.H„0. 


(2) HydroiysiH of this compound by a /3- 
ghiCosi(l<M‘ (pruuase) into jS-glucuso and d- 
benzaldoliyihH'.yanoiiydrin 


|(!4ir„-(5H((^N)-<)-(^4Hn04-fH,0 

I =(!.h,(;h(()H)-on+o,h,.o. 


I (3) Dei^oinposition of the cyanohydrin by 
i S-ht/druxf/niirtia/ic or hrmcyunusc 

I (;,h,ch(oh)cn^c,Hu(:ho+hon 

1 The crude cmulHin also effects the synthesis of 
i d-ben7.aldehydc<?yaiiohydrin from benzaldelwde 
j and livdroc'vanic acid ; but Kosentbaler (Bio- 
chem. ■ Zci*«ch. IfiOK, 14, 238; 1909, 17, 257) 
d(M*s not regard this as a reversed action of the 
enzyme, but as duo to a different enzyme, and 
claims to have separakHl the two. 

Amygdalaso is, at all events in some cas»i, 
present in yeast (Ibmrj' and Auld, Proc. Roy. 
Soc. 1905, B. 70,668); and Emmerling (Ber. 1901, 
34, (>00, 2206, 3810) how observed tno synthetic 
production of amygdalin from 1-maiidemnitrile- 
glucoside an<l gbuioso in presence of cnide yeast 
inaltoHo. Emulsin also contains a lactase, to 
which reference has already been mode. 

Crude emulsin occurs in sweet almonds, from 
which it is extracted by dig^gtion with chloro¬ 
form water, and can bt' precipitated by alcohol. 
It is also found in many moulds as well as in 
yeast. The )3-glucosidaHe also occurs in many 
oacteria (Twort, Proir. Roy. Soc. 1907, B, 79). 

The jS-gluctisidase of cmulsm hydrolysee the 
^-alkyI-gluco8id«« and many of tho natural 
glucosides, such as arbutin, aalicin, prulaurasiQ, 
ajsculin, and many others, it has been lai^ely 
employed by Bourquelot for tho biochemical 
synthesis ot giucosidos and disaochari^ (aee 
p. 134). 

Other glucosidoclastic enzymes are myroein," 
which hydrolyses tho sinigrin of mustard, and 
tannase, which decomposes the uatui^l tannins, 
and many more. Of considerable teohnioal 
importance is the action of the enzyme contained 
in the leaf of tho indigo plant, which is termed 
satase or indimulsin, ana converts the indican 
of tho leaf into glucose and indoxyl, the latter 
being then converted by oxidation into indi- 
gotin. 

Many hther specific glucosido enzymes are 
known [see The Simple Carbohydratee and 
Glucosides, by E. F. Armstrong, liondon, 1910). 

The d^eetlve enzymes or yo teai ee com¬ 
prise a great number of hydrolytic agente oapabte 
of replacing^he -NHagroup by --OH(amWaaea 
or desamidases) or of causing the dooompoattki |y » 
RNHCOft'-fH,0=-ENH,+R'*COOH 
to which the hydrolysis of the protoizw appears 
to be mainly due. These are classed acoordiiig to 
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781. 1217).* Bach (Her. 1010, 43, 304) has,; 
however, proparod active oxidases entirely free ; 
from mangantiso and iron, and it is probable ' 
that, when pr(«enl, the salts of these metals [ 
only exert a secondary acceierating action on ' 
the oxidation jnHXMiHH. The attempt of Will* 
st&tter and Stull (Annalen, 1918, 416, 21) to ' 
isolate the enzyme from horse-radish resulted in 
a preparation having .3(K)0 times the activity of 
the original material as measured by the pro¬ 
duction of puipur(^allin from pyrogalloleundor 
standardised conditions. (Jhemically it apfHiars 
to consist of a nitrogenous glucoside yielding a 
imnbcMe and j)robably a hexose on hydrolysis. 
It oontains 5'6 p.e. of ash, (I'db of which is iron. 
The chief typ<w of oxxhsing •iiizyint's known arts 
the following: 

1. The I^roxldases, which occur in all parU 
of plants. Their oceurixuice in animal tissuos i.‘ 
difncult to mtablish. us blood producer all the 
reactions ascribed to poroxidawes, and must 
therefore absent before th(' presence of the 
latti^r can l>c pixjved {Itat.clU and Stern, I'lioclH'm. 
Zoitsoh. 1908, 13. 44). A vigorous peroxidase 
occurs in milk. 

2. The enzymes producing coloured com¬ 
pounds from aromatic phenols, ^c. These may 
be known as plK'noljweR. 1'liey produce the 
most varied o.xidalions, accompanied by colour; 
changes, and according to Bach (Bach and 
Maryanovitsch, Bioclictn. Zeitscli. 1912, 42, 417) 
the enzynu's obtumi'd from various sourot‘s 
must bo n^garded jus identical, sineo they all 
produce the same primary oxidising effects, 
although these are vari»»usly modilied by llie 
prestmee of salts, A’c. Tlie work of Bax-h and , 
Chodut, (liscusscd above, applies to theae 
enzymf'H. According to Wheldale Onslow the 
browning of fruits on injury is dm* to the 
presence of a jn'roxidase and an aromatic com- 
imund containing't lie catecliol groujung. The 
oxidation of the latter is effected by atmosjiherie 
oxjgcn, but 18 catalysed by a special enzyme 
(oxygenene), and n sults in the formation of a ’ 
peroxide, the whole system then constituting an , 
oxidase, and giving a blue colour with guaiuuuin : 
(Uiochem. 0. 1919. 13, 1; 1920, 14, 53.’>). 

Laccase occurs m the juice of tlie lac tree oi 
Tonkin {KhiiH wmirifcni (1).C.)), and hrings i 
about the oxidation of the yellow juice to the 
black lacquer (Yosliida, (1iem. Soc. Trans. 1883, 
43, 472 ; Bertrand, (kimpt. nmd. vols. 118-122). 
It has also been found in many other jihanero- 
gams (lucerne, cabbage, potatoes, Ac.) and in 
fungi. It acccloratea the oxidation of o- and 

f i-polyphonols (but not of tn- compounds), and 
las no effect on tyrosine. Its solutions only 
lose their oxidising powers slowly when boiled. 

Tyrosinase. Enzymes capalilo of oxidising 
tyrosine witli production of coloured substances 
occur wid(4v, ixith in tlie animal and vegetable 
kingdoms, hvquently accompanied by l^'i^ase. 
According to Oortner (Chem. Soe. Trans. 1910, 
110), i>dw soluble and insoluble forms of tyro¬ 
sinase occur in the metd wonn {Tcm‘l)ro molifor). 
The insolablo fonn eonfains iron, but no manga- 
nose* and is capable of oxidising a relatively large 
M|pUBt of tyrosine, producing a series of colour 
eaia ig ss thioxmh pink, rose, violet, and A'ue- 
bUtf to Mack (tarlanm). It also effects the 
of p-aminophonol, gnaiaool, gum 
ftl^aoiua, and 2: 4*ffiamiiiopbe&ol, but not of 


quinol or pyrogaUoL Tyrosinase also occurs in 
many leaves, which become black on drying, and 
in bran. The blue colour observed when certain 
mushrooms are broken is not duo to the action of 
this enzyme but to that of laccase (Bertrand), 
A very large number of p-hydroxj'pheuyl deri* 
vativea, as well as nearly all derivativee of tyro 
sine, tryptophan, and some of its derivatives, 
adrenaline, phenol, and are oxidised. 

Bach has shown (Bioehem. Zoitsch. 1914, 
69, 221) that the action of tyrosinase is very 
comjilex. Tyrosinase contains (1) an omttio- 
(milojiP, which decomposes tyrosine with forma¬ 
tion of some compound (probably p-hydroxy- 
jihenylacotahUshydc) which is capable of being 
acted on by an oxidase, or a peroxide^knd 
hydrogen peroxide : 

(2) A non-8pe('ilic oxidase system (phonolasc) 
capable of oxidising this product at the expense 
of atmoBpIumc oxygen. In some coses the 
organic jieroxide of this oxidase system is only 
])r(*8cnt in traces, but the peroxidase is always 
abundant. The action of the aminoacidase only 
j)roc(;eds in the presi'uce of a hydrogen acceptor, 
and this is produced from some substance 
jirescnt in tlie ‘ tyrosinase ’ liy the action of 
atmospheric oxygen, so that the first stage of 
the change can only commeuco in presence oi air. 

When a mixture of tyrosine and tyrosinase' is 
shaken in the air, oxidation commences, and a 
deeji red eoloui’ed solution is formed. If the air 
be now replaced by tulrogon, this colour dis¬ 
appears, owing to reduction, and a colourless 
solution results. If tins be boiled, the further 
action of the tyrosinase is prevented, but the 
liipiul now giv<58 all the (colour changes character- 
istic of tyrosine when treated with hydrogen 
peroxide and a peroxidase {c.g. from horee-radisJi), 
although these have no action whatever on 
tyrosine itself. 

The various oxidative formentatioma 
brought about by micro-organisms are dis¬ 
cussed later. 

Enzymes pRooroiNG Reduction. Redccases. 

Enzymes are also known in presence of 
which many compounds (colouring matters, 
aldehydes) arc reduced. 7Ticy occur very 
widely in anipial tissues (liver, muscle), and in 
the higher plants, as well as in yeasts and 
bacteria. • The source of the hydrogen in thc^ 
reductions is water, and the change only pro- 
, coeds in the presence of an oxidisablo substance, 
i which can act as an acceptor for the oxygen, of 
this water. Heneo these enzymes produce both 
! reduction and oxidation simultaneously, and, 

, as the process also involves the deoompoeition 
of water, it has been termed a hydrocloBtic oxido- 
' reduction (Oppenheimer). According to Bach 
(Bioehem. Zcitsch. 1911, 31, 443), whose views, 
howqyor, require further experimental eon- 
; firmation, the hydrogen forms an unstable 
’ jierhydride of oxygen which is decom¬ 

posed in the jjresenoe of the eaitymo, the hydro¬ 
gen being passed on to the reducible sufastaaoe. 

I Hence he terms the enzyme a perhydrUoM, and 
regards the whole process u closely anologOas 
to oxidation by means of a peroScide and 
paoxidase. 
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On the other faund, Wiedaad and Thu&berg 
(Stand. Arch. Physiol 1920, 40, ], where the 
htMrature is quoted) couaider^ that the hydro* 
gen ia transferred Erectly from the oxidisable 
substance to the reducible substance by the en> 
zyme, whl(^ is accordingly termed 

Milk has long been known to contain an 
enzyme of this class (Scbardinger’s enzyme), 
which brings about the reduction of methylene 
blue in the jircHcncc of formaldehyde, but not 
in its absence, the aldehyde acting os oxygon 
acceptor. It has now been shown tiiat the 
reducing euzymt« of the tissues (Hacli), and of 
yeast and some baotona (Harden and Norris, 
Harden and Zilva), arc of the aume type. Dnod 
yoo^ and zyinin (p. 149), Uacdlus colt com- 
munUt and rabbit muscle can be freed from the 
oxygen acceptor by washing, and then only 
reduce methylene blue in the preseneo of cortam 
defimto oxidisablo sulmtancos, wliicli, however, 
differ for the enzymea derived from diHcront 
materials, ho that thene cannot Lk> regard<*d an 
identical. The oxygen iwccptor, in tlio case of the 
tissue reducoscs, i8 probably an aldehyde (Bach). 

A special COHO of rt^ducasc action is the 
conversion (d an aldehyde into an c«iuimoiecular 
mixture of the conespondiug alcohol and ucid 
(C’annizzaro’fl reaction), one molecule being 
reduced and a second acting as oxygon a(X'oplor 
and being oxidiHcd. This is brought about by 
an enzyme termed altlrhi/da-st', or Ixdter ahle- 
hydotnutOMC, which o<-curK in the hvor, lungs, and 
spleen (Parnas, Biochem. Zeitsch. 1910, 2H, 274 ; 
Battelli and yU'ni, Biochoni. Zeitscli. 1910, 29, 
130). The oxidising efToct of this enzyme on 
aldehydes, such as Halicylaldehyde, liad been 
known for some time {arc Jacoby, Virchow’s 
Arch. 1899, I.*!?, 235 ; Zeitsch. physiol. Chem. 
1900, 30, 135; 1901, 33, 12H) before the simul¬ 
taneous reducing action was observed. 

•Analogous to this eiizymo, but distinct from 
it, is the glyoxalase of Dakin and Dudley (J. 
Biol. Chom. 1913, 14. 155, 423 ; 15. 403 ; 1914, 
10,* 605), which occurs in many animal tissues 
in the higher plants and in yeast, and converts 
glyoxal and its dcrivati\'es into the corresponding 
hydroxy-aoids, oxidation and reduction occurring 
in the same molecule : 

R-CO'CHO-fHjO=KCH(OH)COOH 

It is strongly inhibited by pancreatic extract. 

Catalase. 

This name was given by Loow (BuM. Agric. 
Washington, 1900) to the enzyme which has 
the power of catalysing the dj^omposition of 
hydrogen peroxide into water and oxygen. It 
has long b^n known that animal and vegetable 
tissues have the property of producii^ this 
decomposition, ana, at one time, this was 
thought to be a general chara(.'.teristio of all 
enzymes (Seb^nbein, J. pr. Chem. 1863, 89, 334). 
Further investigation, however, showed that 
this was not the* case, but t^at this propgrty 
belonged to a special, very widely distributod 

S 9 (l«ew). The power of decomposing 
en perojdde Is possessed by all the tissues 
animal 1»5dy, and is most marked in the 
liver. Thus It was found by BatelU and Btern 
(Aroh. Flaiolog. 1905, 2, 471) that O"! gram of 
Kuinea*pig Hvor evolved 5800 c.c. oxraen 
worn 1 ]».e, hydrogen peroxide at $7^, whilst the 


I ooiresponding number for the blood ^as 490 c.o., 

I and for the muscle 34 c.o. The enzyme oan be 
I concentrated by extracting the tissue with water, 

I precipitating with alcohol, extracting this with 
water, and again precipitating with aloohi^. A 
^ similar process applied to blood yielded a clear 
' faintly yellow Holution of the enzyme, free from 
blood and from iron (Sentor, Zeitsch. phjwkid. 

1 Chi'.m. l‘H)3, 44, 257 ; 1905, 51, 073). Prepara- 
lions (uin bo obtained from many plant tissue 
in a similar manner, oh well as yeast and 
many fungi and bacteria, it is not certain 
whether the eii/.ymea derivisd from these various 
sources an; identical, but l.,oew has distingimhod 
the Kolubie and inHohible forms of the onzyma 
obtained by him fn>m tobaueu as j8* and 
a-catalasc, and Senior has named the enzyme 
from blood hffiniase. 

The catalytic function of the enzyme appears 
to l>e Htrictly limited Ut the decomposition of 
hydrogen peroxide. The oxygen is liberated in 
the giuseouH state, and does notyeffect any oxida¬ 
tions other than can Ik; brought about by free 
oxygen. Till; on/.ymo is very Honsitivo to the 
presence of free Jiydrogen ionR, and, according to 
Sorensen, acta best in neutral solution, whilst 
alkaliH and many salts exert an inhibiting elTect. 
jly<lrocyanic a< id is a jiowerful inlnbitant, but 
<lo<;s not causi; any permanent ebnngc in the 
enzyino. Hydrogen isToxidi; itself exerts a 
diaitruetivi; iietiou on the enzyme, and bunco 
accurate inoasurcmciits of the rate or amount of 
decomposition can only bo made in dilute 
solution and in jjri^eiieo of a relatively largo 
amount of eiv/.yiru;. Under these conditions, 
tin; de(;oni|)osition is luonomoleculur, and the 
velocity IS proportional to tlie concentration of 
enzyme and of hydrogen fHiroxule, whilst with 
increasing (;oneentratioii of hydrogen peroxide 
the velocity bt'coines rolatively slower (Senter). 
As the oxygon apjtears to bo produced in the 
I molecular form, it is probable tJiat the decom¬ 
position occurs in stages, either an intormodiato 
compound of enzyme an<l hydrogen peroxide 
being fonned which then breaks down, or a 
compound ot the enzyme and oxygen which then 
reacts with a second molecule of tlio peroxide. 

’ The reaction is analogous in many respecte 
to the decomposition of hydrogen {leroxide by 
[colloidal platinum (Bredig). The catalase is, 

; however, more eftiCaeious, a solution of 0*001 
; gram per litre of catalase-containing material 
[ from blood having the same effect as a solution 
I of colloidal platinum containing O'OOO gram 
; (Euler, Hofm. Beitr. 1900, 7, 1). 

The action of catalase is measured either by 
titration of the hydrogen jicroxido present at 
i various stages of the reaction or by direct 
I measurement of the oxygen evolved. Eatima- 
; tions of the rate or extent of decomposition of 
; hydrogen peroxide by the catalase of milk or of 
' malt (van Laer) have been used in the analytical 
' examination of these materials. A solutirm cd 
v(»etab1e catalase is used to remove the exeem 
i of nvdiwen peroxide fromcream which has been 
! sterilisea by the addition of this substance 
(Budde). • 

The ph^iological function of catalase in 
animdl t^y is not definitely known, %at it^lr 
conjectured tflht it may be to decompose hydro- 

S en peroxide*or convex peroxides* fonMd 
oring processes of oxidati(A. 
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The OoAHULASisa. 

A imml>er of etuyiiKW exiwt which have the 
projKjrty of briii^jinji about changes iu various 
liquids winch result in the formation of an insolu¬ 
ble material. The most important of these are : 

(1) The ])r(i(luctJon of a curd in milk by the 
enzyme of rennet (chymase). 

(2) 'J'he (coagulation of the blood by the 
enzyme throinbuse. 

(2) The coagulation of muscle. 

(4) The formation of insoluble: Hulftances 
from tho jicctins of plants (jicctase). 

Most of thi!sc changi's ukc exceedingly compli- 
eaU*d, tlie eoagulationof tlie blood being oneof the 
most coinjilex plicuioinena in the whole range of 
physiological chenuHtry. The only one which can 
00 treated h(*ro is tlie aidion of rennet on milk. 

Rennet, Rennln, or Chymase. Kn/vmes 
possessing the power of coagulating milk oia-ur 
in the form of zyniogen in the mucous membrane 
of the stomach of many animals, and an* 
seurotod into the gastric juice; similar sub¬ 
stances an^ also found in many jilants. Milk 
is also (mrdled by jiancreatic trypsin Rennet 
is usually prepared by digi'sting the mcinbraue 
of the stomaoii of ihi' calf with 01-0‘2 ]».c. 
hydrochloric acid, or witli glyc(*rol or salicylic 
acid, and can be prccipitati'd by alciiliol. Some 
doulit exists as to th(‘ relation of lonnot to 
jxqwin, wliicli is also secreted by the (a;lls of 
the mucous mombnim' of the stomach. Accord¬ 
ing to l^avlov (Zeitseb. jiliysiol. Chem. 15)04, 42. 
416), the coagulation of milk is an elTect of 
the action of pi'jisin under sjx'cial conditions, 
whereas Jlanimarsti'ii strongly supjiorted the 1 
view that the two (‘ii/ymes arc distinct (MalyV j 
Jahrt^b. 1872, 1H74, 1877). The ijuestion is a | 
very (complex one, owing to tlu* existence of anti- I 
IH‘pti(: and anti-rennct substances in the stomach I 
extracts, but the balance of oimnonnow inclines 
to the Indiid that two iml(“pen(lent enzymes exist. ; 

Rennet converts the casemogen of milk into ; 
casi'in, the change most jtrobably (but not 
certainly) (tonsisting in tlio hydrolytic di*com- ; 
position of the molecule of caseiuogen with pro- i 
diietion of casein and sopie other product. Tho j 
casein thus produced is ju-ecipitated by calcium j 
salts as an insoluble curd, and it is the forma- ' 
tion of this precipitate whieli is observed in the j 
ourdling of milk by rennet. tSolulioiis of | 
cascinogen in the minimum amount of lime | 
. water or in caustic soda solution are not eurdled 
by rennet, but after treatment give a precipitate 
with calcium salts. 

Tho time rcKjuired for curdling is proportional 
both to the conoentration of (*nzyme and of 
casoinogen. The action ki favoured by slight 
acidity and hindered by alkalinity. The 
optimum teniporaluro is 37'^-46° and the U'ln- 
peralure eoefhcicnt of tho reaction is about 3 
lor 10°. When the milk is boiled before being 
treated, the formation of curd is inteifert'd with, 
probably owing to changes pmduced in tlie 
oaloium salts of the milk. Tho enzyme is 
cajiable of curdling 1,000.000 timr^ its 

weight of milk. 

^ AT.COHOUC FkkmentatkIn. 

Tto production of carbon dioxide and 
alcobbl from sugar is bv far Vho most im¬ 
portant ^ of all technical probesses of fer¬ 
mentation, and &as, therefore, been more 


thoroughly investigated than any other change 
produced by micro-(.)rgani8iiaB. Although both 
alcohol and carbon dioxide are produced from 
sugar by many micro-organisms belonging 
to the class of bacteria, tho power of bringing 
about the typical alcoholic fermentation, 
of decomposing sugar almost quantitatively 
into those two substance's, is possessed among 
micro-organisms only by certain mouldfcand by 
a group of uiiicijllular fungi which belong to 
several closely allied families and arc commonly 
grouped togidher as yc^asts. The biology and . 
mode of culture of these arc treated in tho 
artieh* on Biikwino. 

(UmifM/iHion of yfa.st. The cell consists of 
niembraiK', cylofilasm, and nucleus, but Aiuch 
doubt (exists OH to the (‘xact form of the nucleus 
and the ehangi's winch it undergoes during 
fermentation, budding, and spore formation, 
in till' cytoplasm occur vaeuolcs, and at various 
stages ill llu‘ life of the cell granules of chroma-* 

^ tm and volutin arc formed as well os fat droplets 
1 and glycogen. 

, Yeast, which has been pressed at about a 
j Jialf-ton per square ineli, forms a friable, almost 
' white* mass, eontaiiung about 70 p.c. of water 
and alcohol, and 30 p.c. of solids. The com- 
jioHition of the diy matter of yeast varies so 
I greatly wjtli conditions of growth, &c., that no 
, general statement is of much value. The ash, 
j which amounts to 6-10 ji.e. of the dry residue, 

' eonsi.sts essentially of potash (K.,(), 28-39 p.e.), 
magnesia (MgO, 4-(> p.e.), lime ((’aO, 1-7 p.c.), 
and phosjihoric oxide .(FjOs. 45-59 p.c.), 
tog(‘t)ier witli smaller (juuntitic'S of sulphur 
tnoxide, iron, silica, and traces of ehlorme. The 
exact, nature of the cell membrane is as yet 
undecided, but it apjiears to b(^ closely allied to 
cellulose, ulthougli true cellulose is alxsmit. The 
cytoplasm contains a coagulable albumin, a 
nucl(*iii, glycogi'n, yeast gum, and a large num^r 
of oilier conifKiunds, in part derived rrom these 
by hydrolysis. 

General phenomena of alcoholic fermeifta- 
tion. 1. The frrmenfabh auhaiances. All yeasts 
wlindi ferment glucose also ferment mannose 
and lajviiloso. The case of galactose is different, 
as some yeasts appear to ferment it imperfectly, 
and others not at all. It has been found by 
many olwervx'rs and may now bo r^arded as 
(established, that certain yeasts which do not 
normally ferment galactose readily acquire this 
property wlioii they are cultivateci in the 

f iresoncfliof this sugar, as for example in hydro- 
ysed lactose. Examples of this are S. carls- 
(N.), S. ihtrmantilimum 
(Johnson), Ac. Indeed, according to Lindner, 
all the culture yeasts exhibit tliis property {see 
Slator, Chem. Soc. Trans. 1908, 217; Lindner, 
Wochensch. Brauorci, 1911, 28, 61). 

The higher saccharides are not directly 
ferm<‘ntal>)e by veast., but must first undeigo 
bvdrolysis to the simple bexoses. This u 
e^i%'tei by hydKilytic enzymes present in the 
yeast, which can, as a rule, be extracted from 
the cell by appropriate methods. The ordinary 
culture yeaste employed in brewing, &c., coDtain 
maltose and invertase, but not Iv^tase, and are 
therefore able to fennent maltose and cane 
sugar, but not lactose. Bottom yeaste appear 
inveu'iaUy to contain mdibiase, whid^ ^oom* 
poses melibioso into glucose mid galactose, 
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whilst this enzyme is lacking'in'top yeast. An 
anal 3 rtical method for detecting bottom yeast in 
top ^oaat has been founded on this fact. In 
Motion to this, practically all culture yeasts 
are able partially to ferment rafiinose, which on 
hydrolysis yielcfs moUbiose and fructose, and 
they probably contain a special enzyme, ra ffinimet 
which nroduces this hydrolysis, although it is 
possibli that this is due to the invertase. In 
the case of top yeasts, only the fructose thus 
produced undergoes alcoholic fenuontaf ion, the I 
melibioso remaining unaltered, wherea*^ the | 
bottom yeasts dcecunpose this also. Dextrin is 
also more or less slowly fennenled by y«*ast,, (he 
hydrolysis being effected by n dextriniise or 
amylase. This projK^rty is of grt'at importance ! 
in brewing, as a yoost which jioiiseHSCK a com¬ 
paratively large amount of this enzyme is able 
to attenuate the wort to a greater extent, anil to 
produce a larger yield of alcohol. Stareli and 
* glycogen are unaffected by yeast, probably 
Mcause, owing to their highly colloidal nature, 
they arc unable to penetrate tlie cell. Species 
of yeast are now known wliich are lai'king in one 
or other of all these hydrolytic! enzymes, and 
hence are incapable of fermenting Ihc! corre¬ 
sponding sugar. The.sc have* frcHjueiitly been | 
employed for the isolation of su»-li a sugar 
as maltose from mixtures containing glucose 
or fructose, and for the analyt.ioal estimation 
of mixture's of sugars (Davis and Daisli, J. 
Agrio. JSci. 19K1, 437). and in fact their rela¬ 

tions to the disaccharuU'H arc employed as a : 
means of classification. Thus N. 7narxtanu.<f 
(H.) and IS. exigutiit (If.) ferment canc sugar, 
but not maltose ; S. roun (Boutroiix) ferments 
maltose, but not cane sugar; .S', ftagilis (Jong), 
found in kefir, ferments lactose, and tS. mali 
(Duclaux) only ferments the simple sugars and 
is without action on the dlsaccharidcs. No 
^ost appears to be able to ferment the syntheti¬ 
cal disaccharidcs, such as womaltose or gliieo- 
sidogalatftose, and this disability extends to 
the isomerides of the hexoseii, such as sorbose, 
tagatoso, &c., to the optical antipodes of the 
fermentable sugars whi(!h have liccn obtained 
by synthesis, and to the pentoses and tetroses. 
Reyond the simple sugars mentioruid above, no 
other substance ap))carB to l>e directly fer¬ 
mentable by yeast to alcohol and carbon 
dioxide, with the exceptions of a syntbetical 
9-carbon atom sugar and (d glyceralde- 
hyde and dihydroxyacetone, which, ^ acconling 
to Bertrand, Buchner, and Meisenheiraer (Ann. 
Chim. Phys. 1904, [8] 3,181; Her. 1910,43,1773), 
and Ubedev (Ber. 1911, 44.-2932; 1912, 45, 
3250; Biochem. Zeitsch. 1912, 40, 483), are 
acted on by yeast. Glycerol, and the higher 
idoohola such as mannitol and duloitol, are not 
fermented. In 1911, Nouberg (Biochem. Zeitsch. 
1911, 31, 170) mode the important discovery 
that yeast decomposes a-ketonic aci(u 
R'CO*COOH quantitatively into carbon dioxide 
KQd the ooiTOsponding aldehyde (sec p.*151}. 
Mimy hydroxy-aoids are also slowly attacked 
by yeast, among these being lactic acid (Buchner 
and Meisenheimer, Ber. 1904, 37, 417; 1905, 
38, 620; 1906,39,3201; Oppenheimer, Zeitach. 

S (d. Chem. 1914, 89, 45), glyceric acid 
Derg and Tir, 1911, 32, 323; Lebedev, Beh 
47, 660), gluconic aoid, and glyoxylio acid 
(M)«dev, Bioehsm. J. 1918, 12, $1). 

t©l. 


2. The rate of fermentali'^ hy yeast has been 
investigated by many authors. It is best 
examined by Slator’s method of addii^ a 
suspension of yeast to the solution to be fer- 
mentofl, and determining the initial rate o! 
fermentation. In this way, all errors duo to 
change in the amount and condition of the yeast 
and to the influence of the products of deoom- 
pusition are, to a large extent, avoided (Chem. 
Soc. Trans. 1906, 128). By this and other 
methods, it has been c'stablishiMl that (1) the 
rate of fennontation is directly proportional 
to the number of yi'ost cells present; (2) the 
rat-e of h'rmonlafion iiuTeaseH witli the con- 
(•(‘iitnition of the sugar up to a certain limit, 
and then remains approximately constant, 
decreasing slightly iw the eoncontration is 
further augmented. 

Working with a suspension of 40,000,000 
cells of brewery yeast per c.o. at 30”, Slator 
found that the rate was almost constant for 
glucose concentrations hctwecin 0'5 and 10 
grams jier ItX) o.c. The mode of action of 
yoost j.s th<*refore identical with that typical of 
enzymes which has already been discussed. 

'I’ho rate increases with the tomperaturo, but 
tlie temperature coeflicionl diminishes as the 
temperature increases. The following valium 
wort! obtained by Nlator h>r glucose; they are 
imlejiendcnt of the eoncontration of yoost and 
glucose, the class of yeast and presence and 
aKseneo of nutrient moti'rials, remaining the 
same when inhibiting agents ai-e pn«ent:— 


Temp. 

V/uo/V, 

5" 

50 

JO' 

3*8 

15” 

2*8 

20 " 

2*25 

25° 

1*95 

30° 

JO 


'riic temperature coefficient for an ordinary 
chemical n'oetion is of the same order os these 
numbei“s, viz. 2-3 for 10”. 

Glucose and fructose arc fermented at the 
same rate, and ibis is also the case when the 
fermenting jiower of the yeast is partially de¬ 
stroyed by heat, antiseptics, &c. On the other 
hand, mannose and galar!tose may be fermented 
at a different rate from glucose, and the rates are 
differently affected by inhibiting agents. The 
temperature coefficients for fructose and man¬ 
nose are the same os for glucose, that for gidac- 
tose is slightly loss. 

3. Beat of Jermmtation. During the fer¬ 
mentation of sugar by yeast, a considerable 
amount of licat is (Solved, so that the tempera¬ 
ture of the mass rises as the fermentation pro¬ 
ceeds. The quantity of heat evolved may be 
calculated from the difference between the heat 
of combustion of gluoose (075*7 Cals.) and that of 
the alcohbl formed from it(2 x 325'7«651*40aii.}, 
the remaining product, the carbon dioxide, b^ng 
completely oxidised. This difference amounts to 
22*3 Cals., BO that the tementation of 180 gruna 
of glucose liberates enoi^h heat to raise the 
tomperatiilo of 22 litree of water I®. Sliie 
theoretical number has been conffrmed 
experimentiu of Bouffard (Compt. rend. !89ff, 
121, 357)^ wnp obtained the value 23*5 Gob. ia 
the fermentation of a disaechoride, hlftat is 
evdvod by the hydrolysis to the simple sugan ; 



IM 


FERMENTATION. 


but this is small in amount, being 4-6 for , 
OACG BUKa^T ttnd IJ‘8 Cals, for maltose (Uer 2 (^t < 
Zeitech. physiol. (Iiein. 1(H)3. .37. 383), so that 
the numbers actualiy observed for these sugars ^ 
per gram-inuleoule arc ai.proximately twice, 
that for glucose (Rubner, Arch. Hygien. 1^, , 
48,280 ; 49, :(.70 ; A. J. Brown, ,1. Inst. Brewing, 
IWl, 7, 93). 

4. J’nxlucts of finticnfntion. In(‘ oarluT 
observere (Lavoislor, Cay-huHsac) (■imHhlcrod 
that ill the of fiTiiKiitation the .suj^ar wan 

coinploUdy (l('(M)ni|)osc(l into carlion (lioxidf a!i(i 
ahfolxil, aficonlin^ to t-lio ffpiation : 

2C0,-l2CoH„0 

SchiniiH, iu iMl, howover, ohserved tlio 
occummeo of Hucfinic acid m all ff'inif^nlcd 
liquore, end tho arnounl- of tliis Kidwtam-e fonmal 
wifi carfffully (vtliniat.Ml l.y I’afitcur (Com}>i 
rend. lHr>8. 4(i, 857), wlio also niuilc the jiiiport-ant 
observation tlmt glycerol wafi an invanabU- 
product of the fcnncnlation of nn^ar. Accord¬ 
ing to i^afitcur, the products from MKI ])arl.s of 
cone BU^ar, which yuOd 10.7 5(> parts of invert 
HUgar, aro : 


AUohol ... 

Carbon dioxide 

Succinic acid . . • • 

(llyccrol ... 

(kdluloBc, fat, ami exlractivf 
matter 


51 11 
0-(i7 

i-(H) 

i()5-:U) 


The projiortioiiH of those products were 
8 ul» 0 (iucTitly found !•> bo variable and to dopoiul ; 
on the conditimi of thi' yeast, the nature of the ^ 
nutrient material, i^c. Many other sulwidiary 
producU liavo now been rocogniHcd m addition 
Ui 8uc(unic aoiil and glycerol. Among tluxse^ 
may Iw mentioned /sobutylcncglycol (m wine j 
and eherry brandy), formic acid, aeetie acid. | 
propionic acid, butyric acid, and Bcveral bIiU i 
higher acids, which occur aa cBters (caproic, 
caprylic, pelargonic, caimc, mnanlhylic), and 
formaldehyde, acolaldohydc, and triu^cw of | 
higher aUlohydes, ]>ropyl alcohol, «-butyl 
alcohol, *>obutvl alcohol, n-amyl alcohol, tm- | 
amyl alcohol, cthylmethylcarbinol, and alcohols j 
containing 0, 7, and 0 carbon atoms. ; 

The olooholB and alilohydcBmentioned above 
are found in the spirit obtained by the diatilla- 
turn of the fermented liquida. All such amnt 
vielcU a fnw tion of high boiling-point, which 
amomite to 01-0-7 p.e. of the whole, and w 
known as fuBel oil (g.e.). The diseuBSion which 
has long raged over the origin of thin funel oil hafi 
been set at rest by the rt'searchcH of Khrlich 
(Zeitsch. Rub. Znck. Ind. ltK)5, 530; Biochera. 
Zeitach. lOOtt. 2, 62; * 1909. 18. 391 ; Bor. 
1906, 39, 4072; and many other papere), who 
has proved in the most conclusive manner that 
the higher alcohols and probably the corre¬ 
sponding acids and aldehydes which are observed 
In fermented liquids aW formed by the yensi, 
not from the sugar, but from the ^mino-acida 
nrodttoed by the hytirolysis of the protein« of 
medium and of the yeast cell itself. 

The reaction is a general one,oand requiree 
the nroaence of liviM yeast and sugar as well 
W the amino-aoid. Vndor these circumat^^, 
the yeast'ttot only ferments the sugar to alcohol 


and carbon dioxide in the usual way, but also 
brings about what Khiiicli terms the alcoholic 
fermentation of the amino-acids, according to 
the equation: 

llCH(NH3)COOH-^H20=-R*CH2'OH-!-NH,+CO, 

The ammonia apjiears to l>o invariably 
assimilated by the yeast and is not found in the 
! mi'dium. This fai't probably affords the key 
1 to the biological significance of the reaction. 

I It IS by meatm of this change that the yeitel 
I acijuims the nitixigen necessary for its existence 
1 frmn tlie amino-acids, wliicli are usually the 
• cliK'f available source of this element. The 
wboli! change is rendered poMsible by the 
utilisation of some of the energy evolved by 
t)i<5 fennentakun of .sugar, which is proceeding 
simultaneously. Ehrlich has shown, by careful 
experiments, that in thi.s w<ay, leucine 

((m,)/(TI-CH,CJI(NHo)(100H ^ 

yields tlie -.soamyl alcohol 

(CH,‘).(:h(;h,{T12(()H) 
and /.wleucinc ('^H5'Cil((5H3)'OH(NH2)’Ct^f^H 
the d-amyl alcoiiol ('^H,i'(‘H((JHj)'CH 2 ‘OH, 
wliich arc the main constituents of fusel oU. 

'I’he otlier amino-atids yield corresponding 
products, lyrosino 

()lf(^,ll,('H2*(;H(NII.,)C00H 
i lM;ing converted into ?>-hydroxyplienylethyl 
j alcohol or f.yrosol OH‘()oH 4 'OH 2 lTl 2 ’OH, a 
! substani'c of mt^'nsely bitter taste, and phenyl¬ 
alanine ('9lf5’('H..-CJl(Nil2)'<^'^^<^^l phonyl- 

ethyl alcohol one of the 

chief constituents of oil of roses. Tt is almost 
certain that many of the substances which im¬ 
part flavour, bouquet, and. aroma to fermented 
li(jUore have their origin in this manner, so that 
the subject is one of fundamental importance 
for tlie t<.*elmok)gist. • 

Succinic a<*id is also formed by a reaction of 
this kind, which differs from the forogqjng in so 
far lus it involves an oxidation. The source of 
this sulwtance is glutamic acid 

COOH-t^Hw-CK^OHiNHalCOOH 
which, instead of yielding y-hydroxybutyric 
acid, as might have ]^‘en expected, is converted 
into siiocinie acid 

(M)OHCH.,CH2-CH(NH.2)-C00H-f2O 

~C(,)OH-CH.,CH2COOH+COj+NH, 
Yeafit is, moreover, not only eapble of pro¬ 
ducing tUoise changes in amino-acids natuniily 
present in the medium or puipwely added to it, 
But also decomposes in a similar manner the 
j amino-acids formed by the hydrolysis of its 
■ own albumin. Some of the cells evidently 
I utilise the products of the autolysis of otliers 
which have died, and hence it comes about that 
even when a pure sugar solution is fermented by 
i pure wafihc'd yeast, the fermented liquid con* 
i tains a certain small proportion of fusel oU, 
Isuocfnic acid, &c. The amounts produced 
i in these eircumstancefi are, however, small, 
as they arp also when the yeast is grown in 

K 'noe of ammomum salts. It also ioHows 
this that when yeast is grown in a synthotk 
medium, containing amiatmiiira salta cmly is 
the source of miToam, the carbon of 
oil or succinic acid produced is indiroo% de^ 
rived from the sugaif- 
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seems imbable, irom the experiments o! t 
N0ttbsner and Frombera (Zdteoh. physiol, j 
Cbem. 19U, 70, 320). that the amino acia (1.); 

undergoes indirect oxi<latioii to the corre- j 
sponding kotonic acid (HI.) and ammonia, and I 
tMt the acid is then decomposed by the yoast, 
fonning carbon dioxide arid an aldehyde (IV.), ' 
w^ch then either undergoes reduction to an 
sdoohol (e.g. fusel oil) or oxidation to an acid 
(e,4^ succinic acid). 


R 

R 

R 

R 


•^oir - 

f'\NH. 

<’o 

(’HO 

COOK 

COOK 

(HK)H 


I. 

11. 

111. 

IV. 


It is intoreating to note that * the ri-ju-lhin ■ 
proceeds asymmotrleally as alreiwly desenbed 
{see Enzyme action). \ 

^ It has now been proved by Neuberg and his 
ooUoagues (w. post) that tho glye(“rol, wlneh is 
invariably formed during fermentation, iin<l. 
unlike tho substances diseusstKl above, is (Kjually 
produced by yeast juice and zyiiiin in the 
absence of living yeast., is deiive<i from the sugar. ; 

The production of by-]>rodiietH is iniluenced 
not only.by tho nature of the available nitrogen 
supply, as already explainiMi, but also by many 
other factors. Thus, Ashdown and Hewitt ' 
(Chem. Soc. Trans. 1910, 03(i) have adduced 
evidence to show that in the prcHonoe of 
formattw the amount of aldehyde produced | 
diminishes. 

5. Hatio of alcohitl to carhon thoridc. All 
those decompositions liavc an intluenoe on the 
ratio of alcohol to (‘arbon dioxide produced by 
alcoholic fermentation. The theoretical ratio 
is 46/44—-1 •04.'>, and I’astt'ur, as quoted above, 
actudly found 61*11 itarts of alcohol to 49*42 of 
o^bon dioxide from 1(K) of cane sugar. He, 
however, consiilertHl that succinic acid and 
glycerol were formed according to the equation : 

= I2(\H,(). + 72<!3H,0;,+30(;0.. 
and therefore ascribed 0*53 of carbon dioxide to 
the fermentation which ha<l produced 0*67 of 
Bucctnic acid, thus leaving 4H*89 of carbon 
dioxide as the product of tho true alcoholic 
feriQentaiion. the eorrocted ratio being thus 
61*1I/48'89=1*046, exactly the theoretical. 
Similar rwulta were obtained by Jodlbauer 
(l^tsch, Kiib. Zuek. Incl. 1888, 308), who found 
cane sugar yielded 49*04 p.c. of carbon 
dioxide. 

Buchner and Meisenheimer (Bcr. 1910, 43, 
1773), working with pure yeast (Race 792 of the 
Berli^ Collection), obtained 49*73 p.c. of the cane 
sugar as alcohol, and 49*12 p.c. as cafbon dioxide, 
the ratio being 1*01. They ascribe this excess 
of carbon dioxide to the oxidation corresponding 
to the production of glycerol, tho amount of 
which was not estimatetl. l{i spite of the fact 
no nitrogenous material was added fib the 
iMdium, the carbon dioxide and alcohol only 
st^present 98*85 parte of the 105*36 of invert 
■agar to be accounted for, so that 6*61 parts had 
tmd^one some other chaste. Any cai^on 
.4k>xi& formed from amino-acids produced by 
■ would be included in the amount 

foond. 

, 9. Fomaiim of gisfcogen: aviofermefitatim 


of yeast. Yeast veiy readUy converts a portiiMi 
of the carbohydrate preeent in the medji^ into 
glycoffen G^HjeOs, which is stored in Ihe oeli 
{see Harden and Young, Chem. Soc. Trans. 
1002, 1224, where the literature is cited). 

This materia! acts aa a reserve carbohydrate, 
and. when tho yeast is preserved in abe^oe of 
sugar solution, is slowly broken down by a 
diastatic enzyme, into sugar, and fermented mto 
ah;oh^ and carbon dioxide: this phenomenon 
IK known as tie* autofermentation of yeast. As 
yeast may contain as much as ‘10-40 p.c. of iU 
dry weigfit of glycogen, it follows that a very 
c(tnsidei*ab!o amount of carbon dioxide and 
al<;ohol may lx* jiroduccd from yeast alone. The 
nubdcrinentation proceeds more rapidly at h^h 
temperatures (Harden and Howland, Cnem. Soc. 
Trans. 1227), and is greatly accelerated by 
tho addition of many salts (Harden and Paine, 
diem. Soc. Proc. 1911, 103) and of toluene. Tho 
conditions of formation of glycogen have been 
mvcetigated quantitatively by Pavy and 
Bywaters (J. Physiol. 1097. 36, 140), and micro- 
; Hcopically by Wager ami Peniston (Annals of 
; Botany, MHO, 24, 46 ; J. liwt. Browing, 191U2). 

77«’ ah'oholic enzyme of ymst. Attention 
has aln^ady Ix'en called to the fact that up to 
1807 uU attempts to isolate from a yeast an 
enzyme capable of producing alcoholic fer- 
. mentation liad failed. It liad early been shown, 
at lirst by Mitschorlich (1841) and then by 
, Helmholtz, that the process of fermentation in 
' all probability took plax'-e within the ceil and the 
, efforts of later investigators had been rightly 
direcUid towards the extraction of an enzyme by 
! some j>rocosH of disinU^gration or treatment with 
1 solvents. All such efforts wore, however, made 
i in vain, as were also attempts to extract tho 
; enzyme by freezing or plasmol^mis, the products 
, obtained being cither inactive or owing what 
; activity they possessed to the presence of un- 
' broken yeast cells or bacteria (Liidersdorff, 

; Schmidt, Pasteur, Marie von Manass^in, Adolf 
^ Mayer, Nageli, and Loew). A slight modifioa- 
, tion of the grinding processes which had been 
' uB(}d by several of these authors, led, however, to 
I HueecKs. Hans and Eduard Buchner applied to 
: yeast the process of grinding with sand which 
I they had previously employed successfully for 
: bacteria. By adding kieeelguhr, at the sugges* 

. tion of Hahn, to tho pasty mass obtained, and 
I submitting the mixture to a high pressure, they 
: obtained a clear liquid which was capable of 
; fermenting sugar (Buchner, Ber. 1897, 30, 117). 

\ The nature of the active agent in yeast fuice. 

; Buchner at once established tho facts that the 
yeast juice, prepaid as just described, wm 
capable in the abiwnce of yeast colls of producing 
, alcoholic fermentation, and that this power was 
j not removed by the addition of chloroform, 

1 benzene, or sodium arsenite, by preoi^MtatioD 
] with alcdhol, by evaporation to dryness at 
30^-36°, or by filtration thruiuh a Berkefeld 
I candle, whereas it was completdy destroyed at 
150°. Ho therefore concluded thot the fer* 

I mentarive nower of the Juice was due to a dis> 

; solved subibance of the nature of an enzyme to 
which he gave the name of zymase, oevei# 
of the of this liquid, howevm, sug¬ 

gested to various investigatom tibat it M 
contain an enz 5 rme of ordinary Iditd, but 
rather fragment of tlm living protopiasm ^ the 
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yeaafc, which rctaini'd for «ome time the functions i becomes hydrolysed owing to the presence ot a 
which they ha^l pos»(«»ed in the cell. This idea ) powerful tryptic enzyme, known as yeast cwdo- 
was in harmony with tlio facts that the fer- | tryptase. At the same time, the power of pro- 
menting power of the juice was rapidly lost on : ducing alcoholic fcrment^ion is lost, and it 
preservation, and that comparatively large | seems jnobable that this is due to the action of 
amounts of certain antiseptics did undoubtedly j the tryptic enzyme on the alcoholic enzyme 
greatly tliminisli its a<-tivity. Other objections, i (Buchner). When excess of sugar is added and 
founded on the l;<‘baviour of the juice on diln- : tlie mixture incubated at 25*^, a steady fermenta¬ 
tion, j)rovc(l not to 1h< well founded, tion ensues, carbon dioxide being evolved and 

Further experience of the nature of y<*nst juue alcohol produced in nearly (he theoretical ratio, 
has shown that this idea haft llUlo to reciUmncnd at a rate which gradually deci'cafte^ until^the 
it. The action of antisejitics is closely analogous , process stoj^s, after 72-lM> houm, not from ex- 
to their efioct on otlier enzymes, and the 1(»sh of haustion of the sugai^ hut owing to the destruc- 
fermenting power has Ix'cn shown to l)^^ a very i tion of the«active agent of fermentation. The 
complex ]»hencmicn<ui. No evidem-c of tin* juice fnun bottom yc'asts a])peai'K to be more 
existence in the. juice of undissolvcd jirolo- ' stable and to produce a somewhat greater total 
plasmie fragnu’iits has heem jmt forward, and fermentation than that from top yeasts, 25 e.c. 
experiinents on the jjrei'ipilation of tlie juicc' by of juice producing on the average at 25® an 
alcoliol and ether show that it these' fragments ; evolution of about 1- 15 grams of carlmn 
do exist th(‘y an* alilo to withstand rcpeali'd ! dn»xide in the ease of bottom yeast, and 0’5-l 
solution in water or dilute glycerol amt re- iiram in the case of toji yeasts, 
precipitation without losing their ]>ower of The juice ferments those sugars which are 
jirodueing fonnentation. Such projiertjes aie fermentabh^ by the yei\si from which it is pre- 
only consisbmt with tlio jiresi'uce of an enzym(“, jjared and, in addition, dextrin, soluble starch, 
ami there seems at. present no reason to doubt and glycogen, the first, of which is only slowly 
the existence of such an agent in yeast juice. l and imperfectly fermented by yeast, and the 
Pre/ptiration and prop/'rtuM oj yivd juice, last two not at all, as already explained. Malt- 
Fresh brewery yeast is w'aslieil and pressed out ; osc and cane sugar are liydrolyscd before being 
at al>out .'iO kilos, jier s<|. cm. The resulting fermented, and the fermentation proceeds just 
moss, which contains about 7(> ji.e. of water, is as with the simple sugars, glucose, fi-uotose, and 
mixed with an eijual weight of sand, and from mannose. Slight ditb'rences btdween the rate.ft 
0'2-0',‘l part of kieselgulir, i^are being taken that of fermentation and the total fermentations 
this is mx' from aeiil. 'Phe dry pow’der thus produced with these three sugars, liavc been 
formed is then ground m smull portions at a ^ observed by Hardi'n and Young. A yeast, 
time in a large ]K)rcolam mortar by nu'ans of a . which ferments galactose, yields a juice which 
heavy pestle, until the mass becomes pasty, | also fenuents this sugar, but the action is often 
which occurs after alM»ut I-2 minutes’grinding. ; much less jironounced relatively to that on 
The paste is then either direetly pr<*s8ed out j glucose than is that of the living yeast (Harden 
after iMiing wrapjied in a lilter clot)i, the pre^ssuro ' and Norris). 

being gradually raised to 00 kikw jier sq. cm. ' Yeast juice, like living yeast, exhibits the 
(Buchner), or is mixed with more kiesclguhr and jihcnomenon of autoferinontation, which is 
the dry jiowcler prt'ssed out bi'tween layoi-s of . earned out at the expense of the glycogen 
chain cloth (MacFayden, Morris, and Howland), i present in it. A diastatic enzyme, capable of 
The yield of juice obtained from 10(K) grams ; liydrolysing glycogen, exists in the juice {glyco-' 
of Imttom yeast by Buchner is about 220-460 C.C.; and iienco added glycogen is also 

that obtained from English toj) yeasts is rather I fermented, but usually at a lower rate and with 
amallcr, averaging 250 e.c. (Harden and Young). ! a smaller total yield of gas than glucose. The 
The product, after any suspended yeast cells ! autofermentation of the juice from top yeast is 
have Doen removed by tiltration or centrifugali- ; often very considerable m amount, and may even 
aation, is a slightly viscid, brownlsli-yellow, I occasionally equal that produced with gfucoee, 
opalescent, faintly acid liquid of Rp.gr. 1 *03-1’Ot). ; wliilst it is less pronounced with juice from 
It contains alKuit 8 5-14 p.c. of dissolved solids, i liottom yeast Maceration juice is almost free 
and 0‘7-l‘7 p.c. of nitrogen, nearly all in the | from aiitofcrmentation (tfcc()j)penlieimer,Zeitsch* 
form of albumin, so that the liquid coagulates I physiol. Ohem. 1914, 89, 63). 
when heated. The asli amounts to 1*4-2 p.c. 1 The rate of fermentation of sugar varies with 
and, liko that of yeast, contains a large jiropor- | the concentration of (he sugar in the manner 
tion of phosphoric oxide. , ' characteristic of enzymes, and in this respect 

An active extract, known as maceration I tbo juice closely resembles living yeast. After 
juice, has been obtained by Ix'ln'dev (t'ompt. | a certain snfhll limit of concentration is attained, 
rend. 1911, 162, 49; Ann. Inst. J’asteur, 1912, j the initial rate is practically independent of the 
26, 8) by drying yeast at 26®-30®, and then i concentration of the sugar, but decreases 
macerating the dried material with 3 parts of) slightly aa this increases. The gradual destruc- 
water for 2 Vvouth at 35®. The liquid is then \ tion oi the euzyra^ produces a gradual i«dl «v 
filtered or oentxiioged and a clear active extract ratei which simufates the course oi a mono- 
is thus obtained. With some yeasts, and molecul^ reaction, and is r^arded by some 
notary muiy English top yeasts, the investigatoie as evidence that the reaction is of 
pTOeww fldlB, whoreiiuB bottom yeastf in general this type (Euler, Zeitsch. physiol Chem. 1905, 
^^ 0 ood fesulis. The extract cloedy resemblee 44» 53). increased concentration of the sugar 
yiMt juice obtained.by grinding, but usually also increasee both the duration o! fermentation 
Dcmtelas a larger amount m inoixafiic phosphate and the total fermentation, probably owing to a 
a laueAi smaUw amount of ^foogen. protective action on the fennentii^ mechankaii: 
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dilution, and, with juice of lugb fermenting i^wer, 
is probably proportional to the concentration of 
the juice. The total fermentation produced is, 
at the same time, sliahtly diminished. 

Accompanying the decomposition of the 
sugar into carbon dioxide and alcohol, a syn¬ 
thetic action proceeds, by which a portion of the 
glucose is converted into a polyeaccharidc, which 
J8 reconverted into glucose by hydrolysis with 
acid. Hence the observed loss of sugar as esti¬ 
mated by reducing power is usually considerably 
greater than the sum of the weights of alcohol 
and carbon dioxide produced. (This pheno¬ 
menon is, however, differently interpreted by ; 
Euler; see Harden and Young. Biochcm. J. | 
1913, 7, (>30, when; the subject is discussed.) 
The exact nature of this complex saccharide | 
has not yet been deterniined, but observations ; 
by Cremer (Her. 1899. 32, 2092) point to the [ 
possibility of the synthetic production of glycogen 1 
in yeast juice. As aluMidy mentioned, succimc ! 
acid and fusel oil arc not fornie<l by yeast juice, i 
whereas glycerol is jiroduoed to the extent of 
about 3’8 ]).c. of the sugar fermentod. 

The action of anlis< })hcs on ymst jincc. has 
Imjou investigated in some detail. Saturation 
with chloroform or toluene or the addition of 
1 p.c. of thymol lias practically no effect, whilst, 
the inhibiting action of substances like phenol, 
formaldehyde, lM*ii/oic acid, and salicylic acid, 
is very small in O’l p.c. solution, inoixi con- ; 
siderable in more concentrated solutuuis. 'Fhc | 
fermenting power is destroyed by 4 p.c. chloral, ! 
1*2 p.c. plienol, 2 p.c. sodium fluonde, ()'55 p.c. j 
ammonium fluoride, or 1'2 p.c. hydrocyanic 
acid; but in this last case it is restored when ! 
the hydrocyanic acid is removed by a current of ' 
air. The action of potassium arsenitc is some¬ 
what complex, and is treated later. 

Fcrnientatioit by dry jjn'inralionji of yeaul and 
ymffl juice. Yeast juiw; can be evaporated to 
dryness at 37*^ without loss of fermenting power 
as measured by the total fermentation produced. 
When the juice is brought into 10 voluini's of 
aoetono and rapidly drained, washed with ether, 
and dried, a white jiowder is obtained, which is 
almost completely soluble m dilute glycerol, and 
retains the fermenting power of tiic original 
juice. Dry preparations can also l>e obtained 
from yeast without an;^ previous grinding, either 
by dicing the yeast in air and then heating it to 
100 ** for 0 hours {hefanol) or by treating it twice | 
with a large volume of acetone (or alcohol and 
ether), washing with ether and drying. The 
material prepared in the latter way amounts to 
about 30 p.c. of the pressed yeast taken, and 
is known as acetone yeast, permanent yeast 
{Dauer-hefe) or zyniin, and is almost anhydrous, 
sterile, and quite incapable of growth, but 
readily produces alcoholic fermentation when 
brought into sugar solution. The general 
phenomena of fermentation by its moans are 
the same os are produced by ^east juice. Both 
the total fermentation and the rate of ferra^ta- 
taon are 4-6 times greater than would l>e 
obtained with the yeast Juice-prepared from the 
&une w^ht of yeast. 

The conditienu ofadion of ihe fermenting agpvt 
cMtoaaed ymM juice. The inveetigation of 
the mode of action of yeast juice on sugar has 
■lK>wn t^t the ]ux>oeee is very complex. The 
OBcyme h aooompamod by another substance, 


termed the coenzyme, the presence ol whi<di k 
essetftial for the production of fermentation, 
and, moreover, the chemical change is not a 
simple decomposition of sugar, according to 
Gay-Lussac’s equation, but a complicated re¬ 
action in which a fait of ph<iBphoric acid takes 
part (Harden and Young, Proc. Roy. Soc. B. 
1900, 77, 405, 78, 309; 1JH)8, 80, 299; 1909, 
81,330; 1910, 82,321). 

The cof.mi/inc of yeast jnicc. When yeast 
juice *58 passed under pressure through a 
Martin filter, which consists of a Chamberland 
filtering candle impregnated with 7-10 p.c. 
gelatin, all the colloidiu matter of the juice is 
retained on the filter, whilst the dialysable 
subHtane(uj pass through, so that the constituents 
of tlio juice are divided into two parts. When 
these two portions, the residue and the filtrate, 
are separately incubated with sugar solution, it 
IS found that neither of them is capable of pro¬ 
ducing fermentation. When, however, the two 
solutions are mixed, fermentation proceeds at 
almost the same rate as with the original yeast 
juice (Harden and Young). Yeast juice, there¬ 
fore, contains a dialysable substance essential 
for the jimcosH of fermentation, and this is 
pnjvisionally termed the coenzyme or co- 
ferment. It is also prcsimt m zymin, from which 
it can be readily removed by simple washing 
with waU'i*, a perfectly inactive residue being 
left. 

Our pi-esent information with regard to the 
coimzyme may be summansod as follows: 

(1) It is thermostable, and is not destroyed 
when its solution is boiled. It is therefore 
present in 1-ho liquids obtained by boiling yeast 
juieo and filtering, by heating yeast at 100°, 
or by boiling zymin with water and filtering, 
and iH l>est prepared by one of those methods. 

(2) It is dialysable, and can be removed from 
yeast juice by dialysis against water (Buchner 
and Antoni, Zeitseh. physiol. Ohom. 1905, 46, 
136) as well os by the filtration methods alr^dy 
describeil. (3) It is destroyed by hydrolysis 
by acids or alkalis, and oven 1^ the continued 
boiling of its solution. (4) It is gradually 
destroyed in yeast juice, less rapidly in presence 
of sugar, by an enzyme, which appears to belong 
to the group of lipases, since the destruction 
proceeds more rapidly in the presence of the 
lipase of castor-oif seeds, but is not accelerated 
by trypsin (Buchner and Klatte, Biochem. 
Zeitseh. 1908, 8, 520). (5) It is not precipitated 
or destroyed by lead acetate, and can therefore 
be, to some extent, purified by means of this ♦ 
reagent (Harden and Young). It is precipitated 
by a large volume «f acetone or hlcobol along 
with tiio enzyme and also by colloidal ferrio 
hydroxide (Kosensclieck, Biochem. Zeitseh. 
1908, 16, 11). The coenzyme is* also present in 
animal tissues (Meyerhof, Zeitseh. physiol. 
Chem. low, lOl, 165; 102, 1). 

It was found by ('Mpenheimer (Zeitseh. 
physiol. Chem. 1916, 93, 236) that pyruvic acid 
and its salts, and to a smaller extent acetalde¬ 
hyde, exert^ a stimulating action on the 
fermentatioK of glucose by maceration juice, 
and Neuberg (Biochem. 2kit6ch. 1916, 71, IL 
extended this observation to other a-ketmdo 
acids. Moredver, by adding a mixture ol a 
large number *of a-ketonio acids (aLong with » 
phosphate) to maceration juice inactivsted Iby 
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dialj^iH, or zymin inacii?at<>(} by washing, he 
obtained a Hniall amount of fermentation, and 
concluded that tliiis mixture could portly ronlaco 
the coenzymo (Neulwrg and Schwonk, Bioonem. 
kitsch. 1916, 71, 136). Harden (Biochem. J. 
1917, 11, 04) subseqiK'ntly found that acetalde* 
hyde wa« capable, in pr(«?incc of potaosium 
phofipbate, of roai-tivating •wjiHhea zymin, 
prenanul from Kn^lwli top yeast. This result 
18 , however, not accepted byNeuberg (Biochem. 
Zeitseh. 1918, 88, 146). Ho aiwo found ilmt the 
presence of K or NH 4 ions was neceftsary for 
the process, and that these could not be r<*. 
piac^ by Na ions. I’yruvic acid, which is, 
converted by the earboxyloHO (»f the zynnn int<* 
ac«taldehyde, has a similar ellect’. It sc'ems 
possible, tliorefoix', that the eoenzynie may turn 
out to 1 )C acetaldehyde or houh' analogoun 
substance. Nouberg and his colleagues (Biochem. 
Zeitsch. 1918. 88 , 14.6; 1920, 101 , ::39, 270; 
109, 290; 1921, 120, 21.6) have found that a 
large number of reducible siibrtanVes, both 
inorganic and organic, act as stimulants to 
alcoholic feimentation by yeast jireparations, 
and in some eases by Jiving yeast, and consuler 
that they act tvs acceptors for hydrogen, and 
thus increase the rate of the miction. Harden 
and Henley (Biochem. J. J920, 14. t>42; 1921, 
16, 176) have found that, at all events in certain 
eases, the stimulation is limited to the reaction 
in presence of phosphate (see bedow). Stimula¬ 
tion is also produc'd by certain substancc^s 
which are not easily reducible, such as the 
higher polyatomic alethols (Houberg). 

The, function of phoKphaten in okohohe fer- 
ineniaiion. The addition of a soluble pliosjiliati' 
to a fermenting mixture of yeast juice and sugar 
produces a reniarkable ctTeet, The rate of 
fermentation is gn^atly inerc'osed, gradually 
attains a maximum, and remains at this higli 
value for a certain tinu*, after which it rapidly 
falls until it is again approximately the same 
as before the addition of phosphate. During 
this period of enhaneed fermentation, the 
amounts of carbon dioxide and alcohol pi-odueed 
exceed those which would have been formed in 
the abecnce of added phosphate by an amount 
exactly eimivalent to the phosphate added in 
the ratio R^IH),: (.’024 t'jHgO (Harden and 
Young, them. 80 c. Proc. 1906, 21, 189). The 
pho 6 ]^ate is. at the same time, converted into a 
phoepho-oiganie compoiiiKl, termed a hexonc- 
dipko^atf, of the formula (’«H,(, 04 (P()|R 2 ) 2 , 
which is not precipitated by magnesium citrate 
mixture or uranium salts (Harden and Young ; 
Ivanov, Zeitsch. physiol. Chem. 1907, 60, 281). | 
In other wor<bi, a definite chemical reaction 
occurs fltccording to the following equation, 
whioh is fouiwica on the ratio IkiUi of sugar and 
phosphate to carbon dioxide and alcohol, and 
on the composition of the hexosephosphate 
produced: « 


(1) 2 C.H„ 0 ,-|- 2 RaHP 04 

«2C0,+2C,H40+2H,0+C4H,e04(P04R*)2 


In presence of excess of sugar the esten* 

floation proc<*eUs acconling to a mopo>iK>]<K>u)ar 

imetim, $nd is mast npid in fmtlv alkaline 

i,nd 

at this Teaci\<av Tondcni it 

j^wnA»Ue are ce^tial lor the 


jnico, and that in their absence no lermimtatio& 
con occur. This conclusion has been confirmed 
in a very striking manner by exwriment. By 
making use of the methods descmied under the 
heading of the coenzyme, a mixture of enzyme, 
coenzyme, and sugar can be prepared which 
contains no free phosphate or hexc^ephosphate 
and very little phosphorus in any form which 
can yield phosphate by enzymic action. Such a 
mixture is almost comj)let<'ly devoid of ferment¬ 
ing power, but ferments readily when a small 
proportion of phosphalc is added. In a parti¬ 
cular COSO, the j)hoHphato-fr<‘c mixture only gave 
1 ‘5 <’.c. of carbon dio.vide, whereas in presence of 
phosphate 132 e.e. w('re produced (Harden and 
Young, Proc. Hoy. Soe. B. 1911, 83,461). As the 
result of the reaction expix'ssed by equation ( 1 ), 
practically the wiiolc^ of the free phosphate of 
tile juice is converted into liexosophosphate, and 
the fermentation sliovild therefore come to a 
close unless soiiie nienns of regeneration of free 
phoKpliate were provided. Actually the neccs- 
Hury phosphate* is supjilied by the hydrolysis of 
the hoxosephoKjihab*. winch is effected Iby an 
enzyme, termed on this account /tcxoncphos- 
ph(iUm\ and yields a hexose and a phosphate : 
(2) t;cH,o<>4('l*D4U,),-l2ILO 

-(.:,ll, 20 e+ 2 R 2 HP 04 


Both the hexos(‘ and the phosphate thus formed 
enter again into rca<-tion (I). The phosphate 
thus goes tlirough a regular cycle of changes, 
being tirst converteil into hexosephosphate and 
then liberated by hydrolysis. 

It is now jKissible to understand the con¬ 
ditions winch prevail in yeast juice in the 
presence and absence of added jihosphate. 
When the projier or optimum amount of phos- 
j)hate ifc added, reaction ( 1 ) proceeds at its maxi- 
mum rate, and this rate affords a measure of the 
concentration of the fermenting complex present 
in the juice. When all the phosphate has been 
<-onvcrted into hexosephosphate, the rate falls 
to a low level, whieli represents the rate at which 
phosphate is being supplied by the hydrolysis of 
the nexosephosjihatc. The rate or fenuenta- 
liou under these conditions, the so-called normal 
rate of fennontation, is therefore a measure of 
the concentration of the hexosephosphatase. 
If it were possible to accelerate the rate of 
action of this enzyme to illich an extent that the 
supply of phosphate was maintained at tbe opti¬ 
mum amount, the rate of fermentation would 
be permanently maintained at the high level 
observed in presence of added pWphate. 
Precisely this result is attained by the addition 
of a small amount of sodium arsenate to tbe 
juice. A largo and permanent rise of rate 
occurs, and direct ©x))eriment shows that this is 
due to acceleration of the rate of action of the 
hexosephosphatase (see also Meyerhof, Z«t«ch. 
phyaol. Chem. 1918, 102, 185). Arsenites pro. 
duco a somewhat similar but much loss manLed 
etlo^ (Harden and Young, I,c.). 

Bexosediphospkone acid. The phomho- 
oivamo compound! pftiduced during fenaentamot 

which wait first oheorved hy Harden and Yoong, 

has since been stodied by Ivanov Ike. md Cm. 

Bokt. Par. ib 1009, IM, i); liebedev {Bioohjun.. 
Zoitech. 1900, 20, U4; 1010, 28, 218; lOU* 
36, 318; 1612,39,166; Z^tvcli. ph^i^ 

i6U,'t5,«KS., 1«IS.84,I95) " 
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dilution, and, with juice of lugb fermenting i^wer, 
is probably proportional to the concentration of 
the juice. The total fermentation produced is, 
at the same time, sliahtly diminished. 

Accompanying the decomposition of the 
sugar into carbon dioxide and alcohol, a syn¬ 
thetic action proceeds, by which a portion of the 
glucose is converted into a polyeaccharidc, which 
J8 reconverted into glucose by hydrolysis with 
acid. Hence the observed loss of sugar as esti¬ 
mated by reducing power is usually considerably 
greater than the sum of the weights of alcohol 
and carbon dioxide produced. (This pheno¬ 
menon is, however, differently interpreted by ; 
Euler; see Harden and Young. Biochcm. J. | 
1913, 7, (>30, when; the subject is discussed.) 
The exact nature of this complex saccharide | 
has not yet been deterniined, but observations ; 
by Cremer (Her. 1899. 32, 2092) point to the [ 
possibility of the synthetic production of glycogen 1 
in yeast juice. As aluMidy mentioned, succimc ! 
acid and fusel oil arc not fornie<l by yeast juice, i 
whereas glycerol is jiroduoed to the extent of 
about 3’8 ]).c. of the sugar fermentod. 

The action of anlis< })hcs on ymst jincc. has 
Imjou investigated in some detail. Saturation 
with chloroform or toluene or the addition of 
1 p.c. of thymol lias practically no effect, whilst, 
the inhibiting action of substances like phenol, 
formaldehyde, lM*ii/oic acid, and salicylic acid, 
is very small in O’l p.c. solution, inoixi con- ; 
siderable in more concentrated solutuuis. 'Fhc | 
fermenting power is destroyed by 4 p.c. chloral, ! 
1*2 p.c. plienol, 2 p.c. sodium fluonde, ()'55 p.c. j 
ammonium fluoride, or 1'2 p.c. hydrocyanic 
acid; but in this last case it is restored when ! 
the hydrocyanic acid is removed by a current of ' 
air. The action of potassium arsenitc is some¬ 
what complex, and is treated later. 

Fcrnientatioit by dry jjn'inralionji of yeaul and 
ymffl juice. Yeast juiw; can be evaporated to 
dryness at 37*^ without loss of fermenting power 
as measured by the total fermentation produced. 
When the juice is brought into 10 voluini's of 
aoetono and rapidly drained, washed with ether, 
and dried, a white jiowder is obtained, which is 
almost completely soluble m dilute glycerol, and 
retains the fermenting power of tiic original 
juice. Dry preparations can also l>e obtained 
from yeast without an;^ previous grinding, either 
by dicing the yeast in air and then heating it to 
100** for 0 hours {hefanol) or by treating it twice | 
with a large volume of acetone (or alcohol and 
ether), washing with ether and drying. The 
material prepared in the latter way amounts to 
about 30 p.c. of the pressed yeast taken, and 
is known as acetone yeast, permanent yeast 
{Dauer-hefe) or zyniin, and is almost anhydrous, 
sterile, and quite incapable of growth, but 
readily produces alcoholic fermentation when 
brought into sugar solution. The general 
phenomena of fermentation by its moans are 
the same os are produced by ^east juice. Both 
the total fermentation and the rate of ferra^ta- 
taon are 4-6 times greater than would l>e 
obtained with the yeast Juice-prepared from the 
&une w^ht of yeast. 

The conditienu ofadion of ihe fermenting agpvt 
cMtoaaed ymM juice. The inveetigation of 
the mode of action of yeast juice on sugar has 
■iKmn t^t the ]ux>oeee is very complex. The 
OBcyme to aooompamod by another substance, 


termed the coenzyme, the presence ol whi<di to 
essetftial for the production of fermentation, 
and, moreover, the chemical change is not a 
simple decomposition of sugar, according to 
Gay-Lussac’s equation, but a complicated re¬ 
action in which a fait of ph<iBphoric acid takes 
part (Harden and Young, Proc. Roy. Soc. B. 
1900, 77, 405, 78, 309; 1JH)8, 80, 299; 1909, 
81,330; 1910, 82,321). 

The cof.mi/inc of yeast jnicc. When yeast 
juice *58 passed under pressure through a 
Martin filter, which consists of a Chamberland 
filtering candle impregnated with 7-10 p.c. 
gelatin, all the colloidiu matter of the juice is 
retained on the filter, whilst the dialysable 
subHtane(uj pass through, so that the constituents 
of tlio juice are divided into two parts. When 
these two portions, the residue and the filtrate, 
are separately incubated with sugar solution, it 
IS found that neither of them is capable of pro¬ 
ducing fermentation. When, however, the two 
solutions are mixed, fermentation proceeds at 
almost the same rate as with the original yeast 
juice (Harden and Young). Yeast juice, there¬ 
fore, contains a dialysable substance essential 
for the jimcosH of fermentation, and this is 
pnjvisionally termed the coenzyme or co- 
ferment. It is also prcsimt m zymin, from which 
it can be readily removed by simple washing 
with waU'i*, a perfectly inactive residue being 
left. 

Our pi-esent information with regard to the 
coimzyme may be summansod as follows: 

(1) It is thermostable, and is not destroyed 
when its solution is boiled. It is therefore 
present in 1-ho liquids obtained by boiling yeast 
juieo and filtering, by heating yeast at 100°, 
or by boiling zymin with water and filtering, 
and iH l>est prepared by one of those methods. 

(2) It is dialysable, and can be removed from 
yeast juice by dialysis against water (Buchner 
and Antoni, Zeitseh. physiol. Ohom. 1905, 46, 
136) as well os by the filtration methods alr^dy 
describeil. (3) It is destroyed by hydrolysis 
by acids or alkalis, and oven 1^ the continued 
boiling of its solution. (4) It is gradually 
destroyed in yeast juice, less rapidly in presence 
of sugar, by an enzyme, which appears to belong 
to the group of lipases, since the destruction 
proceeds more rapidly in the presence of the 
lipase of castor-oif seeds, but is not accelerated 
by trypsin (Buchner and Klatte, Biochem. 
Zeitseh. 1908, 8, 520). (5) It is not precipitated 
or destroyed by lead acetate, and can therefore 
be, to some extent, purified by means of this ♦ 
reagent (Harden and Young). It is precipitated 
by a large volume «f acetone or hlcobol along 
with tiio enzyme and also by colloidal ferrio 
hydroxide (Kosensclieck, Biochem. Zeitseh. 
1908, 16, 11). The coenzyme is* also present in 
animal tissues (Meyerhof, Zeitseh. physiol. 
Chem. low, lOl, 165; 102, 1). 

It was found by ('Mpenheimer (Zeitseh. 
physiol. Chem. 1916, 93, 236) that pyruvic acid 
and its salts, and to a smaller extent acetalde¬ 
hyde, exert^ a stimulating action on the 
fermentatioK of glucose by maceration juice, 
and Neuberg (Biochem. 2toit6ch. 1916, 71, 1 |l 
extended this observation to other a-ketmdo 
acids. Moredver, by adding a mixture ol a 
large number *of a-ketonio acids (aLong with » 
phosphate) to maceration juice inactivsted Iby 
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to the effect that a preliiniiisrv partial fermenta¬ 
tion of glucose (but not of fructose) by living 
yeast renders it more readily susceptible of 
enzymic esterification with phosphates. 

Caihoxylase. Ah mentioned above, yeast 
decomposes a-ketonio acids into carbon dioxide 
and the corresponding aldehyde 

RCOCOOH-RCHO + COa 

This reaction is brought about by all races of 
brewer’s yeast, and by wine ycaHis, anct has 
Ijocn traced to tlio preHcnce in th(«c of an 
enzyme ttirmod l)y N(Mil>erg carboxylase. From 
the cell this enzyme jiaHscs into ycost juice, so 
Uiat this also posHcsseK the pniperty of deconi- | 
]>osing O'ketonic acids. The Halts are also ; 
attacked, the carbonate or bicarbonate of the j 
motal being formed, and a certain amount of i 
the aldehyde undergoing condensation to in | 
active aldol under the influence of the alkaline 
carbonate. The enzyme is undoubtedly distinct 
from zymase, and is differently affecti^d by 
agents such as heat and antisoptics. Its action 
is, moreover, independent of the prcwencc of the 
eoenzyino of yeast juice (Jlardoii, liiochcin. J. 
iyi3, 7, 214 ; Neuls'rg and Rosenthal, Jiioebcin. 
Zeitsch. lffI3, 51, 125). 

The. pUii/ of cnzf/ntc.'i ni yeitst juice. Jt will 
bo seen from tiie foregoing that the number of 
faet-ors coiiceniod in fermentation by yeast 
juice is very large, and that the conditions are 
corrospomliiigly complex. In addition to the 
enzyme and eoenzyine, together forming the 
fennenting eomplex, the hydrolytic enzyme , 
hexosephosphatase, the free phosphate and the j 
sugar, and probalily the carboxylase, which ! 
are all directly mvolv(‘<l in fermentation, a, 
number of otlier agencii's are at work which i 
influenec the eourso of the reaction, {’liief ; 
among these arc' the hyilrolytic enzymes which ' 
cause the deatniction of the. enzyme and co- 
enzyrao resiiectively. The former of these is 
probably jiroti'oelastic and the latter lipoclastie, , 
and on the relative concentration of these and | 
of the enzyme and coenzymo themselves | 
depends the exact couise of events. During the I 
normal fermentation m presence of exceiiB of 
sugar, both the enzyme and coenzyme arc 
gr^ually being destroyed, and fermentation 
ceases as soon as either of these has completely 
disappeared. In juice from top yeast, it is 
found that the cessation of fermentation is due 
to the ^sappearance of the enzyme. Buchner 
and Klatto (Biochem. Zeitsch. 1908, 8, 520) 
iiave, however, found that in juice from bottom 
yfi9a>t the co(*nzyme disappears first, and that 
the fermentation can be restarted by the addi¬ 
tion of boiled yeast juice containing a fresh 
supply of coenzymo. The matter is even more 
complex than this, for boiled yeast juice has 
l>oen found to contain an antiprotoasc (analc^ous 
to the antitrjTJsin of blood serum) whiel^inhibits 
the action of the tryptwe of the yeast, and thus 
preserves the enzyme from destruction. The 
presence of ^s s^nt is partly responsible for 
the considerable increase in total fermentation 
produc'd^ by the addition of boiled }i^ast juice 
to fre^ yeast juice, the coenzyme and the 
pltosphato added at same time having also 
a share m the phenomenon. The hexose- 
phoaphato^ appears alwa^ to outlhst both the 
oncyt|» and ooensyme. The addition of sugar 


idone also exerts a protective action upon ^e 
enzymes of the juice, the power of producing 
fermentation being retained for a much lox^er 
time in presence than in absence of the su^r. 
All those phenomena of protection are probably 
to be referred to the formation of some sort of 
compound or association between the substances 
concerned in fermentation, which renders them 
less capable of reaction with other sulistanoss. 

The nature of the process of fermentation in 
the linng yeast cell. When the effects produced 
by yeast, juice and zymin arc compared with thwe 
due to living yeast, it is found that yeast juice 
ferments glucose at a rale whicli is only about 
^ of that given by the yeast from which it was 
propured, whilst zyiiiin yields a rate which 
is of that of yeast. In the presence of 
fructose and phosphate, the rate of fermentation 
of yeast juice may bo increased as ^much as 
20-fold, then amounting to about one-half the 
rate of that of living yeast, whilst that of zymin 
I may bo mercased to approximately the same 
i relative value. Assuming, as appears justified, 

’ tliat the proi'oss of fermentation is of the same 
I general cnaracier in yeast as m yeast juice, it 
follows t.hat yeast juieo contains a large fraction 
' of tlio feriiK'ntiiig comjilex present in yeast, but 
i differs from this mainly in the power of «c- 
gimoratiiig phosphate. Zymin appears to con¬ 
tain a Kornewhat smaller .proportion of the fer- 
' inenting complex, but has a much greater power 
1 of regenerating phosphate than yeast juice, 
j although still eonsiderably less than living 
yeaat. A similar effect to that whi<;h is pro- 
tluced by grinding yeast, treating it with acetone 
or drying and hcatiiig it, is also produced, but 
to a smaller degree, by treating it with tolucine 
(Harden), so that all these processes must result 
in some similar change which is rendered evident 
by the loss of the power of regenerating phos¬ 
phate from hexoscpliosphatc. Of the nature of 
tins change we are, at present, ignorant, but the 
facts strongly suggest that it is in some way due 
to the disorganisation of the cell. Another 
difference between yeast juice and yeast is that 
the latter does not respond, like yeast juice, to 
the addition of phosphate or of arsenate. TWs 
is in reality another consequence of the superior 
phosphate-producing power of the yeaat cell, 
whereby the opti^num amount of phosphate is 
constantly supplied. In pftsonco of a constant 
concentration of sugar, cocnzyine and phosphate, 
the rate of fermentation is approximately 
proportional to the concentration of the enzyme 
(Meverhof). 

In the light of what has been said, the 
j following scheme- of fermentation in the yeast 
I cell may be imagined. The sugar first diffuses 
j into the cell, and it has been shown by Slater 
! and Sands that the rate of diffusion is much 
I more than sufficient to supply the sugar neceir- 
; sary for fermentation, and is therefore not 
the controUing factor in the observed rate of 
fermcilfjation (Cheifi. Boc. Trans. 1910, 922). 
Inside the cell, the sugar, either as such or 
having undeigone some change such as con¬ 
version into the enoUo form (E. F. Arm¬ 
strong), combines with the fermenting complex, 
and IS thetrelw brought into relation with 
phosphate, protiaWy also combined with tho 
termenting complex. This association of fer¬ 
menting comptex, 8t^a^ and phosphate Him 
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breaks down wit^i liberation of the fermenting 
comidex;, accompanied either by the formation 
of carbon dioxide, alcohol, and hex(Me;^ho6pfaate, 
according to equation (1) previously given, or of 
the products of some intermediate stag© of this 
reaction. It is probably the rate of this de¬ 
composition which IS measured as the rate of 
fermentation. The hexosephosphato is rapidly 
hydrolysed and a supply of fresh phosphate thus 
provided, which, along with the hexoso formed ; 
at the same time, and a new quantity of sugar j 
supplied by diffusion, again enters into associa- j 
tion with the fermenting complex, and thus j 
continues the fermentation. j 

The results obtained by Slator with mannose • 
and the facts alicady related witli regard to j 
galactose, suggest the possibility tliat the whole [ 
mechanism, or at least some portion of it, may be j 
specific for each sugar, but definite evidence of | 
this has not yet been obtained. ; 

On the other hand, the facts that hoxosc- | 
phosphates arc not di^comjiosed or fermented, ; 
and that }>hosphal(w are only very imperfectly | 
ostorifiod by living yeast, have led Neulicrg I 
(Bioehem. J^eil^ch. liU7, 83, 244) to the con- I 
elusion tliat the processe-s which occur in yeast | 
juice do not represent the normal course of ' 
ovcttts in the uninjured yeast cell. _ i 

The chemical changes involved in alcoholic 
formentation. Many theorifw have licen ad¬ 
vanced os to the 8tagr« which may bo supposed 
to intervene between glucose and the final 
products of its decomposition—alcohol and 
carbon dioxide. Bacyer, in 1870, pointed out 
that the alternate removal and readdition of the 
elements of water might lead to an accumulation 
of oxygen on coi'tam of the carbon atoms, and 
thus render the rupture of the carbon chain 
possible. Wohl has proposed a modificatjon of 
this idea, which leads to the supjiosition that loss 
of water and intramolecular change result m the 
formation of a kctoaldehydc which uiidorgoes 
liydrolysis to methylglyoxal and glyccraldc* 
hyde ; the latter of which, by a similar scricH of 
changes, also forms methylglyoxal CHa'CO'CHO. 
This then passes into lactic acid, and this into 
carbon dioxide and alcohol. This theory re¬ 
ceived a certain amount of experimental support 
from the fact that small quantities of lactic 
acid appear to be fermented by yeast juice 
(Buchner and Meisenllbimer). The idea of the 
occurrence of lactic EWiid as a true intermediate 
product of alcoholic fermentation has, however, 
now been abandoned, largely owing to the 
criticisms of Slator, who pointed out that this 
substance should bo fermented at least as 
quickly as glucose, and that this is not the 
case. The same criticism is valid against many 
of the 3-carbon compounds which have bwn 
proposed as intermemate products, including 
glyceraldehyde and dihydroxyacetone, both of 
which are slowly attacked by yeast, whilst 
dihydroxyacetone is a^o readily lermented by 
yeast juice prepared by moceAtion (Lebedsir). 

Hi® pyruvw Mid theory of fermentation. 
The univenial presence of carboxylase in yeasts 
capable of producing alcoholic fermentation 
creates a strong presumption that the decom¬ 
position of pyruvic acid actually forms a stage 
m the alcohedio fermentation of si^are. To© 
fact that the ev<dution of carbon dioxide from 
pyntvio amd oomi&esioea instantly, whereas 


there is a considerable delay in the case of 
glucose (Neubeig and Roeenthal, Bioehem. 
zieitech. 1013, 51, 128) is interpret to mean 
that the glucose undeigoee a preliminary change 
which requires some time and results in the 
formation of pyruvic acid capable of immediate 
decomposition. Other explanations of this 
delay, which is by no means invariable, can, 
however, bo given. A number of observations 
have also been made by Euler and his school 
wliich*havo led him to tho same conclusion, 
tliat some intermediate product is formed ^foro 
the production of alcoliol and carbon dioxide. 

rynivic acid has actually been isolated by 
Kembach and Schoen (Compt. rend. 1913, 157, 
1478) from the products formed by tho alcoholic 
formentation of sugar in the presence of chalk ; 
but Kerb (Bor. 1919, 52, B, 1796), using pure 
cultures of yeast, was unable to confirm this 
observation. 

Tho pyruvic acid theory of alcoholic fer* 
mentation (Noubauer and Fromherz, Zeitsch. 
physiol. Chem. 1911, 70, 326; Nouberg and 
kerb, Zeitsch. Garungsphysiol. 1912, 1, 114; 
Kostyt^hev, Zeitsch. physiol. Ohem. 1912, 79, 
130) involves throe stages, exemplified by 
tho following equations ;— 

(i) GeH,.,0«-2(^H3 C0 t;()0H+4[H1; 

(ii) 2CH3‘CO C()0H=2(mg-0HO4*2CO3; ^ 

(iii) 2(jH3 0HO-f4H=2CH3CH3*OH 


; Tlic products of decomposition of pyruvic 
i acid by yeast bcir^ carbon dioxide and acetolde- 
j hyde, tho production of alcohol from glucose 
! by way of pyruvic acid must involve a process 
of reduction. That yeast possesses powerful 
' reducing properties has loi^ been known 
i (philothioii of Rey.J^ailhade). These ore sliared 
, by yeast juice and the other active preparations 
I obtained from yeast, all of which are capable 
j of reducing many aldehydes to alcohols and 
• various colouring matters to their leuco- 
' comjiounds, and arc therefore supposed to 
! contain a reducing enzyme or redwuMe. The 
I intervention of this reducing enzyme of yeast in 
1 akioholic formentation was suggested in 1904 
i by Griiss (Zeitsch. gos. Brauweson, 1904, 27* 
689), and has since been suppo^d by manv 
workers, notably Pallodin (Zeitsch. physioL 
Chem. 1908, 56. 81), Kostytshev (numerous 
papers in Zeitsch. physiol. Chem. from 1912), 
and Lvov (1913). the attempts mad© by 
these investigators to show that in presence of 
I reducible substances the fermentation of cluoow 
I was modified (Lvov; Kostytshev), or that the 
i presence of glucose interfered with the reduction 
' of other substances, were not condusiyo. 

' Ncuberc, however (fti a series of papers sum¬ 
marized in Ber. 1919, 62 B, 1677), has ^own 
that in tho presence of substances capable of 
(combining with acetaldehyde the courae of tee 
‘ fermentation is profoundly modifi^ i*^iTJ** 
purpose hb employed ncamal sodium smpnite, 
which reacts with acetaldehyde according to 
the equation 

In the presence of this salt, uJ^der the 
favoureme conditions, only about 30 p« 
of the sugar ufhdergoes the nonnal fommutatiM, 
whilst the remaining 70 per cent, yields ^Mtelde> 
hyde, glycerol and carbon dioxide according to 
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the equation C,H,jO,=C,HjO+C'jH,Oa+CO„ 
or, including the eulphito, 

C,H,,0,+Na,S0a+H,0 

=C,H,Oa+CaH,O.NaHSOa+N»HCOa 
The sulphite is best added after tiie fermentation 
httts commenced, from JW-150 grams being used 
for 100 grams cane-sugar dissolved in 1-2’5 litres 
of water, and about 10-20 grams of yeast. 
Moiwulaf proportions of acetaldehyde and 
glycerol aro produced throughout the wliole 
courso of tl»c formental’Jon, and the* yield, 
referred to sugar, inereases with tlu* concentra¬ 
tion of sulphite. Insolul)lo sulphites (da, Zn, 
Mg) can 1 k> us(m 1 if th(' mixture is well ogjtaled, 
and the proce.ss can also lie larricd out in 
faintly acid solution in the jiresimcc of acid 
potassium phos^ifaate. 

An enhanced produ(li(»n t»f acetahlehydi' 
and glycerol liad ])rcv}ously Imhui observed by 
NeulxTg and Farlier (fbochem. /cul.scli. 1017, 
78, 238), botii witli living yeast «n<l maceration 
juice in presimec of a number of alkaline salts, 
but the acetaldehyde found was not clicmically 
equivalent to tin- glycfiol. Under these 
cirmunstances. howi'vei, i( has now Is'cn found 
that t.lu* aci'tahlchyiU' umU'igries a Cannizzaro 
r(“action, yiehling alcoliol and acetic a<i«l. so 
that the feriiu'iitation in prewncci of alkalis 
proceeds as follows :— 

| 2 CO,) 2 ('.H.() 

2(;;,11,(1;, 12(H),-K;,ii,()f(;,H,(), 

One molecule of acid ii- acid is thus produci'd 
for every two moh'cuh's of glycerol. The yield 
of glycerol obtained m this way is not so high 
as m the presence of sulohite, amounting in tile 
presence of sodium lucarlMmale to about 35 per 
cent, of the theoretical (Neuberg and Hirseh, 
Biochom. Zeitscli. 11)111, 100, 304). Neulx'rg 
explains tlie msults obteined. on the general 
lines of tlic. pyruvic ai-id theory, by sutniosing 
that the sulpnite eomhint^s with the a{!etRiaeliyde 
and thus preventN its reduction to alcohol, the 
glycerol wdiig formed by the action of the 
liydrogen thus rendered available on the 
precursor of pyruvic acid, which he assumes to 
be mothylglyoxal. According to NculK'rg and 
Kerb (Biochem. Zeitscli. 1013, 58, 158), the 
normal course of fc'rmentation takes place 
according to the following equations :— 

(1) }!«(), 

(niothylglyoxal-aldol) 
=-2CH,:C(OH) CH() or 2CH3 CU (M)()H 
(methylgloxal). 

(2) CH,:qOH)-CHO-|-HjO H, 

+ II 

• CH,:0(OH)CHO * O 

CH,(0H) CH( 0 H)*UU 3 - 0 H (glycerol). 

CHj'tXXlOOH (pyruvic acid). 

(3) CH,’CO CX)OH=CUa‘^HO+CO, 

(4) CHj<X)-CHO 0 CHaCOCOOH 

+ li — + 

CHs-CHO H, CHaCHa-OH 

In the presence; of sulphite or of alkalis a 
certain proportion of the aldehydg produced 

C '3) is withdrawn from the system so that 
tion (4) is greatly diminished in rate and 
tiio end-produote (xmlinn a large j^roportion of 
aoeUddcl^de and glyom^l, tlm tatter formed 
•eeording to ^nation (2). 'Wo, Outwit 


(Biochem. Zeitsoh. 1919, 100, 279; «ee aUo 
Neuberg, tbid. 289) has point^ out th&t the 
enhanced production of acetaldehyde would 
naturally fmlow on the removal of this substance 
from the sphere of action, the eqmlibrrum 
being in this way constantly disturbed, so that 
this fact cannot in itself be regarded as a strict 
proof of the theory that pyruvic acid is an 
mtermediate product in the normal courae of 
fermentation. In view of the fact that in the 
modiOed fermentation, the acetaldehyde is 
produced at. ajiproximately tlie same rate as 
I alcohol HI the normal fermentation there can 
j be little doubt that Neuberg's explanation is 
I m thi.s particular corri'ct 
i No delinite c.vperiiniuital evidence of the 
j part icipatnm of inethylglyoxa! in the process 
I of fermentation has yet Ix'cn obtalnwl, and it 
I IS still doubtful whetlier NeubiTg’s equations 
; reiiri'Scnt the actual mechanism of thffermenta- 
, tion. It is possible tJuit m the deoomTiosition of 
I gluco.‘i(r by way of pyruvic acid into alcohol and 
j carbon dioxide, citiuT lli(‘ r(>duca»^ combines 
; with hydrogen and passes it. on to the aldehyde 
j or, alternatively, and more probably, tliat in 
i presenci' of t.lie nnluciug enzymi! water is de- 
i composed, Ihi- oxygen converting glucose, or 
i some uitisnncdiat^- jnoduct obtained from it, 

I into })ynivi(; acid, wliilst^the hydrogen reduces 
1 the al<l(5}iy(l<‘ to alcohol as in Neuberg's equation 
I (4). Tins roaction would be continuous as 
j soon as a siijiply of. aldehyde had been accumu- 
j lated, but would not commence except in the 
pn^sence of some aeceploj’ for flu; hydrogen. 

Much fuiiher evidence is lequired before any 
satisfactory i-onclusioii can be arrived at with 
regard to this subject, and* the facts must 
(certainly be taken into account that two mole¬ 
cules of sugar arc involved in the reaction, and 
that tlie })i'oduet8 include hexosephosphate as 
well as alcohol and carbon dioxide, 
j Practically the possibility of producing a 
i largo proportion of glycerol from sugar by 
j fermentation in presence of sulphite has been 
; made the basis of a process of manufacture of 
j this substance (the l*rotoi process), which has 
I l>con worked on sm-h a sciue as to produce a 
: million kilos, of glycerol per month in a yield 
j of 20-25 per cent, of the sugar employed 
(Connstein and Ludecke, Bcr. 1919, 62, B, 13»6). 

Fkumentations moDUCED BY Bactebia. 

Bacteria ore capable of bringing about many 
fermentations which are strictly analogous to the 
! fermentation of the sugars byyoast. Many species 
1 of bacteria are, however, much lees resected 
I in their power of action, and decompose not only 
i the siiiipo hexoses and complex saccharides, but 
; also the glucosidea, the lower sugars, ospeci^ly 
I the pentosoe and the corresponding aloohoU 
including glycerol, as well as many oiganio acids. 
In addition to this, they also act upon nitro* 
genous compounds, and effect many oxida¬ 
tions and reductions. The chemical ohangee 
involved are of the most varied kind, rad al¬ 
though they are in all probability brought about 
by enzymee, it is only in comparativdy sunjde 
eases that the enzyme has bqen separated froBi 
the cell. In some cases, however, the enzymes 
pass into the surrounding medium, this being 
frequently the case with tb« various dige^va 
onsymes, and poeuUv vfth ^ks lueaee 
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brin^ about the hydrolysis of urea into am* 
momum carbonate and water. 

Interesting uid ii^portant attempts have 
been made by Buchner to prepare extracts con- 
twn^ jwtive enzymes from the bacteria of the 
lactic acid and acetic acid fermentations, by a 
process similar to that employed for yeast, but 
in both casts without success. He was able, 
however, to demonstrate the existence of such 
an enzyme in the coll by treating th(» organism 
with acetone, and showing that the dead and 
sterile material whs still capable of converting 
su^ar into lactic acid in the one caJic, and of 
oxidising aJcohul to acetic acid in the other. 
Similar results have been obtained with a 
number of other ba<;teria. 

Although the qualitative chai’actcristics (tf 
the action of bacteria on many substances arc 
well known and are largely ukcmI for purposes of 
identificafion and dilTci-cntiation, comparatively 
little strictly quantitative work on Ibo subject 
has been done, in which all the products derived 
from a known weight of a material haves been 
estimated, and hence our knowledge of the 
chemistry of bacterial action remains a cry im- 
piirfoct. Among thii pioneers in this branch ot 
the subject must be ro(;kou<'d (wlio, how¬ 
ever. often employed mixed cultures) and f*. 
P. Prankland. 'I’li# employment of mixed 
cultures is not entirely without justilication, 
since many of the changes produced m nature 
by bacteria, such as putrefaction, arc brought 
about by tije combined or successive action of 
diflferent organisms, some of which make use of 
the products of decomposition fomed by others. 

The chief types of fermentation produced by 
bacteria may bo elassilied in much the Haiii'c 
manner as those duo to enzyme action, under 
the hca^ls of (I) hydrolysis; (2) decomposition 
involving the nfpture of a carbon chain ; (3) 
oxidation ; (4) reduction and deoxidation. 

1. PKRMKNTATIONS DY HyDUOLYSIS, 

A large number of bacteria contain en¬ 
zymes, wnich enable them to bring about pro¬ 
cesses of hydrolysis, whether of proteins or 
carboliydrates, and in some cusoh these are 
soluble and pass into the medium. 

(a) Liquefaction of gelatin, rroteoolastic 
enzymes capable of liquefying gelatin are al¬ 
most COTtainly present in all l^toria, but they 
are only excreted by certain organisms, and 
tberefore afford a differential test often em¬ 
ployed as an aid in identification. For this 
imi^osc, the organism is grown on nutrient 
gelatin, and note is taken as to whether the 
gelatin becomes b<|uefied. Prominent aqjong the 
oigonuims which liquefy gelatin in this way are 
^ B. ^uorescenff liqu^acie^is (Plu^o), J3. mugariti 
(Ldun. and Noum.), &c., wliil^ the intestinal 
organums of the B. ccli group are ncoi-liquefiers. 
The hquefaction of gelatin is the first step in the 
hydKlysis pf this substance, and is often followed 
by a more deep-seated Composition ^ the 
resulting simmer compounds, which is discussed 
later on un^r the heading of PtUr^action. 
8od» organisms only Ining about the lique- 
^ot^on <3 gdatia when grown in air, but do 
not liquefy m it an atmosphere trf hydrogen 
nitrogen, alHtough growth takes place. 

_ Wbolifli of p^vMnbarUflf ud ^loo* 

V -mm* eeenu probabie that most bacteria 


i^mble yeasts in the fact that, when brought 
into cont^t with polysaooharid^ they do imt 
ferment them directly, but first hydrol 3 ^ them 
and then ferment the resulting simple sugars; 
and the same thing is true of the gluoosides. In 
most cases no strict proof of this has boon 
brought, but in some the hydrolysis has been 
actually demonstrated. Thus !]^rtrand and 
Weisweiller (Ann. Inst. Pasteur, 1900, 20, 977) 
found that the B. bvlgariciut (Grig.) hydrolysed 
milk tugar before producing lactic acid from it, 
and were able to prove tlio existence of glucose 
and galactose in the partially fermented solu¬ 
tion. The tlctermination of the fermentability 
or noii-fermontability of the di- and tri-soochar- 
i<lca, starch, dextrin, imilin, and many gluco- 
sides, is now largidy employoi^or the identifica¬ 
tion of bacteria, especially i^o of the B. colt 
group and the Slrc-ploc-occi. It follows from 
the foregoing that what is being tested for in 
such cases is most jirobably the pri^ence or 
absenco of the ferment niquisite for the hydro¬ 
lysis ill questeoii. c.(f. invertase by cane sugar, 
maltaac by malt()s(\ lactase by lactose, /?• 
glueosidase by many glueoHidca, such as saligcnin, 
amygdalm, Ac. 

The presence of the hydrolytic ferment is 
rendered evident by the aubsixjuent fermenta¬ 
tion of the iTsulting simple sugars, &c., with 
pnxluetion of acid or evolution of gas or both. 
Th() eflicacy of the test, therefore, depends on 
the ability of the organism to ferment at least 
one of the products of tlio hydrolysis. 

(£) The ammoniacal fermentation of urea. 
The waste nitrogen of tlio animal body is 
excreted in tho urine, chiefly m the form of 
urea () 0 (NH 2 ) 2 . uric acid (V" 4 ^aN 4 . aUantoin 
(' 4 ria 03 N 4 , and hippuric acid * 

CaH^CONHCHs-COOH 
In the urine of man, about 30 grams of urea are 
passed per diem, along with 07 gram of uric Mid, 
and very small amounts of hippuric acid ; whilst 
the urine of graminivorous animals contains 
comparatively large amounts of urea and 
hippuric acid (Liebig, 1829), the urine of a cow 
containing 18 grams of urea and 10 of hippuric 
acid per litre. On the other hand, the mteo- 
gonous waste of birds and snakes is excreted 
almost entirely in the form of uric acid. The 
conversion of tho nitrogen of these substances 
in the soil ba(!k into ammonia, which is then 
rendered available for plants by nitrifying 
organisms, is of vast importance, as it is in this 
way that tho nitrogen lialancc of the soil is 
maintained, practic^y the whole nitrogen of 
natural manures being present in those forms. 

When urine, wBich is normally sterile 
acid in reaction, is exposed tss air, it becomes 
alkaline, the urea being converted into am¬ 
monium carbonate: 

CO(NH,)j+‘2H4O=(NH4),0O8 

This change was observed at a very eariy 
date, and was ascribed by Liebig, in aceorda&oe 
with his theory of fermentation, to the presenoe 
of decomposing mucus from tho bladder. About 
1860, howver, it was (wtablished by pHiteur 
(Oompt. rend. 1H60, 60, 849), bis pupl, van 
Tieghem {ibid. 1861, 62, 2)0; 1864, 68. 
and Muller (9. pr. Chem. 1860, dl^ 4S2,% tM 
dBoompoeitioti was produced by a miorOGOOCWi 
whi<^ was termed Torvk (mmooioeak hgr 



156 


FERMENTAfI01^. 


Futetirt and later Micrococcutt arecB by Cohn. 
It haa since been found, as the result of numerous 
rosearchos by Fluggo, Hor®us, Warin|^n, 
Leube^ Beycrinck, aim (‘spcseially Miquel (litera¬ 
ture quoted in nrticlo by Miquel in Lafar, 
Technische Mykologic, iii. 71), that a large 
num^r of organisinB have the power of pro¬ 
ducing this change. More than thirty varieties 
have ooen descriiM^d by Mi<iu(‘l alone, who has 
also found that those organmtns occur freely in 
water, air, and soil, the cocci being about*i-wice 
as frequent as the ba<5ilU, whilst 1-2 p.e. of the 
organisms of tins Paris water, air, and cultivaUsd 
soil belong to this class. Th(5 most (diaractoristic 
and commonly occurring c(»ccuh is that origiii&Ily 
discovered by J'asteur, now known as f'rococc//^ 
mn Ticghemi (M^ucl), which is a small diplo- 
coccus, and grows well on ordinary media, not 
liquefying gelatin, in priwnee of urea, the 
growth on solid media Im'cohu'h surioundcd iiy 
dumb-boll-shapc<i crystals, winch are insoluble 
in water, aiul consist of the phosphates an<l 
carlionatm of calcium, prccipitateil fnnn the 
medium by the ammonia jiroducod. I’liis is a 
very charactorwtu’ jihenomcnon, and rtmders it 
oa^iy to detect not only this organism but any 
urea ferment among a numln'r of organisms 
which do not attach urea. 'J’he organism readily 
docompoBi's as nuicli as 4- 4*5 p.e. of urea in the 
medium, hut is very susw'ptiblc to antiseptics. 

'I’ho most energetic (Iccoinjiosition of urea is , 
brought about Iiy the UralmriUntt PaaU'Hrii ! 
(Miquel) isolated from sewage. 'Phis is a motile, | 
Mporing bacillus, wliieh gr(*ws well in alkaline 
broth, which it renders viscid and ropy. It fer¬ 
ments comjiletcly as much as 13 p.e. of imui in the 
medium, and has been observed to decompose 
3'3 grfcnm of urt^a ]>er hour jicr litre ol culture. 

As early os 187ti, Musculus (Poiujit. ixmd. 
1874. 78, 132; 187t>, 83. 333) found that the 
slimy urine of patients suffering from cystitis, 
and probably infeided by the foregiiing uro- 
bocillus, contained a soluble ferment which 
could bo precipitatiKl by alcohol and was cajiablc 
of converting urea into ammonium carbonate in 
the absence of bacteria. I’astcur and Joubert, 
on the other hand, maintained that this action 
was due to the ]>resence of an oi^anism ((*ompt. 
rend. 1876, 83, 1). 

The question of the existence and properties 
of this enayme has been studied by many in- 
vostigatdrs (Leube. T^a, Boyerinck, Miquel, 
Moll) with somewhat discrepant results, ascribed 
by some to the unstable character of the enzyme. 
It oim hardly, liowevor, bo considered as deti- 
nitely proved that the enzyme has been obtained 
.ffes from bacteria. Acccutling to Miquel, 
it can readily bo obtained in solution by 
inoQulatiiig alkalfne beef broth containing urea 
with one of the urea-fermenting organisms, 
and, after some time, hltoring through a biscuit 
porcelain candle. The liquid is then sterile and 
qftpabie of decomposing as much as 100-120 
grams of urea litre per hour at 48'^. Its 
activity is gieatly increased by cane sugar and 
glyoerol, cmd is very readily inhibited by anti¬ 
septics. It may be precipitated by thb addition 

2 volumes of alcohol. Musculus employed a 
turmerio paper moistened with a solution of the 
MUyme as a test for urea, tilie libera^ ammoma 
producing* a brown colour, and Miquel has 
proposed the use ol solations the ensymo for 


the quantitative estimation of urea as ammonia. 
On the other hand, bacteria isolated from the 
root tubercles of the soya bean, which have a 
well-marked power of hydrolysing urea, do not 
yield an active filtrate (Jacoby, Biochem. 2ieitsoh. 
1016, 74, 109). A very powerful urease exists 
in the soya bean and many other seeds (p. 140). 

! id) The fermentation of uric acid. Uric acid 
j readily undergoes a combined bacterial oxida¬ 
tion and hydrolysis, but little is known as to 
the nature of the bacteria which produce the 
cliange (Scstini, (lazz. chim. ital. 1889 ; G6rard, 
(^onipt. rend. 1896, 122, 1019; 123, 186; 
Uljiiani, Atti Lincei, 11K)3, 12, 236). It seems 
probable that urea is first produced and then 
further hydrolysed: 

U5H4O:;N4-h2H3O + 3O---20(>(NH^)2-f3COje 

(c) The fermentation of hippuric acid. Van 
'rieghciu (Oompt. rend. 1864, 68, 210) showed 
liiat the Bamc micrococcus which fermented 
urea also effeetted the hydrolysis of hippuric acid 
into benzoic’ acid and aminoaee‘tic acid, into 
which it is also converted hy acids: 

(;«ir,C()-Nricii,-<i()()fH h.,() 

~C'JIi. COOlI-j NH, CH, (jOOH 

It has since b«“on found that more than one 
of the urea-fcrmcntiiig organisms produce this 
change (Rattono and Vdenta, Arch. Scienz. 
m(“dicho, 1886, 10, 311). In the soil, the amino- 
acetic acid then probably undergoes one of the 
<*liaraoteri8tic changes Jescribed under Putre- 
faction^ its lutrogen being liberated as ammonia. 

2. FERMlfiNTATlONS BY 1)BC0M1M)SITI0N ACCOM- 

BANIKD BY THE KUPTUEE OF A CaRBON 

Chain. 

Tlui chief chemical characteristic of this form 
of fermentation is that it involves the rupture of 
the carbon chain of the fermetitable suratance, 
the products lieing, as a rule, substances con¬ 
taining a smaller number of carbon atoms than 
the original compound. In many cases, how¬ 
ever, a secondary synthesis occurs, and com¬ 
pounds are then found among the products con¬ 
taining more carbon atoms in the molecule than 
the original substanee, the best known example 
of this Ming the production of butyric acid from 
glycerol. 

As reg;ards the nature of the changes pro¬ 
duced, the same intramolecular oxidation ami 
reduction is .observed as characterise the 
alcoholic fermentation of sugar. Carbon dioxide 
is very frequently evolved, and tlus is often 
accompanied by free hydrogen, less frequently 
by marsh gas. The hydrogen thus formed is 
capable of bringing about the reduction of many 
substances such as nitrates, amino-acids, Ac., 
which may be present in the medium, and thus 
modifyit^ the result. In many oases in which 
no gas is evolved, formic acid Is produced in 
considerable quantity, and this substance U 
sometimes found ^ in comparatively small 
amount, even when carbon dioxide and free 
hydrogen have been evolved. The production 
of etliyl alcohol is also a feature m common 
occurrence, and methyl, pitipyl, Mopropyl and 
n-butyl alcohols have aU ne^ observed as wdl 
as aoetoiw, acetylmethyloarl^dl, uid butylmie- 
glvcoi. Amcmg the otbes* ^oduots, laorio add, 
hrmob has the same empincal formu^ as ghi- 
cose, is one of the most ^sqneiit. In some oases. 
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the conveTBion of a sugar into lactic acid is 
almost quantitative, whtbit in otlwis this acid 
forms only a small pro^rtion of the whole 
product. Acetic acid, which also has the same 
empirical formula as glucose, is also a common 
product, and is sometimes accompanied by 
propionic and other of the fatty acids. (Charac¬ 
teristic of one type of fermentation is the pro¬ 
duction of butyric acid, accompanied by more 
or less butyl alcohol. An almost invariable, 
product of tho bacterial fermentation of sugars 
and alcohols is sucoinie acid, probably in part 
derived, as in alcoholic fermentation, from the 
decomposition of amino-acids. 

Although bacteria are mucli less specific in 
their power of fermentation than tl»o y(‘asts, 
they nevertheless display great sensitiveness to 
small changes in chemical composition and con¬ 
figuration. Thus many organisms ore known 
which attack maimitol, but not tho storeoiso- 
meric dulcitol, and similar relations are not 
uncommon. 

Since a single species of bacterium may 
attack a very large number of difTorent com¬ 
pounds, and the same compound may bo decom¬ 
posed in several distinct ways by different 
organisms, no very satisfactory classification of 
these fermentiitionR can be* efTecled, and tlioy 
are best grouped according to the most charac¬ 
teristic of tlic proihicts. 

They will Ixi briefly summarised licro under 
the billowing heads :— 

(o) The true lactic fermentation. In this 
decomposition, lactic acid is almost the solo 
product, the change proew'ding practically in 
accordance with the equation : 

The spontaneous souring and clotting of 
milk have long been known to be due to tho pro¬ 
duction of lactic acid, which causes the precipita¬ 
tion of tho caaeinogen. The proctiss waa at 
first ascribed to tho action of the caaeinogen 
itself, which was regarded as an enzyme (Bou- 
tron; Charlard and Fremy). The souring of 
milk, oven after it had Ixion heated and pro¬ 
tect^ from the access of air-bome gci-ms (duo 
to tho presence of sporing bacilli), played a part 
of some importance in the history of the develop¬ 
ment of tne theory of fermentation, and was 
cited by the supporters of Liebig’s view, that 
fermentation was not due to living organisms 
(Gerhardt). The existence of a lactic acid 
producing organism was first definitely estab¬ 
lished by Pasteur {Compt. rend. 1867, 45, 813 ; 
1858,47,224; Ann. Chim. Phye. 1858, f3] 52,404), 
and was confirmed by Lister, in 1877, who suc¬ 
ceeded in preparing a pure culture of an organwm 
capable of souring milk by diluting soured milk 
to such an extent that a drop only contained a 
single bTganism, adding a single drop of this to 
stenle milk, and repeatii^ the process several 
times. Since then the question has been the 
subject of an enormous number of investig#ions 
on account of its technical importanoe (eee 
Lafar, Tecbnische Mykologie, vol. 2; Henne- 
berg, G&rongsbakteriologisches Praktikum, Ber¬ 
lin, 1909; Oria-Jensen, *^6 Lactic Acid Bacteria, 
Gopenha§^ 1919), and only a few of the most 
mtereiting.reealt8 can be mentioned here. 

It has been found that all liquids containing 
sao^iarine matter are liable to become sour, 
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owing to the production of lactic acid, wl^ 
they are exposed to the air, The orgamams 
capable of producing this change are extremely 
numerous, and the nature of the flora developed 
in any particular case depends on the kind 
sugar present and tho character of the nitro¬ 
genous nutriment available. Thus the lactic 
acid organism of milk is capable of formentim; 
milk sugar, whilst that of ocer cannot attack 
this 8ul)8tanco. The chief lactic acid organisms 
have*been isolated from milk, beer, distiller’s 
mash, baker's yoost, dough, sauerkraut, and 
similar materials, 'riicy aro all non-motilo, and 
do not form spores. 

Lactic acid is manufactured by tho action of 
a bacillus on various saccharine solutions pre- 
parwl from bark'y, maize, ^taioes, &c., the 
starcli being first hydrolysedPby acid or malt, 
and the fermentation carried on in the presence 
of clialk. The organism chiefly employed for 
this puriiose is tho IS. iJeWrilck-i (LoioWann) 
identical with tin* B. longimhn,v 9 (Lafar), which 
forms long cells (3-7/*) and grows well at 46°-47° 
m unhopped wort, distiiler's mash, and yeast 
water, but not in milk or beer. It converts 
glucose, cane sugar, and maltose into lactic acid, 
and produces neither volatde acids nor alcohol, 
This bacillus also occurs in tlie unstorilised mash 
employed by distillers, where it is allowed to 
grow in ordi'r to render tho liquid sufficiently 
acid to prevent suliscquent infection by harmful 
bacteria during the fermentation by yeast. 

A second important organism of this class is 
the SaccharobadlhLs ■unslorianue (van Laer), 
wliich frequently invades beer wort and renders 
tho beer sour. A closely allied variety is em¬ 
ployed in the manufacture of the Berfin white 
rwer to impart a certain desired degree of acidity. 
'J'his organism, however, produces small 
amounts of alcohol, acetic acid, and formic acid. 
It forms long cells often united to tangled threads. 

The souring of milk is a very complex 
phenomenon, in which many bacteria belonging 
to different types take part, the predomimuit 
organism varying with the temperature at which 
tho milk is preserved. Tho moat commonly 
occurring organism appears to be the Stre.'pio- 
COCCU8 Itichcus (Kruse), formerly known as 
Bact. Oilvthcri (Lehmann and Neumann), B. 
lactifi acidi (Kruse), B. acidi paralactici (Kosai). 
This organism, of which there appear to be many 
races or varieties, forma round or oVal celk, 
grows very feebly on nutrient gelatin, and is 
positive to Gram’s staining reaction. It con¬ 
verts glucose almost completely into dnlaetio 
acid, traces of volatile a(uds being also formedb 
Thus Weigmann (Jahrsb. Molk. Kiel, 1899-^1*,^ 
25; 1891-92, 24), and liCichmann (Milchzeit. 
1896, 25, 67) have found that ih milk the l^ic 
acid produced amounts to 89-98 p.c. of tiiat 
calculated for the qpmpicto convemion of the 
milk sugar fermented into this substance. 

Another oi^anism, which hw attained % 
certain d^reo of notoriety from ite use for the 
preparation of sour milk as an article of diet, 
was found by Massol in Yewhurt, a sour milk 
used as fcixi in Bulgaria. It is known as S, 
hulgaricus (Grigoroff), and fonns long celfa 
which grow feebly on agar, forming tangled 
masses of d^cate threads. Its aotiim on mffk 
has been veir thoroughly investigated 
Bertrand and Weiswciller (Ann. Inst. Pasteur,. 
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1906, 20, 977). It practically no action on 
the fat, and only hydrolyHcn a very Bmall propor¬ 
tion of the caecino^cn. On the other hand, it 
hydrolyBCH the milk aliiKwt completely, 

and formentH the rcmiltiiif^ galacto.'ic and glu- 
coBe, forininji hn tic acid, (containing an cxccsh 
of the (/-acid, and amounting to about 92 j).c. 
of the hexoses fermented, about 2 p.c. each of 
acetic and Huecinic a(;idH, lrac(« of fonniic acid, 
and no alcohol. 

The Jl acidi hictki of llu('ppe, whicli Va« at 
one time thought to he tlu* chief (jrganiHin con- 
(ternod in the Houritig of niiJk, in not of kucIi 
common oc(5urrc.nce aw woh formerly iK-hcvcd, 
and iH more closidy n-luted to the following gr(>iip 
of organisiuB than to the true lactic acid bacilli 
(b) The mo^ed lactic fermentation, in 
which lactic ucin iw alwayH a<reomj>anicd by a 
considerable pro]M>rtioii of other suhntancc^. 

Under this lasad may he cluHHcd, along with 
'otherH. the changcH produced in carhohydratcH 
and alcoholH by the v(‘.iy variiMl and comjilcx 
group of ini(wtiiial bacteria, of which B. roll 
comwiiniti, ]i. iypbi, Aic., aie well - known 
reprcfientativcB. This grouj) of organiBiim Iiuh 
received a very large amount of attention from 
bacteriologiHts foi- Hoveral n^asonfl. In the lii-st 
place, the grou]) inclndoH a largo number of 
pathogenic organiHins, the detection of whicli i.s 
of the'utmoHt im])ortanoo. Jn the Hccoiid jdace, 
owing to the univemal and abundant oceun-ciice 
of‘/f. cd.i arnmnniH and allied organisms in tlic 
intestine, from which they \nm into Howage, 
111 © prcHcnce of tliesc organisms m water m- j 
• teiid(«l for consumptum is n'garded as a sign i 
of pollution by 8ewag(% and tlie examination : 
for the presence of such organisms is jiart 
of the routine of a bacteriological examination 
of water. For these reaeons, the chemical 
bacteriology of this group has been closely 
studied, especially on its qualitative side. 
Tlicso organisms possess the common charao- 
teristio of growing well at 37" -40°, aerobically 
in pi'escnco of bile salte {the sodium salte of 
tfturocholie and glycocliolic acids), and are thus 
difforentiatod froin a great number of the 
commoner oi^anisms <if air. water, and soil, th(' 
growth of which is inhibited by these salts. In 
addition to this, they di'comnose glucose with 
production of acid, or acid and gas. J lie 
further chemical differimtiation of tluw organ- 
isras depends on their lichaviour to the various 
simple sugars and alcohols, such as the pentoses, 
hezosee, inothyUieiitoseH, glycerol, j^cntitols, 
and hexitols aini to the complex saccharides 
and glucosidofr, to wliich reference has already 
been made. • , . , i 

They are all non-aporing bacilli, which either | 


do not liquefy gelatin at all or do so very ^owly, 
are facultative anaerobes, and are negative to 
Gram’s staining test. 

I'iiey ean !x' distinguished independently of 
their chemical action by their physiological 
effectH, notably by the agglutination test of 
Widal, 'rhis depends on the fact that each 
! species, and even variety, of organism, when 
j injected into a living animal, gives rise, in the 
j blood serum of that animal, to a substence 
1 usually highly specific, termed on agglutinine, 
whicli is able to cause clumping and aggrega- 
, tion of the living bacteria when added even in 
' very dihiU' solution (1 in 19,000-100,000) to a 
I Kusjiension of tlio organisms. This method 
i affords a very valuable check on the chemical 
i reactions, and its use has shown that in the mmn 
I these reactions are reliable as a means of identifi* 
i cation, although very considerable variations 
j can undoubteifly bo produced in the chemical 
I reaction by artificial moans, and very probably 
occasionally occur in nature. 
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Tlic above table shows the qualitative 
I reactions of a few of the liest-definod of these 
organisms ; AG meaning acid and gas ; A, acid 
only ; and - no change. For the sake of com- 
pletenetffl, the production of indole from proteins 
(see Putrefndim) is included, as well as Vogee and 
Froskauer's test, for the production of acetyl- 
mothylcarbinol (a pink colour and green fluores¬ 
cence when caustic soda is added to a cultiva¬ 
tion of the organism in glucose broth), as these 
are, at present, considoied to be valuable teste. 

Tlie nature of the action of certain of these 
organisms on the carbohydrates and higher 
alcohols has been examim^ by many authors 
from various points of view, particularly as 
regards the nature of the lactic acid formed 
under various conditions (P6r^, Ann. Inst, 
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PoateMf 1893. 7,-737; 1898. 12. (B). the net™ 

of the gas evolved (Theobald Smitt^ '^“t. Bakt. 

Par. 1896.18.1 ; see Keyes. J. Mescal Re^rch, , 
1909.21. 69. where the literature is quoted), and i 
the quantitative relations of the variora pro- i 
ducts (Harden. Chem. Soc. Trans. 1901. 612 : J. 
Hygiene. 1905. 5. 488). The following are the 
reeSts obtained by Harden for the action of an 
organism of the B. coli group on glucose, fructose, 
and mannitol, and for B. lyphmus on gluccwc. 
The coli-Uke organism employed m those experi¬ 
ments fermented cane sugar and not dulcitol, , 
and would therefore now bo regarded ns B. 
macoroba. The products ore. exprmsed m , 
percentages of the sugar fermented and also m 
terms of the number of carbon atoms of the ; 
susar molecule re|in.weuted by tlio product. ; 
The eultivations were all carried out in an 
atmosphere of nitrogen, to avoid atmospliene | 
oxidation, and in presence of chalk to neutralise , 
the acid produced, and thus to obtain a riiore . 
completo utilisation of the sugar prcsmit I he ’ 
carbon dioxide evolved by the action of the acid 
on the chalk has, in every ease, been subtracted. 
The products in all cases were qualitatively the 

.The charaeteri.stic8 of the fermentation of. 
glucose by this coli-likc organism arc that the 
lactic ax 3 id forms less than half of total 
products, that alcohol and acetic acid are pro- 
duced in almost molecular proportions, and that ] 
the ratio of hydrogen to carbon dioxide by 
volume is almost 1. B. typhi iiroduces a ; 
similar change, with the exception that no ga.s , 
is formed but an cquiv-alent amount of formic 
acid is produced, ymee B, colt and the allied 
B. cuacorobu have the power of decomposing 
formates with the production of equal volumes 
of carbon dioxide and hydrogen, this would 1 
indicate that most probably formate is pro- , 
duced in aU cases, but decomposed by B colt 
and its allies, and loft untouched by B. typht. , 
This is confirmed by the fact that sniall quanti- | 
ties of formic acid are often produced by the 
gas-forming organisms, and arc increased when 
the cultivation is carried out under pressure. | 

The production of acetic acid and alcohol 
from glucose in approximately molecular pro- I 
portions is characteristic of a large number of j 
the organisms of this grouji, B. roll commitnw, 
B. acidi lacMci, B. coscoroha, B. NmwhlMus. and 
B. tvpji, all presenting this peculiarity (Harden). 

The case of mannitol is interesting, as the 
effect of the change in constitution from glucose 
to mannitol is that the production of a cohol and 
carbon dioxide is almost doubled, whilst tlmt of 
acetic and lactic acids is greatly dimimshed. 
Other types of intestinal organisms, for example, 
the various types of dysentery bacilli, which arc 
much more restricted in their power of fermenta¬ 
tion, produce somewhat similar effects on glu¬ 
cose, but in some cases much more lactic acid 
is produced, whilst alcohol a»id acetic aqig ore 
formed in a 'different ratio. Such typ« oI for- 
mentation appear to be intermediate between the 
true lactic fermentation and that just detonl^. 

Some light has been thrown on the mechanism 
of this t™ of fermentation by the o^tya- 
fion that when S. coU communia w cultivated 
on nutrient agar in presence of so*uni chloro- 
•estate, a strain is obtained, probably by selec¬ 
tion. wdiioh no longer ^odueee gas in glucose- 


peptone-water (Penfold, Proo. Boy.. 

1911, 97). Quantitative examination m the 
products formed by such an organism (Haiom 
^d Penfold, Proc. Roy. Hoc. 1012, B, 86. W J 
Grey," ibid. 1914, B, 87, 401) shows that formic 
acid is still produced from glucose and mannitol, 
but is not decomposed. At the seme time, the 
amount of lactic acid produced from glucose is 
considerably increased at the expense of the 
alcoliohand acetic and formic acids, whereas in 
the case of mannitol thcro is no change m this 
retipcol. Ifc aoenjK probable, therefore, that a« 
intermediate tiroduetls tirst formed, frem wmon 
lactic acid, on llio one hand, and “.loohol, 
togoUior witli acetic, lorimc, and prootbly 
succinic acids, on the other, arc pn><l“'=e'l by the 
aid ot two independent onv.ytaBS (l.rcy). I he 
prodnclinii of the intermodiato compound from 
mannitol probably involves a spocial e®^^ 
but after this stage the remainder of the change 
18 in all TivQliability carried on by the same 
enzymes as are operative in the decompwition 
of glucose. Ab regards the formation of formic 
acid and alcohol and acetic and suceimo acid, 
it 18 possible that formic acid and aoetaWe- 
hydo in molecular proportions aro the 
products (.Bce Grey, Bio-Gliom. J. 1913, 7, 369), 
but it is also possible that 
duced independently of the aldehyde, and that 
t,l,c acetaldehyde is then parHy reduced to 
i alcoliol and partly converted into an cquimole- 
cular mixture of alcohol and MCtic Mid, the 
reduction to alcohol hoing much grtater mth 
mannitol tlian with glucose, buoaim® acid, is 
also probably derived from Mctaldehyde. 

The ocourronoe of acetaldehyde as an inter¬ 
mediate product in this and vanoua other 
of hactorial fermentation has been demonstra^ 
bv Nouberg and Nerd (Biochem. Zeitsoh. 1919, 
96 133) by the use of the "fixation method. 
When the fermentation is carried out m P”®”™ 
of sodium sulphite a considerable amouirt 
acetaldehyde is fixed and can be isolated from 

**GOToboridWe evidence of this 
lias boon afforded by the further 
of Grey (Proc. Boy. Soc. B, 1919, 90, 78, 92, 
1920,91. 294; 1921. 92, 135), who wotkrf wito 
an emulsion of bacteria in a solution of 
and estimated the amount of obaiwe at 
short intervals. It was thus found t^ 
the first period after the 
bacteria a very largo P™P“rtion of th^ 
and that the chief products formed at this stMe 
were alcohol and acetic, formic wd 
acids. Growth then commence^ and » 
proportion of the sughr was 

{pd,icing carbohydrate. TbisMnod w^Uowed 

by the almost exclusive “ 

and the disappearanoo of this , 

Production of %uiylene 
species of intestinal bacteria differ in » 
iSted manner from the 
inasmuch as they P<^“™ 

Sv-butylene glycol CHa'CHlOHl'CH^^'C^ 
a£ng wfthrfBMll quantities of the corresponding 
keSlcohor acetylmethyloarbmol 


CH,COCH(OH)OH, 

This latter siiBtento, in presence of 

alkali, gives a charactertetiocotoinreacMon wroi 

proteins, known as Voges and Proskaners **- 
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aotioTL Tho following quantitative results i 
have been obtained with li. lacliif alrogenes 
(Eschorich) and similar ones are given by B. <, 
eloaccB (Jordan), (Harden and W^polo, Ih’oe. ' 
Roy. 8oc. 1000, B, 77, 421 ; Walpole, i6tW.*1911, 
B, 83, 272 ; Thonijwon, ihid. 1912, B, 84, 500 ; 
Harden and Norris, ifnd. 1012, B, 84, 402):— 


— 

(Jlucose 
i’.c. |CalniB 

Maimiiol 

P c.i|CatmH. 

Alcohol . 

18-2 

1-43 

32-5 

2-57 

Acetic a(!id 

8*(i 

0-52 

21 

0J2 

Lactic acid 

91 

0-55 

8'() 

0-52 

iSuocinio acid . 

4-5 

0-27 

2-8 

017 

Formic acid 

1-7 

|l*2I 

j JO 


Carbon dioxide 

35-2 

\35*5 

) 1 ‘O,! 

Hydrogen 

i 0-UJ 

— 

— 

— 

B uty lene gly col( by (bf.) 1 (22 • 7) 

1-72 

(16-9) 

119 

Vol. ratio of 

1 0-52 


0-79 

— 


This type of fermentation, therefore, is 
charactorised alike by the large production of 
alcohol and the formation of butylene glycol. 
As in the case of the (‘oli-likc orguniHiiiH, th<^ 
alcohol produced from mannitol is ajiproxi- 
raately twice as mucli as from glucose, '(’he 
ratio of HJi'O., is also much lower than is 
olwervod with the coli-Iike organisms. 

Butylene glycol may ho regarded as a reduc¬ 
tion product of aceialfhihyde 

20H3-CIlO-ClI,-(:ir(OH}-OH(OH)-(;H3 
and is actually fornu'd from acetaldehyde by 
B. lactic aarogeneH (Harden and J^^orris, l*roe. 
Roy. Soc. 1912, B, 84, 492). Its production, 
therefore, falls readily into Grey's scheme of 
fermentation given above. 

Man^ bacilli not of intestinal origin also give 
rise to similar products. Thus, Tate (CJiem. Soc. 
Traiw. 1893, 12(13) found that an organism 
derived from ripe pears fermented glucose and 
mannitol to alcohol, acetic, formic, succinic, and 
Mactic acids, and made the interesting observa¬ 
tion that rhamnose, a methylpcmioso 
CHj*CH{OH)Cn(OH)(JH(OH)‘CH(OH)CHU 
was decomposed by the same organism, but 
yielded no alcohol or formic acid, the products 
consisting of acetic, succinic, and J/-lactio acids. 
In no case did the sum of the products obtained 
by Take approach the weight of the material 
fermented, tne discrepancy being from 20-80 ]>.e. 
Again, the pneumobacilliis of Fricdlander {B. 
pTieumonia) was found by Grimbort (J. Pharm. 
Chem. 1895, fO] 2, 629) to vield 36-68 p.c. of /• 
laotio acid from glucose andVannitol, along with 
alcohol, and acetic acid; whilst Frankland, 
Frew, and Stanley (Chem. Soc. Trans. 1891, 253) ' 
obtained no laotio acid, but only alcohol, acetic, 
aucoinio, and formic acids tmd a large volume of 
carbon dioxide and hydrogen, the products from 
mannitol bemg in the ratio 

9C,H,0: 4CAOs: lOCOj,; 8H, 
whilst relatively less alcohol was formed from 
glncoaa, Tlie discrepancy between Itieso results 
^TobakHy points to imperloct identiboation of 
the otfmam on the ^rt of one or other of 
theae obaervers or else to a wid^^fferenoe in 
<dMa:deaL actioh between differ^ varieties of 
tbe Mme oiganism. 


(c) The tratyrie fermentation. Normal buty¬ 
ric acid and normal butyl alcohol are formed 
from carbohydrates, higher alcohok, glycerol, 
lactic acid, and olncr (Compounds by the action 
of- many bacteria, and, in addition to this, 
organisms are .also known which produce 
butyric acid from proteins. 

The butyric fermentation, well known as a 
means of prisparing butyric acid by the inocula¬ 
tion of a glucose solution with decaying cheese, 
was iirst asi-ribed to a specific organism by 
I’ostcur (1861). Jle named this organism the 
Vibnon bntynqne^ and made the highly im¬ 
portant observation that its motility was 
destroyed by the presence of oxygen, a pheno¬ 
menon wliieh led to the recognition of the 
exiflU'nco of anaerobic organisms and to Pasteur’s 
celebrated theory, ‘ La fermentation est la vie 
sans air.’ 'I’lio subsequent researches of Praz- 
mowski, (iruber. Botkin, Beyerinck, Flii^ge, 
amJ many others, added to the Vibnon butynque 
of l^asteur as producers of butyric acid a lai^e 
number of species of varying forms and proper¬ 
ties. Tlie bact-ona whicli produce butyric acid 
from carbohydratoH are cliaracterised by an 
extreme tendency t-o variety and multiplicity 
of form. Moreover, they ail form spores, many 
of which are cxtrcmiely resistant to heat, and 
those %cts, eoujilcd with the difficulty of 
isolating pure culture's under anaerobic; conditions, 
have given rise to the greafwt confusion in 
tlio literature of the subject, and to considerable 
diffi(;iilty in the identification of species. 

The study of the anaerobic bacteria obtained 
from wounds, carried out with an improved 
technique, lias, however, resulted in a con¬ 
siderable advance in our knowledge of this 
group of organisms {nfit Report to Medical Re¬ 
search (bmmitUic, McIntosh. 1917, and Reports 
of the ('ommittee upon Anaerobic Bacteria and 
infoctions. 1918, 1919, w'here the literature is 
quoted), although the choiui<-al changes produced 
by them have not yet been thoroughly worked out. 

These organisms are best classified according 
to their morphology and <;hemical action, as 
shown in the folkiwing table (Report of Anaerobe 
('omm. 1919, 47) :— 

(u) Central or subterminal spore. 

A. Both proteolytic and saccharolytic pro¬ 
perties. 

1. Proteolytic properties predominating. 
(Ck>agulaU‘d sterum and gelatin arc liquefied.) 

B. sporogcTWH ; }i. •paras'porogcnts ; B. 

fdaolyiicuA ; B. aerofciidv ^^; B^bifcrme^m. 

2. Saccharolytic projierties predominating. 
(Serum not liquefied. Gelatin liquefied.) 

B, Wclcfm; Vibrionsp.ptiq'ue i B.chauvoeii 

B. cedemalicm ; B. boivUmut. 

C. Saccharolytic but no proteolytic pro- 

j perties. (Neither serum nor gelatin liquefied) 

B. fallax ; B. bulyricus; B. ‘muUifermenU^ 
i tenaJbus. 

(&) Oval terminal^pore. 

Saccharolytic but no proteolytic pro¬ 

perties. 

B. tertius. 

D. Neither saccharolytic nor proteolytio 

proporties. 

B. cochkariua. ^ 

(r) Spherical terminid spore. 

B. Slight proteolytic but no saccharolytic pro¬ 
perties. (Serum notliqne&ed. Gelatin tiquefi^) 
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B. MaiU. 

C. Saocharol 3 rtic but no proteolytic pro¬ 
perties. 

B. ietawmor'Hihtta ; B. ftpl^e/noides. 

The pn>teolytic group ((a) A. 1) comprises a 
number of different organisms, the chiei chemi¬ 
cal action of some of which iff the deconiposi- 
tion of proteins and ammo-aciiis {IS. Siif<toh/hru>i; 
see under Putrefaction). B. sporogenes (Motohni- 
keff) occurs in animal excreta and in soil. It 
is a largo motile bacillus, which readily forms 
spores. Those are very resistant to heat, and are 
not destroyed when the liquid in which they are 
suspended is boiled for many mimite-s. It de¬ 
composes glucose in a similar manner to Ji. 
Welcfiii (see beloiv). but from milk it produces 
valeric and eaproic. in addition to butyric and 
acetic, acids (Wolf and Tclfer, Hioeliein. J. 
1917, 11, 197). 

The non-proteolytii! group ((a) A, 2) includes 
several organisms capable of setting up patho¬ 
genic conditions in man and other animals, more 
particularly gas-gangrene. B. Wclc/tn, also 
known a.s B. aerotjenes capsulatus (Welch), B. 
perfringens (Veillon and Zubor), and B. cn- 
teritidis sporogenee (Klein), occurs in soil, and 
is also regularly found m cow-dung, from 
which it passes into milk. It is a frequent 
infection of wounds, and is patliogeiiic to 
guinea-pigs. It ferments the sugars ancf stareli, 
but not mannitol or cellulose, and attacks 
glycerol. Both from milk and glucose large 
quantities of butyric and acetic acid are formed, 
along with carbon dioxide and hydrogen and 
a non-volatile acid (presumably lactic acid) 
(Wolf and Tclfcr. Biochem. J. 1917, II, 197). 
This organism, which is one of those responsible 
tor the production of gas gangrene in cases of 
wound infection, when grown under suitable 
conditions produces a toxin, from which a 
potent antitoxin can be prepared (Bull). 

Among other organisms in this group are the 
Vibrion septiqne {Pafiteur and Joubert) or bacillus 
of malignant oo<lema, wliich is largely responsible 
for the gas-gangrenc resulting from infected 
wounds; B. cJiauvoci, the bacillus of black- 
quarter (Rauschbrand) an impure culture of 
which was described by Orassberger and Schat- 
tenfroh as the non-motile butyric acid batiiUus, 
B. botuUnits, which has been found in certain 
oases of food-poisoning and B. oedernaticnii. , 
Non© of these has yot been carefully examined j 
from the chemical point of view. * 

Another important anaiirobo (Group (a) C) is 
Bacillus hutyncus. This comprises Pasteur’s 
original Vibrion butijrigue and the organisms 
previoiu.lv known os A amylobacier (Griibcr), 
the motile butyric acid bacillus of Grassberger 
and Schattenfroh, Clostridium butyrievm (Pra*- 
mouski), Oranulobacter saccharofniij/ricus (Beyer- 
inck), B mcckarobutyriciis (Kleckij. It is found 
in soil, water, and cheese, but less frequently 
in milk, and is typically a short bacillus with 
rounded to almcwt pointed esfcremities. I^-fer- 
ments glucose, saccharose, lactose, starc^and 
glycerol with production of butyric and lactic 
ackl and evolution of carbon dioxide and hydro¬ 
gen (Grassberger and Schattenfroh, Arch. Hyg. 
1902, 42, 219). 

B. tetani (Group (c) B) is highly pathogenic to 
animals, producing tetanic convulsions (lock- 
iaw) dead d^th. Severed disUnot types of this 

VoL. m.~T. 


organism occur, which can only be distingulehed 
by their serological reactions. It forma a 
powerful toxin in broth, which is used for the 
promration of an antitoxin. It does not ferment 
carbohydrates, and has a slight action on meat, 
without producing putrefaction. 

In some detached instances oxarainations 
of cliontical j)roductH have been made with 
cultures of doubtful purity. Thus the B. 
bulylinis of Fitr, (Her. 1878, 11, 49). ob- 
tainedafrom hay iivfusion, gave the following 
n'sults with giyoerol, mannitol, and invert 
sugar:— 


Glycerol Mannitol Invortsugar 

p.c. 

p.c. 

p.c. 

81 

1()*2 

0*5 

. 17*4 

35-4 

425 

1-7 

0-4 

03 

— 

001 

trace 


w-Biityric acid 
Lactic acid 
Succinic acid 
Trimetliylene glycol 9‘4 — — 

Tlie fermentation of glycerol by this oiganism 
has iKHjn recommended by Fitz, aiulRubseauently 
by Freund, as a convenient method for the pre¬ 
paration of n-butyl alcohol and of trimethylcne- 
glycol. 

Buchner and Meisenhoimer (Bor. 1908, 41, 
1410), also working with the B. hntylicus of Fit'/., 
obtained analogous results, bm did also Pordrix 
(Ann. Inst. Pasteur. 1895, 5, 280) with the 
B. amylozyma (Perdrix). 

An organism termed B. (imyldtiader pecri'no- 
wrum, th(! lixaet position of which in the classifioa- * 
tion is not clear, has been employed for the 
commercial production of acetone and »-butyl 
alcohol from maize (Fembach and Strange, 1912, 
Eng. Pat. 21073 ; Woizmann, 1915, Eng. Pat. 
4846). The ehomical side of the pr’cess has 
been described by Ilcilly and his colleagues 
(Biocliem. J. 1920, 14, 229), and by Spoakmau 
(.1. Biol. (’hem. 1920, 41, 319; 43. 401), and the 
necessary plant by Speakman (J. Hoc. Ohem. Ind. 
1910, 38, 155 T). A 0-5 p.c. mash of maize is 
funployed and the; organism produces from the 
maize 7 p.c. of acetone and 16 p.c. of butyl 
alcohol, together with small amounts of aoetio 
and butyric acids and a non-volatile acid. A 
large volume of gas. consisting of carbon dioxide 
and hydrogen, is evolved, 100 lbs. of maize 
yielding 341 cubie feet or 40*7 p.c. of COj, and 
209 cubic feet or 1*1 p.c. of The acetone 
and butyl alcohol are distilled off and puriffed 
by fractional distillation. In the presence of 
calcium carbonate very little acetone and butyl 
alcohol are formed, the products consisting of 
acetic acid, butyric acid, and cos. The yield 
of acetone is greatly incireased by the admtion 
of atietic acid and that of butyl alcohol by 
butyric acid, and it %eems probable that in the 
normal fermentation acetic and butyric acids 
are intermediate products. 

The oecurrence of acetone among the pro¬ 
ducts of carbohydrate fermentation iiad 
previousljf frequently been recorded (see Bchar- 
dinger, Contr. Bakt. Par. 1905, ii. 14, 772). A 
considerable yield was obtained by ScharcUnger 
by the action of the spore-forming B. maceranfi 
on potato^ and plums, alcohol and acetic and 
formic acicT being also produced, but no laotio 
or butyric acid. * • 

The production of butyric acid and butyl 
alcohol from glycorol and hictic acid by means 
of the bntytfr bacillus is of groat tltborcUfmS 

u 
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importance, since it involves a syntnesis from 
liio primary j>rodiictfi of the rupture of the 
carbon chain. It has lH*en suggested by many 
obsorvers that one r)f i)ie.sr is acetalddhyde j 
from whicii llio hiit-yrir a<‘id and butyl alcohol 
could readily he formed by an iildol uoiulcnsation, 
followed by r<«luctKm or a (.•oinbined oxida¬ 
tion and reduction: 

H2O 

That' lactic nciil ik not iiei^fiHsarily an inter¬ 
mediate product in tlie butyric fermentation, af' 
Nuggesteil by Kiielmer and MeiHcnlieimer, is 
shown by the fa< t tliat certain organiHins will 
not ferment lactic aedd m tliis way, although 
they produce butyric acid from sugaiv, 

Neuberg and Arinstrin (Riochem. Zeitsclj. 1021, 
117, 2(10) have ap])li<‘d the sulphite ‘fixation’ 
method to the fermentation of sugar produced 
by B. bnUfhcuft jitzianux, and hav(“ found tlwit 
autaldchyde is jiroduceil. Neither autaldchydc 
itself, however, nldol nor [lyruvic acid yielded 
butyric acid when treated witli the organism, 
whereas the aldol of jiynivic aei<l 

gave a good yield, ami they tlierebirc consider 
that this HiiWanei' is produced as an inter¬ 
mediate product. 

'Phe doU'ction of aiiaijrobic butyri<‘ acid ' 
bacteria in milk f Khun's H. i UtcrilKlis h}>ori>genc^) 
fonns part of the routine examination of milk 
for faecal contamination, and is carried out 
by heating the milk to KO" for 10 minutc'S, 
to destroy all vegetative forms ami h'ave only 
the resistant hjioo'h. and incubating measured 
quantities of the liquid aiiamobicallv. A 
eharoeteristie separation of the casi'inogen in 
flocouli. aeconipaiiied by a smell of Imtyrie 
acid and the d(‘vclopmeut of (iraiii-jiositive i 
rods pathogenii!. (o guinea-pigs, indicates the', 
presence of the bacillus. 

(d) The fermentation of cellulose and bacterial 
production of methane. 'I'lie bacterial formon- 
tation of eelluloso takes jdaoe on a vast scale in j 
the soil, es)ieeiaUy in nianshy places, and appears j 
to bo one of the chief processes by whi(di the ; 
cellulose of plant remains * is resolved into ] 
simpler products. It is to tins decomposition 1 
tiiat is due the evolution of an inHainmable ! 
hydrocarbon from niaisht's, which was lirst. 
recognised by Volta in 1770. A similar de- 
competition wcurs in the stomaelis of gramini¬ 
vorous animals (Tappeiner) and in heaps of 
manure, wool, refuse, &c. The fact that- 
cellulose was capable of undei'going fermentation 
was first observed by MiWeherlich in 1850, who 
aaoribed the gradual disappearance of the cell 
walls of potatoes U'ft in water for several days 
to the action of bacteria. The power of de¬ 
stroying cellulose was Bubaoquently (erroneously) 
attributed bv van Ticghem (Conn»t. ’rend. 1870, 
88. 205 ; 89, 26, 1102) to the B. amglobncte.r 
(Gruber), on the ground of the destructive action 
of this lAcdllua on many vegetable tissues. A con- 
si<|ciMU& ftmount of information as to the chemi¬ 
cal fiotuse of tho process of cellulwc fermenta- 
^ tioii wan afforded by the reacarches of Potioff 
(Arch. Ph)-?. 1876, *10, 113), T<‘:.pi)einer (Her, 
1881,2375; 1882,999; 1883, 17:U; 1884,142, 
202, 5S7), and Hoppe-Scyler (Zeitsch. phyaiol. 


iChem. 1880. 10, 201, 401; Ber, 1883, 10, 122). 
Popoff and Hoppo-Seylor worked with sewer 
mud, and found that it contained organisms 
capable of decomposing Swedish filter paper, 
and producing from it carbon dioxide, methane, 
arftl sometimes hydrogen. llopi)e-Soyler, indeed, 
was able to biing about the conversion of 26*8 
grams of pure filter jiapfcr into marsh gas and 
carbon dioxide in 4 years at room temperature, 
no other products being formed. Tappeiner 
paid at tention chiefly to the extremely interest¬ 
ing problem of the decomposition of cellulose in 
tho animal int(\stiiie, which had‘previously been 
ascribed to the action of a soluble enzyme 
(Hofmeister). He showed that n largo part, if 
not the whol(‘, of this decomposition, which in 
ruminants may amount to as much as 75 p.c. of 
the cellulose ingested, is bacterial and is accom- 
panii'd by the evolution of large volumes of 
carbon dioxide, marsh gas, and sometimes 
hydrogen. He was moreover able to show that 
two types of cellulose fermentation existed, one 
of which was characterised by tho production of 
methane, the other by that of hydrogen, methane 
being fonned when tho nutrient medium con¬ 
tained beef e^'t^act, hydrogen when only salts of 
known composition were used. In both oases 
carbon dioxide was evolved, and aldehyde and 
largo quantities of acetic and butyric acids were 
iroduced. No advance had, up to this time, 
Kien made in the determination of the specific 
bacteria to which tho d(istruction of cellulose 
was due, this function Ixung generally ascribed 
to B. amylofxif'ter, although van Senus (Koch’s 
Jalirb. 1890, 1. 130) considered that tho presence 
of a second organism was necessary. Much 
light has been thrown on the whole subject by 
the loriff-continuod researches of Omelianski 
(dentr. Bakt, Bar. Abt. ii. 1902, 8, 193; 1904, 
11, 300: 12, 33; 1900, 15, (>73; article in 
Lafar, Technischo Mykologie. 1904, iii- 246), 
Omelianski has found tliat tho fermentation of 
cellulose is produced by anaerobic scoring btw- 
teria, and agrees with Tappeiner in recognaing 
the methane and hydrogen types of fermenta¬ 
tion. These are brought about by differwat 
organisms, whic-h can Ix' sejiaratod if advantage 
be taken of the fact that when a mixed culture 
of the spores of both varieties, such as occurs 
naturally in sewer mutl or manure, is inoculated 
into the nutrient solution described below, and 
cultivated anaerobically, the bacteria of the 
methane fertnentation are tho first to grow. 
Accordii^ly, when such a mixed culture m 
allowed to develop and is then heated to 75® for 
15 minutes, the vegetative forms of the methane 
bacteria are killed, and a succession of inocula¬ 
tions and heatings suffices to remove the whole 
I of these, and leaves a culturo which produces 
I a pure hydrogen fermentation. On the other 
I hand, direct inoculation without heating IcAds 
j to the elimination of tho undeveloped spores of 
1 the hydrogen organism and the pr^uction a 
; puijA ^ethane fermentation. It has not so far 
I neon‘found possible to obtain cultures of eiHier 
; form on solid media, and Omelianski leliee on 
I the strongly selective character of his medium 
and the microscopic appearance of his cultures 
as the only ^arantees of thrir purity. The 
medium found suitable consists of potassium 
phc»phate, 1 gram; magnesium sulphate^ 19*6 
gram; ammonium sulfate or phosj^te. 
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i gium $ Bodlum ^oricie^ trace; distilled water, 
iBtie. To 300 C.C. of this, 3-4 grams of Swedish 
niter paper and grams of ('halk are added, 
and the whole inoculated. The fermentation : 
only b^ins after at least a week’s incubation, 
ana proceeds slowly for many m<mtliB. Spots 
slowly appear oil the paper, anil tncsc 
gradually become perforations, and the pa])or 
breaks up into fragments and finally disappears. 
She decomposing fragments are ft)un<l to bo , 
densely covered with bacteria, whieli are very 
slender, isolated rods, those of the motliane 
fermentation lx*ing Honu'wlmt the thmm*t.’ of the 
two apeciwt. 'I’hey graclually produce at one 
end a round spore, three <<imea the diam<*ter of 
the red (drumstick form). 'I'he bacilli can Ik^ 
stained by the ordinary aniline dyi's, and do not 
give a blue ooloratmn witli iodine. 

In the alweneo of iinv isolation of the Imcteria 
on solid media or eiiltivivtion from a single 
spore, it must still b(' regarded as doubtful 
^whether either of these organisms has yet been 
obtained in pure culture. 

The j>ro(ludH of dcccmpoMition of cellnlon-' 
were examined quantitatively by Dmolianski, 
and found to Ikj as follows :— 

IIvilr<»KBn Methane 
fcrmeiifalion fermentation 


Carlion dioxide . 

pc. 

. 29-1 

p.C. 

43-2 

Hydrogen . 

. 0-4 

— 

Methane . 

— 

0-8 

Acetic acid 

. 35-9 

430 

Butyric acid 

. 310 

71 


90-4 

100-7 


Pringsheim (Centr. Ilakt. Par. 1913, ii. 38, : 
513) has found that the fermentation of cellulose 
can bo brought about anaerobically by many \ 
thermophilic bacteria, which have the remark- ; 
able property of growing best at : 

temjieratures at whieli most bacteria arc killed. 
The products in this case are hydrogen and ; 
carbon dioxide, along with acetic and formic, i 
but no butyric, acid. Cellulose is also decom- } 
posod by certain denitrifying omanisms. Tlie 
same author has sliown that in ^ urocesscs of, 
the bacterial fermentation of cellulose a pro- : 
liminaiT hydrolysis occurs, brought about by 
the celiuiase of the organism, with formation 
of the disaccharide cellobiose, which is then 
further hydrolysed and the produo.ts fermcnkKl 
(Zeitsch. physiol. Chein. 1912, 78, 250). Cellu¬ 
lose is also atta<‘kcd and di.sintc^ratod by 
various ai^robic organisms and by certain 
moulds (sec McBetb, Soil Science, 19U>, 1, 437), 
but little is known as to their mode of action. 
The materials containing the cellulose-fermenting 
bacteria also contain organisms which are 
capable of producing metliano from a great 
variety of suMtancos, among which are acetates 
(Hoppo-Seyler), butyrates (Maz 6 ), and generally 
the fatty acids containing an even number of 
carbon atoms in the molecule fHohngen); eiiihol 
and gum arable (Omelianski), and, according 
to Tappeiner, various albumins and protein 
derivatives. Omelianski ahio obtained from 
defying wood oigonisms which produced 
n^hane fermentation with albumin, glue. 

wool, and peptone. Fermentations of 
VbSb kind undoubtemy j^v a large part in the 
dwtrnotion of animu and vegetable remains 


and are of great technioid impoHanoe in the 
decomposition of sewage in the septic tank lemd 
in the fermentation of manure. An interesting 
consequence of their constant ocourrenoo in 
nature is the presence of methane in the alf, as 
•much OH 11 3 c.c. per UK) litres having been 
found by Ciauticr in the air of wooded rural 
districts, where the dd'oinposition of v<«efcable 
matter in the soil is probably very considerable. 

Other types of fermentation V deoompMl* 
tion. ^^Fermentation of the hydroxy-aeids and 
glycerol. Aiming the numcreuH other typos of 
fcrmoutalion involving the rupture of the carbon 
cliain of non-nitrogonouM compounds, only a few 
can be mentioned here. 

j. Tlio B. vfhnceticuH (F.) was isolated in 1890 
from sheep dung by Franklaiid, who carefully 
oxamiruxl its action on a number of different 
substances. This organism does not appear to 
have been identical witli any of the more 
recently described inU‘sl-inal bacteria. It fer¬ 
mented glucose, mannitol, arabinose, and gly- 
I cerol, forming mainly acetic acid, alcohol, formic 
j acid, and a mi.xturc of equal volumes of carbon 
' dioxide and hydn>gen. No lactic acid was pre- 
I diici'd. Imt from glucose and arabinose a hxed 
' acid of unknown composition was probably 
formed {Frankland and Fox, Free. Roy. 8 o 0 . 
1890, 4(), 345 ; I'rankhind anil Frew, Chom. 8 oc. 
Trans. 1891,81 ; Frankland and Lumsden, 

1892, 432; Frankland and MacGregor, iTiwf. 
1892, 737). This organism had the interesting 
' property of fermenting a solution of calcium 
; di-glycerute asymmetrically, only decomposing 
: tlio f-aci<l an^ leaving unattacked the pure 
d-aciil, which was first isolated in this way. The 
decomposition is roprosented by the equation: 
5(!3H9(),-C2TIfl0+4(;2H40,+5(X),+3H,+H,0 
This organism, after repeated cultivation in 
calcium glyoerate, however, acquired the power 
of slowly fermenting the d-aci<l, 

ii. (Hi/ccrol undergoes fermentation hy ma^ 
organisms, and in some cases yields butyric acia, 
as has already been described. 

A more usual change is its doeoraposition 
mainly iute akohol and formic acid or carbon 
dioxide and hydrogen : 

<^aH,O3-(!,H,O+C0a+H, 

This was observed by Fitz with an organism 
known as I), elhylicvs or filzianns^ and this is 
also the typo of decomposition produced by 
IS, coli communig (Harden). 

iii. The hydroxy-acUU, such as laotic acid, 
malic acid, and citric acid, are readily de^m- 
posed by many organisms. Thus laotio acid, in 
addition to undergoing butyric fermentation, 
is converted by a mixed fermentation (Strecker, 
1854, Fitz) into acetic acid, propionic acid, and 
carbon dioxide. Malic acid yields with B. lactu 
airogenes, carbon dioxide, acetic acid, and a 
large amoqpt of succinlb acid (Emmerling), similar 
products being formed by B. cloaca (Thompson), 

i whilst citric acid is converted by these two 
organisms into carlxm dioxide and acetic add. 

! iv. The. mannitol fermentation is effected by aa 
! organism wfcich occurs as an infection, in wuMS 
(Gayon and Hubourg, Ann. Inst. Pasteur, 1894,1^ 
8 . 108; 1901, 16. 627). it decomposes sugara 
into alcohoU ^rbon dioxide, acetic, betio, and 
succhuc acidsf and glycerol, but with froctoae 
yidds a considerable proportion of immnitd. 
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3. Fermentations by Oxidation. I 

AU aijrobic oi^anisma have the power, like 
the liiglier plan^ and animala, ot oxidising 
appropriate, food inaiorialB, with production of 
carbon dioxide and wut(5r. It Ih, however, ' 
frequently jumibh;, in the, cane of bacteria, to 
isolate partially oxidiH(‘d jiroduets and thus 
ascertain Konui of tlie slugea of tlie proc<«s, 
when*as this can only rarely bo oecomphsheti 
with higher organisniN. 'I’ho productijn of 
acetic acid from alcohol by lautbirial action is 
one of the most inijiortant cjisch of thi.s kind: 
the conversion of ammonia into nitrous acid, 
and this into nitric, acid, being a secoml. 

(a) The aeetlc fermentation of alcohol and the 
oxidising properties of the bacteria which produce 
It. The HDontaneoim souring of wine, beer, and 
other aleonolii^ liquors when exposed to uir lias 
long been known and emiiloyed for the manu¬ 
facture of vinegar. I'astmir, in 18(>1 (Mem. sur 
la fermentation aeet ique; Ann. b]eolo Norm, 
sup. 235, 226: .1. ('hem. Su(x AUtr. JHSl, 12S ; 
Ktudes ftur let vmaigro, 18()S). eonelusivoly 
proved tliat the eluiuge of alcoliol into acetic 
acid in this process w«s due to (In* * flowers 
vinegar,’ an organism wliieli, from Die 
umKlanee tlint it formed a iilm on tlu- 
surface of the liiiuiil, ho termed Miicoik’rnia 
fif.eti. i*asf.<uir earefullv examineil this organism. 
Cultivated it m synlnetic media, anil proved 
that it acted as a carrier of oxygen from the 
air to the alcohol, and that it was capalile, 
when no mon‘ alcohol was available, of oxidi.smg 
the acetic and to carbon dioxide and water. 
TracoH of aldehyde were olwerved to be produce<i 
when the vitality of tlie organism was impaired 
The application of Neuberg’.s ‘ fixation' method 
(fermentation in presimee of sodium sulphite) 
leads to a large accumulation of acetaldehyde 
(Nouberg and Nord, Hioehera. Zeitsch. 1010, 00, 
158). Since J*asl(‘ur'.s time a largo number of 
organisms liave been found which liavea similar 
action on alcoliol, and which include those found 
in vinegar browerii'S. 'I’liese are not very clearly 
characterised, and only one or two of the most 
important can be heiT mentioned (A-er llenno- 
long, various papers m (!entr. Bakt. i*ar. Abt. 
ii. 1807-08, 1905-0; and (larungsbacteriolo- 
gischea Fraktikum, Berlin, 1000, 510-558). 
B, (kpH {Hansen) has been studied nioipho- 
logically by (’ohn (Biol. d. Pflaiucn, 2, 173), and 
biochemically by A. J. Brown {(Hiom. Soc, Trans. 
1886, 174; 1887, 638) and Hanson. It grows 
on the surface of culture media, forming an easily 
broken Him, consisting of chains of eelLs about 
2 inches in length, and sjightly contracU'd in 
the midiile, so that they resemble a figure of 
8. It does not form spores, and madily pro¬ 
duces involution forms, cells of 10-15 g in 
length and irregularly swolleu being common. 
As r^ards the jiroductiofe of acetic ^aoid from 
alcohol. Brown luUy confirmed Pasteur’s obser¬ 
vations with Myoodertna aceti. The lughest 
conooiitration of acetic acid tliat can be obtained 
by the use of this oiganisiu is 6'6 p.c. (Uenne- 
berg). t 

^ Brown also found that this organism con¬ 
verts a*|NK]^l alcohol into propionic acid, and 
glyctil into fflycollic atiid, hut a<*» not ai't on 
methyl alcohol or eiythritiol, wlfllst it oxidises 
flyoera oompletoiy. ' The observation that this 


bacillus converts glucose into gluconic acid 
(Boutroux, Compt. rend. 1878, 86, 606; 1880, 

236) was confirmed. Mannitol undoigoes 
an extremely interesting reaction, being con- 
verted into tructose. All these reactions occur 
when the organism is grown on solutions of the 
various substances in yeast wat-er, chalk being 
added to neutralise th(‘ ai'ids formed. 

As already nK-ntioned, Buchner and Gaunt 
(Annalen, 1(H)6, 340, 140) have shown that the 
oxidation of alcohol by tins organism is due 
to the at'tion of an enzyme, and can be effected 
by the (•ells after they have liecn killed and 
dehydrated by acetone. 

Ji. xi/lnius (llrown) is the organism which 
occurs 111 the vinegar jilant , or mother of vinegar, 
in wliicli it IS asKociat<‘d with a ycaat. The 
mixed growtli is tlms cajiablc of converting cane 
sugar solution into vinegar, the sugar, which is 
itsidf not attacked by tlu* bai illus, being hydro¬ 
lysed and fermenb^d by tlie yeast, with produc¬ 
tion of alcoliol, wliieh is tln-n oxidised by thq 
; bacillus. The Ji. xi/lumv m jmre culture grows 
I on the surface of alcoholic liquids, forming thick, 

, tough gelatinous iiH'inbraiKvs, winch sometimea 
; on wine attain a thickness of as much os a foot. 
This is due to the formation of a transparent 
I film m whicli the sliort, rod-like bacilli are 
j cml>i‘dd('d. This film contains a largo projior- 
tion (30-63 p.c. of its dry weight) of a cellulose- 
I like material (Brown), which, liowcver, contains 
' nitrogen, and is probably a glucosamine deriva- 
I live (Rmmcrling, Bcr. 1800, 32, 541). The 
; cliomical actions of this organism were found 
; by Brown to agree in general with those of 
j Ji. accli. They have been more eompletely 
' investigated by Bertrand (Ann. Chim. 11H)4, 

18] 3, 181), who terms the organism tlic sorboeo 
' bacterium. He finds that t-lua organism con- 
I verts many jiolyvalent alcoliols into the corre- 
; spending rt-kotosc, thus changing sorbitol into 
sorbose, mannitol into fructose, »-erythritol 
into erythulose GH 2 (C)H)'C 0 'CH(()H)’(JH 20 H, 
/-arabit/ol C'sHijOe “ito arabinuloso 
' pemoitol and volcmitol into perseuloso 

I and volemuIoHc Of great interest is 

. its action on glycerol, which it converts into 
diliydroxyacctono l'H 2 (OH)‘CO*CH 3 'OH, en¬ 
tirely free from the isomeric glyccraldohyde 
which is invariably formed by the action of 
onlinary oxidising agente. 

This method is by far the most convenient 
for the preparation of dihydroxyacetone, the 
organism being simply grown for about 3 weeks 
on tt 10 p.c. solution of glycerol in yeost water, 
an<l the liiiuid then evaporated, precipitated by 
alcohol, filtered and finally evaporated in vacuS. 

On the other hand, glycol, l-xylitol, and 
! d-dulcitol are not attacked. The action of the 
: bacillus is confined to the oxidation of a seconda^ 

' oarbinol group, which is not stereochomic^y in 
tlie neighbourliood of a hydrogen atom (Ber¬ 
trand). T'he aldoses are oxidised to the corre- 
spofing acid, gTuoosc, xylose, arabinose, and 
galactose all behaving normally in this respect. 
When the acid thus produced contains a 
CH(OH) group capable of being attacked, 
according to the rule Just stated, this may also 
be oxidised. Thus gluoomo acid yields the 
corresponding ketonio acid, oxygluoonio ao^ 
(!H,(OH)-(X)'CH(OH)-CH(OH)i;]^OH)-COOH, 
which had previously ^en obtained by Bonteoux 
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by the did of the M, (Mongu^ (Bout.) (Compt, i sub-cuJture iu a selective oultuve medium oon- 
rend. 188tt, 102, 924). i taining sodium nitrite instead of an ammonium 

(A) Nitiiflcation. The conversion of the ! salt. This discovery led to the expluistion of 
nitrogen of organic matter into nitrates in the the apparently capricious action of the nitrifying 
soil was fauiiliar to chemists at a very early organisms, which sometimes yielded -nitrite and 
date, and was employed as a means of manu- ' at others nitrate. It was found, in confirmation 
factoring saltpetre. From the time of Mayow of the opinion expressed by War^ton, that the 
onwards, it was regarded as a purely chemical development of the nitrate-producing organism 
action brought about by th(i ajfem y of the porous was inhibited liy comparatively small propor- 
soil, or, according to Jaebig’s characteristic view, tions of ammonium salts. This effect is, in foot, 
by a ferment, i.c. sonic substance which was ' very 9^markahle, and is comparable to that of 
itself undergoing oxidation in the soil. The ^ the most powerful antisejitics. In a particular 
idea that this proet-ss was in reality (>f biological case as littie a.s 0’005 gi-am per litre of ammonia 
origin was suggested by I’asb-ur (18(i2), but (as sulpiiato) caused a jierceptiblo diminution in 
first moil! fully devi-hiped by Scliloesing and the rate of nitrification of a nitrite solution, and 
Muntz {(’ompt. rend. 1877, 84, 3(H ; 1878, 8(5, 0’154 gram ciunplotely inhibited it. On the 
392; 1879, 89, 891, 1074), who found tliat other hand, nitrites may bo present up to at 
nitrification ceased when tlu; soil was sterilised by least 10 grams per litre, and nitrates to 20 grams 
heat or antiseplics. The researches of VV^aring- per litr<\ When, however, ammonia is added to 
ton ((’hem. Soc. 'IVans. 1878, 44; 1879, 429 ; a liquid containing a woll-devolopod culture of the 
1884, 037 : 1888, 727), l arruMl out at Rotham- nitratx'-producing organism, it causes very little 
sted, contnbut<*d, uh»ng wilh mucli information change in the rate of action, even in quantiti(» 
as to tlic couditions of ininlication. the funda- of 1’8 grams per liti-c. so that its liarmful effect is 
mentally imjiortant fads that oxulation often mainly onc^ of inhibition, exerted on the develop- 
only pio<-(H*dcd as far as itu- produ<’tion of , nicnt of the organism, and not on the oxidising 

nitrite, an<l that tiic ml rugen wa.s convert (-d into ' action of thy developed organism (Winogradsky), 

uminoiiia before being niirilied. 'riuwe concep- In agrt'ement with these facts, it is found that 
tions wcie then further devcloix-d hy Mimro when an inoculation of earth is made into solu- 
((’hem. Soc. 'I’ranH. 1880, 032), who came (o llie tions of ammonium salts, niti-osifioation (the 
conclusion that the normal course of mtniica- production of nitriU-) proceeds until nearly all 
tion consisted m the jiroduction of ammonia the ammonia has Ix-cn converted, and only then 
followed by that of nitriU's and mtiatcs. Up does the production of nitrate begin. The 

to this lime (1888), all attiunpts to isolate the rejieated addition of fresh ammonia before this 

organi.sms by the aid of which the change was ' second stage sets in will limit the action entirely 
effci'tcd had faded, and it was not until this had to the production of nitrite. If, however, 
been effected by Winogradsky (Ann. Inst. Fas- nitrate production is once well established, 
tour, 1890, 4, 213 : arlich- in J..afar, I’et-hnischo , further iwlditions of ammonia are completely 
Mykologie. UMH, iii. 1.32-IHl), and almost simul- convcrbal into nitrate. Similar conditions 
taneourtly by Wurington (-sre (’hem. 8oc. 3’rans. ■ prevail in the nitrification of sewage, which is 
1898,484), that tlic true conditions of the process apparently effected by the same organisms as 
won^ discovered. The bacillococcus possessed are found in the sod ((Uiick, Froc. Roy. Soo. 
of nitrifying power whieh was described hy F. 1008, B, 77, 241). 

and G. Frankland (Froc. Roy. Soe. iHfK), 47) j Another remarkable feature of theao 
wiw subsequently found not to be a pure culture, organisms is their mode of carbon assimilation. 
Winogradsky, convinced that the presence of Organic carbon not only cannot be assimilated 
OTganic matter was detrimental to the develop- by them, but actively innibits their development 
ment of the organism, inoculated with earth a in culture solutions, compounds such as ^uoose 
solution containing only 1 per mille of ammonium and pejitono totally inhibiting nitrosifioation in 
sulphate and of potassium phosphate, together concentrations of 0*2 p.c. and nitrification in 
with some solid basic inagneaium carbonate, concentrations of 0 ' 2 r > p.c. (glucose), and 1‘26 p.c. 
and by rejKjated sub-cultivations succeeded in (peptone), end behaving, therefore, in tWa 
obtaining strong nitrification in a»liquid almost ro-spect like powerful antiseptics. It was this 
nree from oiganisms capable of growing on the property which rendered the isolation and 
•rdinary solid media. The principle involved artificial culture of these ojganismw so difficult, 
is that of selective culture, only tliose organisms In the soil, however, these compounds are not 
surviving which can avail themselvea of the harmful, and even aid the process of oxidation 
very limited supply of nourishment, provided. (Coleman, Centr. Ifokt. J‘ar. 1908, ii. 20, 401). 
The deposit of magnesium carbonate in such solu- The solo source of carbon for both claves of 
tions was observed ti) b(‘ covered with gelatinous organism ajypears to be carbon dioxide, derived 
masses of the nitrifying organism, and when this from carbonates by the nitrosifying orgimlsm, 
was Spread on gelatin, it was found that many and from bicarbqpatos by the nitrifying 
partidos produced no growth whatever, and organisim I’he energy necessary for the r^oc- 
wer© therefore free from all qfdinory s oil or gan- tion of carbon dioxide to assimilable compounds 
isms. Some of these, when removed is apparently provided by the oxidation of 

in the culture fluid, produced active nitrification, ammonia or nitrite, and a fixed rotlo exhits 
ana a growth in which no foreign oi^anisms between the amounts of carbon assimilated uid 
could be detected. It was subsequently found ammonia nitrite oxidised. Thus the nftro* 
Winogradsky that this onanism was only sifying organism oxidises 35*4 ]}arte of nitre^ep 
W 2 ^bie of converting ammonia into nitrite, end as ammonia for I part of carbon assimilated 
that the final stage of the oxidation to nitrate (Winogradsky). 

was ^ected bf a s«5ond oiganism, whicb was Thestudy of themorpholiwcalchar%ct€af«to 
isolated (1891) in a similar manner, by repeattxl of the organisms of thi s hig hly imporUmt group 
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has been gi'eatly aided by the discovery of Bolid , of sulphur bacteria arc known, the iboat ip- 
media on which cultivations can be made.! portantr being Beggiatoa and ThiothriXt which 
Winogradsky firet introduced a jelly of silica | form long threads, and arc regarded by some 
saturated with the culture fluid, and Omelianski authors as intermediate between the bacteria 
has successfully used ))lat(« made of gypsum and algee. In addition to these, a lai^e num^ 
and 1 p.c. of inagiussiuin carbonate, and even of others have been deacribed, many of which 
discs or strijw pf filter paper. More convenient' are characteriKcd l)y tlio producxion of a red 
are the agar jdiites introduced by Bcyorinck , colouring matter known as bactoriopurpurin 
((’ont. Bakt. Bar. ii. IbHO, 19, 26H). The agur- (Ray Lankester). 

water jelly is allowc<l to stand for about a ' Auotrher grouj) of bacteria is known, the 
fortnight under waU^r. Bermentation Occurs, species of wliioh bring about the oxidation of 
accompanied by tlie tk^coiaposition of all the ferrous hydfog(‘n carbemate; to ferric hydroxide 
compimndH which inhibit the growtli of the In chalybeate waters. Tli (.*80 organisms, which, 
nitrifying organisins. The agar is then washed, like the sulphur ba(d-eiia, form long threads, ore 
mixed with the eulture medium and a little also closely allied to tlie algas and belong to 
chalk, and Ibrnllv sierilised. the genera Cnnothnx, Cladvlhrix, Streflotfmx, 

The exact relations of tlie various orgaiiisitis &c. 'J’hey arc also able to effect the oxidation 
which have been isolated are still unknown. 'I'Jic , of manganese salts, and the lesultiug oxides 
general ixjsult is that si'voral nitrosifymg are apparently depo-sited in the gelatinous 
organisms have been obtained from diflercnt nieinbraiie of the ceil (Molisirh, quoted by 
regions, whereas Jiithcrto only one nitrifying Hulltnann, Lafar, in ). 

organism has been found. The nit.rofiifying Other groufis of liacteriu are able to play the 
organism is termed 1i. (Winog.), 1 j jiart of platinum Idaek in bringing about the 

and N. The forms of the Weal European variety oxidation of hydrogen (Lebedev, Biocbein. 
are oval bacilli (1 X l■2"l•8>t), which jiroduce Zoitsi’h. 1007, 7, 1; JA'bedov anil Nabokich, 
aoogloea in fluid moilia, and brown colonies on (>ntr. Bakt. l^ar. ii. 190(». 17, 350; Niklewski, 
solid media ; t hese break up after some t iiiio into Oentr. Bakt. J*ar. ii. 1907, 21. 380), whilst others 
motile forms. The organism from BuiU*nzorg in can effect the oxidation of marsh gas (if. me- 
Java, on the other liand, is a minute niierocoeeus ihankutt, Sohngen, Broe. K. Akad. Weteiisch. 
0'6-0'6/i in diameter, and that from (^nito a large Amsterdam, 8, 327), and an organism has 
eoociis l-5~l-7g in diamelt'r, which does not form been described by Beyennck (Centr. Bakt. Bar. 
zooglma. The organism from tJa])un closely n. lt)09, 25, 30) which i^an bring about reaction 
roserables the Eurojican variety. Hitlierto only between nitrous oxide and hydrogen, and 
one variety of tins organism has been obtained obtain its carbon from carbon dioxide by the 
in any one district. aid of the energy thus liberated. ^ 

if. uiirdMcUr (Wmog ). 1... and N.. which con¬ 
verts nitrites into nitnites. is a bacillus J xO-3- L k J^KMKNTATlo^s by Ria)U(.’TjoN and 
0'4g, possesses a gelatinous (lapsule, and never Dboxidatiok. 

forms motile cells. Jt grows very slowly on agar, (a) Reduction. The decomposition of a 
forming almost colourli'ss, drop-like colonk's. molecule of a carbon compound into two 
(c) Other oxidising effects produced by or more smaller molecules, some of which arc 
bacteria. Oxidation of sulphuretted hydrogen, relatively more oxidised and others relatively 
ferrous oxide, hydrogen, and methane. Very ‘ more reduced, is, as we have seen, a common 
special interest' attaches to the action of bacUTia feature of many fermentations by docomposi- 
in bringing almut the oxidation of sulphuretted tion. A typical example is afforded by the 
hydrogen. I’his process is comparable wit-li the alcoliolic fermentation of sugar, which results 
nitrification of arninoiim, inasmucli as it has the m the formation of carbon dioxide on the one 
effect of converting sulphuretted liydrogen, a hand, and alcohol on the other. The deconmosi* 
direct product, of the jmtivfaction of proteins, tion sometimes results in the production oi free 
into sulphak^, from winch plants are able to hydre^en, ancl when tliis occurs in the prosonoe 
supply tnomselves with the sulphur essential for of reducible substances, reduction often takes 
their growth. place. Of th^s secondary character are the 

Early observei's noted the occurrence ol reduction by B. coU communis of nitrates to 
oharaotoristio micro-organisms in sulphur wells, nitrites in presence of sodium formate (Bake# 
and the presence of granules of sulphur within and JolIyman,(^hem. Soc. Trans. 1901,459), and 
their cells (1870-1875), but it is to the researches of asparac acid in presence of glucose to am- 
of Winogradsky that we owe, in the main, our monium succinate (Harden, ibid. 1901, 612), the 
present knowledge of the sulphur baittcria. The reduction being effected by the hydrogen pro- 
oxidation of sulphuretted hydrogen is effected duced from the formate and glucose reepectii^y, 
in two stages. The first product, is free sulphur. Many similar cases are known, especially among 
which w deposited in the«.cell in the form of mixed fermentations {see Sohngen, Rec. trav. 
soft spherical granules of amorphous* sulphur. • chim. 1910, 29, 238). In other cases the reducing 
In the presence of abundance of sulphuretted action of Jbacteria exercised directly upon the 
hydrogen, the cell l>etiomo8 crowded with these ■ reduc?SJ“compound, and results either in the 
particles. The second stage consists in the direct remove of oxygen or the addition of 
oxidarion of this sulpliur to form sulphuric acid, hydrewen. In the former ca^ the oxygen 
which neutralises the carbonates prelent in the i probably goes to produce ^y8ioi<^oal oXioa- 
aoU to fom sulphate. It seems probable th^t' tion in the bacterial cell. Thus many aerobic 
these organisms derive the whofe of Jibrir carbon organisms can ^w in the absence of free 
from carbon dioxi^, the eneroy peoessary for oxyg^, |anvidea that nitrates ^ added to 
its <^oi9|)OBitiofl being derived from the oxida* | memum, and these ue th<iffe1^%mveited hVto 
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I90l» 322; Bitter/<Jentr. Bftkt. Par. ii. 1907-B, amount of nitric oxide that brown fumes are 
20, 21). * seen when air ia led into the flaak (Lebedev, 

The bacterial reduction of aulphatea, thio- A. J., Ber. deutech. bot. Gee. 1911, 29, 327). 
sulphates, and Bulpliitea to sulphuretted hydrogen Finally, in many cases, the reducing action 
is probably due to a similar action (Beyerinck, of bactena on nitrates proceeds as far as the 
i6ia. 1896, 1, 1). production of free nitrogen. This phenomenon. 

The direct addition of hydrogen by bacteria since it was first attributed to bacterial action 
to certain colouring matters is a well-rocognisod by Gayon and Dvipetit in 1882 (Compt. rend, 
phonomonon. Thus many organisms readily 1882, 95, 604), has been the subject of numero^ 
reduce methylene blue to the Icuco-compound, investigation^, on account of its importance in 
not only when grown in its pi’cseiice, but also ogrictWture, since it may occur both in soil and 
when the organisms arc susjjcnded in a solution in manure. It has been conclusively estab- 
of the colouring matter. 'J’lic same effect is lishod that, in presence of suitable carbonaceous 
produced by dry sterile prcjiaratitnw obtained nutriment, nitrates arc readily docompc«ed in 
by treating the* bactena with acetone, and is this way by many bacteria, especially in the 
ascribed to the action of a specific reducing absence or scarcity of oxygon. Jensen has shown 
enzyme or reducuse, which beconuw inactive {('entr. Bakt. Par. ii. 1897, 3, 622; 1898,4,401) 
at about 60° (Oathcart and Hahn, Arcli. Hyg. iliat in tlieso cases the oxygen of the nitrate is 
1902, 44, 295). The ehemistiy of the proce.s8 utilised for the oxidation of the organic matter, 
has already ^ion discussed under the heading and that the ])ro8cnce of free oxygen greatly 
of JteduciiKj cuzymts. diminislies the extent of the denitrification. It 

(6) Denitrification. One of the best-studied seems probable that tlie ‘ nitrogen ’ estimated by 
instances of deoxidation by btveteria is the the older olwcrvers was really a mixture of 
jirocoss of denitrification, wluiroby nitraU's are nitrogen and nitrous oxide, 
reduced t-o oxides of nitrogen, free nitrogen, and T)ic serious loss of nitrogen which oceuiu 
ammonia. 'I’lio power pos8es.s(id by many in inaimro heaj:ts, and may amount to as much 

bacteria of reducing nitrates to nitrites was a.s 25 p.c. of the total nitrogen in three months, 

oteervod as early as 1875 (Meusel), and lias been or 50 p.c. in nine months, has been investigated 

investigak^d by many authoi’s since that dale by many authonj (sec Kussell and Richards, 
(Frankmnd, (3iom. Nows, 1888, 57, 89 ; Waring- J. Agri. Sci. 1017, 8, 495, where the Uteratuip 
ton. ibid. 1888, .57, 246; Maasen, Arbeit. K. is quoted). The phenomenon defends on the 
Gosund-Amt. 15M)1, 18, 21 ; (inmbert , Aim. Inst, alternation of aerooio and anaerobic conditions, 
Pasteur, 1899, 13. li? ; Franzen and Lohmann, and may possibly bo due to bacterial oxidation 
Zeitsch. jiiiysiol. (Ihom. 1909, 63, 52). The of the nitrogenous matter to nitrate, followed 

reduction to nitrite occurs in nitrate broth, is by denitrification. It has not, however, been 
accompanlW. by the evolution of carbon dioxide, proved that this is the actual course of events, 
and, as mentioned above, is probably duc5 to and Russell and Richards consider that the 
direct deoxidation, as it is effected by many jirocess may be exj>laine<l by the supposition 
bacteria which do not produce free hydrogen, that under anaerobic conditions a change is 
The production of ammonia from nitrates is effected by bacterial action which leaves some 
also apparently a common property of bactena, of the nitrogen compounds present in such a 
but the relations in this case have not lieen so condition that subsequent oxidation decomposes 
clearly eetablisliod as in that of nitrite. The them with evolution of nitrogen. A similar loss 
evolution of oxides of nitrogen from a fermenting of nitrogen occurs in the filtration of sewage, 
liquid was observed by Dubrunfaut (1868), in | Putrefaction. Decomposition of amlno-aoldi. 
the case of fermenting molasses ; but th(? tiroduc- * The term ‘ putrefaction ’ is usually applied to 
tionof the oxides was ascribed to purely chemical ; the decomposition which is set up by oacteria 
causes. Since that time, however, the produc- i in animal and vegetable remains at the ordiMJPy 
tion of nitrous and nitric oxides from nitrites by , temperature, and which is accompanied by the 
bacteria has been frequently obseiVed in mixed ' production of malodorous compounds and 
fermentations. With pure cultures the phono- | gases. The chief source of those is the protein 
menou is much less common, but an organism ! matter of the organism, so that the charaoteriatio 
known as J5. denitri^mna (Stutzer and Burn), feature of putrefaction is the bacterial decom* 
^•rhich is however probably identical with if. position of proteins. The proceM conaists 
pyocyanma (Fliigge), baa been described, which chemically in a hydrolysis of the proteiiw into 
ordi^rily reduces nitrates to nitrogen, but in simpler molecules, followed or accompanied by 
presence of asparagine produces nitric oxide the decomposition pf these, yielding, according 
(Gayon and Dupetit, Chem. Soc. Abslr. 1886, to circumstances, highly oxidised substances or 
823). Another organism, B. nilroxua (Bey. and a series of reduction^^jirodiicte. In the prei^nce 
Mink.), is chiefly responsible, according to of an abundant supply of oxygen, the prooett 
Beyerinck and Minkmann (Centr. Bakt. Par. continues until the^ final products arc carbon 
ii. 1909, 26; 30) for the almost universe occur- dioxide, • water, ammonia, and ^neral 
renoe of nitrous oxide in the ^{jEises prod uced when j^hereas in a limited supply or in a^nce of 
soil is added to nitrate brmh. ^ Vlgilous ia oxygen, a whole series of com^unds is formed 
this process that a stream of gus may be obtained , comprising bases, a<-i(K volatile sulphur com* 
cemt^ing 80 p.c. of nitrous oxide, and capable j pounds, &c.; and this is tlio charocto^c 
vehghtiQg a glowing splint, jff. pyoci/aneua, B. phenomeilbn known a« jiutrefaction. 

StiUzeri (L. and N.), and if. dcnitrificana (Bey. | chemical changes are produced when j^te^ 
ax^ Mink.), all produce nitrous oxide from j are fused with caustic alkalis at 260® (Oaaxticr 
nitrates. On the ^her hand, B. Harile&u, undi« ; and ^mpt. rend. 1882, 94,1367). 
Mw^iobio condjlioDfi, produces from a laikrate j The immediate ori^u of the pmunte of 
a tartrate o^ li^tate such a oonsideoable putrefaction is khen to oe sought hi the vaxkrtu 
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products of iiydrolyaia of the proteina. These j 
oonaiat, an js well known, chiefly of amino- | 
aoids, diaminu-ocida, hucIi ae arginine and lysine, l 
and a number of other compounds. As of j 
special irnportunc(“. may be mentioned histidine, , 
or 3-iimnazole-a-aminopropionic acid {a-amino* j 
^-glyoxaliIH••4 (or r))-propionic acid), trypto- ; 
phanorindole-a-aininopropionie acid, and cystine 1 
(COOH'CH(NKa)-(;H/K)3. 

The amino-ac.jds undergo decomposition in 
at least two different ways. Jn the tirnt^place, 
the amino group may l»e removed by rtxbiction 
(deaminisation), yi(!lding the corresponding fatty 
acid (eciuation «), whicli thoii either undergoes 
oxidation (equation h), yielding a lower acid or 
simply loses carbon dioxide (e(|uation c); 
(«)KCH(NH..)<!U()H+2n=-KCH,<!<H)H+NH3 
(6) ROHj COOH f 30- H f’OOH i H,()-}(’(), 

(c) RCHaCOOH-lU’dlj+COa 

Thus leiicint' {(:il;,)•/ ^H'('R - (Tl(N)()H 
yhilds valiTie aeid, and it is probable tliai : 
formi(?, acotic, profnonic, butyric, and ca]>roic > 
acids, which are all j)re8ent in (he products of 
putrc'faction, are formed in a similar way. 

Of special interest arc tlie prodm-ts obtained ' 
in this way from tryfitojihan, a suhstance 
which was dis<'ovcR-d by Hopkins and Cole 
(fl. J’iiysiol. 1902, 27, 418), among ilie products 
of hydrolysis of jirotcins by trypsin, and wliicli 
is tlie mother substance of the various indole 
derivatives to wliich the characteristic odour of 
fg-'ces is largely dm;. Tryptojihan has been 
found by Kllinger (Her. 1907, 40, 3029) to be 
indolc-o-aminopropi<.)im^ acid, of the formula 

NH<^(«„*\!tir2(;H(NHj)-COOH 

and ia decomposed by iiiitrcfaction in the manner 
doscrilied above, yielding successively inflole- 
propionio acid CgHnN'CH 2 ‘('H.^'COOH, indoic- 
acotic acid CgHflN‘(‘Hjt‘(X)OH, and indole 
A certain amount of skatole or a- 

mothylindole tXJHj is also formed, 

probably by a reaction of the type (c) given 
above. By similar reactions pncnylalanine 
C,H6 <-Hj*C5 H(NH2)'CO()H yields suceciftively 
phenylpropionic acid, phcnylacctic acid, and 
benzoic acid, whilst tyrosine, or p-liydroxy- 
phenylaminopropionic acid 

OHCaH4CH2CH(NH2)-COOH 
is converted into p-hydroxyphenyipropionic acid 
(hydroparacumarie acid, Baumann, 1879), p- 
hydroxyphenylacctie acid (Salkowski, E. and 
H., Ber. 1879, 12, 648 j 1880, 13, 189, 2217), 
p-cresol, p-hydroxybenzoic a^id, and phenol. Jn 
on abundant supply of oxygen even these simple 
aromatic compounds are completely oxidised; 
thus a bacillus has been isolated which in pure 
culture rea^y oxidises dilute solutions of phenol 
(Fowler, Ardem, and Lockbtt, Proc. Roy. Soc. 
B, 1910, 83. 149). 

Succinic acid, which is always formed id 
putrefaction, ia probably derived from aspartic 
acid (:()()l{‘CHj CH(Nria)-COOH by reduction 
(Salkowski). i 

^ It is not improbable that this type of decom¬ 
position of the amino-acids may be accompanied 


feature of which is, that the amjno group is 
removed with formation of a koto'acid, wnich 
then undergoes further decomposition. 

A second extremely important mode of 
decomposition of the amino-acids, diamino- 
acids, &e., during putrefaction, is the simple 
elimination of carbon dioxide, loading to the 
formation of bases (decarboxylation): 

(fl) n‘(:!H{Nlf,)*C()()H = R (;H. NK2+('02 
(c) NU,(Ul..rH,CH./(;il(NH2)(XK)H 

lysfue. "-NH 2 K'ff 2 ]'r<-’Ri!'NH,+C 02 
Cadaverine. 

Many bases Iiavc been isolated from putrefy¬ 
ing mixtures, and great importance is to be 
attached to tlieir formation, inasmuch as several 
of them have a very marked physiological action, 
'riio observation that putrefying flesh may con¬ 
tain poisonous basic substances, liable to ho con¬ 
fused with the vegetahle alkaloids, was made by 
Seinii (1872), wlio gave to tliese bases of animal 
origin lli(* nanu' ptomaines (7rT«y«, a eorjise), 
anti they were tlien more thoroughly investigated 
by Brioger. It was at first thouglit that the 
poisonous products whudi result from the 
; action of haeU'riu on various culture media and 
on meat, fish, Siv , wt'rc also members of this 
class, and the. effect of pathogenic bacteria on 
the living organism was ascribed to the produc¬ 
tion of thc.s(‘ same snbstanci* m the system, 
a view to wlncli the term ‘ ptomaine-poisoning,’ 
still erroneously applied to case of meat- 
' poisoning, &c., gives expressnin. It has now 
however, been found 'that the characteristic 
' and Bj)eciiic jioisons produced by bacteria arc 
probably much more complex in llio# structure, 
and bcUmg more probably to the class of proteins 
than to that of the ptomaines. They arc termed 
; toxins or hactonal toxins, and are distinguished 
as ectotoxins, which pass out of the bacterial cell 
into tlio surrounding medium (as do diphtheria 
toxin and tetanus toxin), and endotoxins, wliicli 
are retained within the cell, but appear to pass 
' out of it after death (typhoid toxin, &c.). 

Tho origin of many of the simple mono- and 
di-aeid bases which occur in putrefaction can 
be traced to the corresponding amino acids, 

1 among these being /soamylammc derived from 
leucine, phenylethylamine derived from phenyl¬ 
alanine, p-h"ydroxyphonylethylamine derived 
from tyrosine, and i3-iminazulylothylamino 
i NH—OH. 

(histamine) I ^ derived 

OH — W p 

from histidine, all of which have a very marked 
: effect in raisinK the blood pressure, or in other 
ways, and are of physiologicw importance because 
they are in all probability formed in the intestine 
and absorbed (Barger and Walpole, J. physiol. 

I 1909, 38, 343; Barger and Bale, ifciW, 1910, 41, 
19, 499). Bacteria capable of decomposing histi¬ 
dine in this way have actually b^n isolated 
I from the intestine (Mcllanby and Twort, J. 
Phy8i^,i912, 45, 53 ; Berthelot and Bertrand, 
Compr i-end. 1912, 154, 1643, 1826). Of the 
diamino-bases isolated by Briegor may be 
I mentioned etbylenediamine 
1 putrcscinc or tetrametliylenediamino 
NH.lCHaL-NH, 

! derived from arginine, cadaverine or peata- 
i methylfenediamine derived fro^j^ lysine (equa- 
I tinn kV .u ^ 
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Id addition to those, triniethylaniine, choline 
CH 2 (OH)’CH*‘N(CH 3 )a()H, muscarine 
CH(OH)/’H2-N(OH3)aOH 
and neurino (’H 2 ;CH N(CH 3 )jOH, ol which the 
last two are highly poisonous, all occur, probably 
derived not from proteins, but from lecithin and 
its allies, which yiehl, on hydrolysis, glycerol* 
phosphoric acid, fatty acids*, amino-ethyl 
alcohol, and choline. 

Finally, an invariable ))roduct of the action 
of bacteria on proteins is aniinoma, formed 
either by roduetjon of amino-aeids as explained 
above, or by tlnur oxidation. This bacterial 
production o^ ammonia {ammonification) is a pro¬ 
cess of fundamental importance in the soil, sineo, 
as alix'adv described, anuuonia serves as the raw 
material ^^or the production of nitrate. According 
to Marohal (Chem. iSoe. Abstr. J8b4, ii. 248), a 
largo number of bacteria arc concerned in the 
prowws, the most active, among them being 
B. mycoidcs. 

in the decomjiosition of hiKtidine, which 
contains nitrogen noth in the irnina/.ole nneleus 
and in the side chum, amnmma is produci'd 
from both sourecK by tin* aerobic action of 
many bacteria {H. jxiraiyphi'iHs, ,( an<l //. 

alcaltyrnc.'i, H. pyoryaiK Us), wlu^rvas H. 
vnigarif {prolf:ti,'<) only attac-hs the sjth* ciiain 
(Raistrick, Biochern. J. 19111, 4, 449). Maiiv 
bacteria of the coli-typiiosus group yiehl with 
histidine 0^11 aN. 3 -CJI j’t di{N H 2 ) (!0( )H, the 
unsaturated urocanic acid 

CaHaNaCHiClItmiH 

formed possibly by direct eliminatiun of NHj 
and H froili the side chain (Haistrick, Bioe.hcm. 
J. 1917, 11, 71). 

The gases evolved consist of carbon dioxide, 
hydrogen, and sometimes methane, nitrogen, 
and sulphuretted hydrogen. Some of the sulphur 
of the proteins is converted into inothylmer- 
captan (Nencki), and traces f)f many other 
sulphur compounds are formed, these being the 
main cause of the charack»ri»tic smell. The 
phosphorus is chiefly converted into pho.sphate, 
the evolution of phosphine alleged by some 
obe<!rvera being doubtful. 

The organisms which bring about these 
characteristic changes arc very numf^rous. 
Usually many different organisms are present, 
and there seems little doubt that in some cases 
the various stages of decomposition are effected 
by different species of bacteria. Reference has 
vready been made to the effect of the preHcnoo 
or absence of air, but this affects not only the 
chemical changes jirodueed, but also the nature 
of the bacterial flora. In a free supply of air 
the organisms are mainly aerobic, wnereas in a 
limited supply anaerobic organisms are chiefly 
present. Freiiuently the surface of the putrefy¬ 
ing mass ia occupied by aerobic organisms, and j 
th^ use up the oxygen, and provide suitable | 
conditions for the dovelophient of anaerobes? at ! 
a lower stratum. It appears also the j 

primary proteins are directly attacked aiul ; 
digested by one group of organisms, those whirli ; 
produce an ecto*proteoclastic enzyme, whilst a 
s^ond group pouessing insolubib endo-proteo- ! 
olaskc enzymes, ia only able to decompose the j 
sim^r products forint by this hydrolysis. ( 
Of the actuat organisms which are usually ! 
jwwent there may m mentioned B. vulgaris ' 


(L. and N.) (formerly known as 'proleuft)^ B* 
fiuorescens liquefacicnst B. mesentericus (L. and 
N.), all of which attack and d^est albumins. 
( B. sporogencs (Metchnikoff) and B. histt^ytievs 
! (Weinberg and S6guin), which have been found 
I in infected wounmi, both attack proteins with 
j the production of large amounts 01 amino-aoids, 
I whilst the latter fonns both gas and volatile 
' acids from meat (Wolf and Harris, J. Path. 
Bact. 1907,21,38(1; 1918,22,1). The organism 
. formOHy known as B. (Hienstock) end 

regarded as one of the most chanicteristio putre¬ 
factive organisms is probably a mixture of the 
twoBporing anerobes, B. 'iporogenem (Mctch.)and 
B. cocHenrtus (Douglas, Iteming and Colebook), 
Belonging to the second group, which only dccom- 
' pose simpler jiroteins, are B. coti cwnwwnw and 
, its allies, the ejiaractcristic bacilli of the large 
intestine, many of which produce indole and 
uidole-ucetic avid, B. proHgiosus (Fliigge), 
Slreplococcus pyogenett (Kosenbacli), &c. In any 
lartivuhir case the flora is largely conditioned 
)y Iho exact natun* of the jmtix'fying material, 
HO that meat, fish, milk, eggs, &c., all have their 
characteristic organisms and modes of decompo¬ 
sition. 

Fichmkntation.s I'RonvH'ED nv Moulds. 

A number of moulds, especially belonging 
to the families Aspcrgillaceoi and MucoraccoSt 
are distinguished by producing definite chemical 
changes of a fermoatativo character, some of 
them by the aeiTction of soluble enzymes, and 
others by means of endoenzymes. 

Alcoholic fermentation. The power of pro¬ 
ducing alcoholic fermentation ia common to a 
large number of the MucoractiB, but is only 
possoised to any considerable extent by a single 
species of the Anpcrgillaccce. Alkschm'a Qayoni 
(Saccardo and Sydow = Kurotiopaia Gayontt 
<'osi.) apjx'aiK to bo capable of producing a 
typi(;al alcoliolie fermentation of glucose, 
Isevulosc, maltose, and lactose, producing as 
much as 8 p.c. of alcohol in the medium, and 
I forming glycerol and succinic acid in a similar 
I manner to yoaat. 

i The alcoholic fermentation produced by 
I many species of Afwcor has long been a subject 
; of interest. When the mycelium of M.racmwsua 
\ (Fres.), for example, is submerged in a nutrient 
i medium containing sugar, alcoholic fermentation 
, occurs, and at the same time the mycelium 
I breaks up into spherical cells, which continue 
j to grow by budding, and have hence been term^ 

' spherical yeast. The opinion has been held at 
' various times that these cells were true yeasts, 

! and moreover that yeast had a similar origin. 

' The first statement has now been definitely 
disproved, and no satisfactory evidence ezisM 
in favour of the second It was further thought 
that when growing ^n the normal maimer on 
the suiface of the liquid, the mneor had only 
the power of oxidising the glucose, but that whem 
submerged and thus doig;ived of a free supply 
of air, it became able to ferment it (PastenrjL 
It has, however, been established by the work 
of Wehme#(C«ntr. Bakt, Par. ii. 1906, 14, $fte, 
15, 8) and Kostytschev {ibi'I. 19(^, 13, ^04 
that the mould produces just as mucdi idoohol 
in presence ^f a free supply of air as when 
submerged, and that the commmicejnent of 
alcoholic fennentation and the prodnetion of 
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Bphohcal yeast cella are not causally conoeoted. 
A very largo number of Bpecies of Mucor and 
Bhizopua have kicn carefully exammed to 
their power of i>roducing alcohol and fermenting 
tho polwacchai’idca {f^ec Wehrnor, article in 
Lafar, Technwche Mykologic, iv. 517). 

Production of diastase. Some epecioH of 
Ihoao two fanulioH produce hucK largo amounia 
of diastatic enzyme that tljcy have been cm- 
jjh)yed both iiKluatrially and domeatically for 
tho Hoccharilication of atarch, and a considerable 
number, if not all of them, i>roduce a certain i 
amount of thia enzyme. i 

Mttc.or rffuxit (<'alm.), Wehmer {AinifUmycc.H j 
rniixii), was isolated by <'abu(d.te from ('Jiincsc 
yeast, aUd is employed in pure* culture for | 
.converting tho Btareii m a sU*nlised distillery ! 
wash into sugar, which is then fermented by a ; 
puro culture of yeast and ilistilled. (*SVe {%ap- | 
man, {'antor ixjcturoH. 1!)21.) i 

Asp^rgilln'i cryza' (Alilbuig), C<‘hii, 1ms long 
been employed iu Japan foi- the preparation ot 
Bak6 from rice, and of tiic soya sauce from the 
Boya bean. The diastase of this organism, known 
as takadiastase, acts on starch much inon; 
energoticully than umlt (iiastase. 

The oxalic acid fermentation. A very 
remarkable iimtaiico of oxidative fermeiitatjon i 
is afforded by Aftpi'ryillutt niyer (van 'Pieghem) | 
{Sterigmaiocydis mt/ra), which eonvmis glucose i 
into oxalic a<-id. Wlien tins mould is grown on 
a nutrient .solutitui ciuilaining glucose at 15 '’ -20 ', 1 
free oxalic acid is produced, the acidity iiicri'ases i 
up to a luaxuuunu and then gradually diminishes j 
and finally disajijK>aj-s. Jf, however, calcium ! 
carbonate or an alkahno jihosphato be addm!, i 
the oxalic acid accumulates, either as insoluble | 
calcium oxalaU; or as an acid oxalate. In this | 
way, for example. 15 graniH glucose yielded i 
1*05 grams of oxalic acid in tho form of calcium ' 
oxalate, whereas in tho absence of chalk tlie 
maximum amount was 0*208 gram. The ! 
complete eonverBion of all the carbon of the i 
glucose into oxalic acid would yield about 
2’25 graiiiH, so that the yield is a}>proximutely 
60 p.c., tile remainder of the glucose being 
presumably used for tlio needs of the organism 
(Wehmer, Ber. Bot. 1801. 0, 223, 163; Bot. 
Zeit. 1891, 49, 233; Aiinalon, 1892, 269, 383). 
As regards the lueehaniBin of tliis action, 
liaistriok and Clark (Biochein. J. 1919, 14, 329) 
have found that oxalic acid is freely j>rodueed 
by this organism from succinic, fumaric. malic, 
and tartaric acidK, and from acetic acid, but 
not from monobasic acids containing four atoms j 
of carbon, from three-carbon acids or from 
glyoollio, glyoxylic, or formic acids. They con- 
olude that the oxalic acid is in part produced 
by oxidation of acetic acid formed from tho 
sugar with intermediate production first of 
^.d'diketoadipio acid , 

COOH C(OH): CH'C(OH): CH CWOH 
which then yields acetic acid and oxalacetic I 
aci^ COQH'CH:C((MI) C:;OOH, tho latter of j 
which onde^oes hydrolysis to oxalic and acetic ; 
acids. Many species of PeniciUium pr^uco small 
amounts of oxalic acid, and one ot them, P. 
^Ucum (Thom), which occum on mouldy com, 
^ves yields almost ociual to thgso obtained 
horn A. niger^ producing the acich readily from 
both gliRose and starch (Currie and Thom, J. 
BiolvCIwm. 1915, 22, 287). 


The oitrie acid fermentation. Whereas Asper- 
giUiia niger produces oxalic acid from glucose, 
other membenj of the AspergiUacecR, Vitromycei 
PJefferianvs and V. Glahar, described by Wehmer; 
and C. citricus, C. tnrUiricus, and C. oxaiicuA, 
described by Mazd and Terrier (Compt. rend. 
1904, 139, 311; Ann. Inst. Pasteur, 1904, l8, 
653), convert this sugar into citric acid. Accord¬ 
ing to ('urrio, however (•>. Biol. ('hem. 1917, 31, 
15), citric acid is also formed by A. niger, and 
is in this case to be regarded as an intermediate 
stage in tin* forniatioii of oxalic acid, which is 
readily jiroduced by this organism from citric 
acid. Webmrr states that as in tho case of 
oxalic aci<l, the citric acid is further oxidised 
if it be allowed to remain in tli(‘ free state in 
tho presence of tlui organisms, but aecuinulat<» 
when it is converted into a salt by the addition 
of calcium earbonate. ('urnc, however, using 
.(. niyir, has found that the best yield of citric 
acid is obtained by growing the mould in an 
acid S( il lit ion (I - - 3 *4 -3 5) containing ammonium 
nitrate as tho source of nitrogen. Under these 
circumstances the production of citric acid may 
amount to 66 p.i^. of the saecharose employo(i, 
the acidity of the solution increasing until a 
Pj, of 1‘46 IS reached. In prc'scnce of calcium 
caiboiiate about lialf tho sugar can bo con¬ 
verted into citric acid; thus, Buchner and 
Wustcafeld (Hiocliem. Zeitseh. 1909, 17, 395), 
working with 6'. rtVneas found that the maximum 
amount of citric acid produced amounted to 
56 p.c. of the sugar. A Wgo amount of carbon 
dioxide was simultaneously evolved, correspond¬ 
ing in various cxponnicntH to tho oxidation of 
48-77 ji.e.. of tho sugar, tho citric acid in the 
same experiments amounting to 33-38 p.(!. of 
the sugar, and the now growth of mould to 
5-31 p.c. of the sugar. Tho characteristic 
formation of citric acid could not bo obtained 
with press juice nor with acetone preparations 
of the mycciium. Citric acid is also formed from 
glycerol and from alcohol, as well as in small 
quantities in mcu6 from tho mycelium of the 
mould alone (Maze and Perrier). 

Maze and l^rrier regard the citric acid as a 
product of catabolism of the coll substance, 
induced by lack of nitrogen, and not as a true 
product of the oxidation of sugar; whereas 
Buchner and Wiistenfeld ascribe its formation 
to a process analogous to the production of 
parasoccharic’acid 

CHa(OH) CH<OH)C(OHKCO0H) CHa*CH8(OH) , 
from lactose by milk of lime (Kiltani). 

In their action on sugar and allied compounds 
the moulds differ very decidedly from the 
bacteria. Tho production of lactic, acetic, 
butyric, and formic acids, and the evolution of 
hyc^gen and carbon dioxide, which are charac¬ 
teristic of so many bacterial actions, are not 
observed among thq moulds. On the other 
hand^^ latter aie often capable of produc^ 
alcohmrc fermentation, are richly endowed with 
tho vaiious hydroij'tic euzyroi^, and, in some 
cases, produce comjiounds, which, like malie, 
oxalic, and cit]^o acids, are characteristic of the 
higher plants. 

Many other interesting chemical changes 
brought about 1^ moulds have been obserred, 
among which may be otentioned the production 
of fumario acid from jocose and fraotiM % ^ 
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Rhizopua nigricans (Ehrlich, Ber. 1911, 44, ' 
3737), and the conversloa of cinnamio acid into 
Btyrene by A. niger (Herzog and Ripke, Zeiteoh. 
physiol. Chein. 1908, 67, 43). 

Deoomposition ot amlno-aolds. The amino* 
aoida are very readily oxidised by many moulds, 
both by living cultures and by the lulled colls ' 
after treatment with acotonc. Xn some cases 
the action is selective, only the naturally- j 
occurring modification i>cing attacked (Herzog ' 
and Meier, Zeitscih. physiol. Ohem. 11)08, 57, 35 ; 
Prii^hcim, ibid. 1010, 05, 00). 

Ehrlich has, however, observed (Bor. 1011,44, 
888 ) that in pie.scnce of sugar many fungi convert 
the amino-acids into the corresponding hydroxy- 
acids R 0H(NH,)’0O()H-> H*CH(()H) COOH 
and many amines into the corresponding alcohols 
(Ehrlich and PiRtschiinuka, Ber. 1012,45, 1000). 
He lias in this way, by tlio use of Oidium Uirlls 
(which can readily be isolatiKl from sour milk or 
oheese), been able to prepare the optically 
active hydroxy-acids corrcs|)oiuling wliii tyro¬ 
sine, phenylalanine, and tryjitophan, which had 
not previously been obtained. Some fungi 
(e.g. Monilia Candida) not only form the hydroxy- 
acid, but also act m a similar mann<‘i' yoiist 
and convert a portion of llie ammo-acid into 
an alcohol by cliinination ot ammonia and 
carbon dioxide. 

Urea, uric acid, and hiopuric acid are hydro¬ 
lysed by many moulds, the active agent being 
an enzyme present in the filtrates from cultures 
of the organisms (Kossowicz, Zcitsch. Uarungs- 
physiol. 1912, 1, 50, 121, 137 ; 2, 51). 

Auihoritiefi .—A very copious literature now 
exists on the subjects of fermentation, enzyme 
action, and chemical action of bacteria. 'J'hc 
chief works consulted in the preparation of the 
loregoing article, in addition to the original 
papers, are : 

Lafar, Technische Mykologio ((lustav Kischer, 
Jena), 4 vols., vol. v. in jnogress. 

Oppenheimer. Die Formente und Hire 
Wirkungen, 3 vols. (fjeipzig, F. 0. W. Vogel, 
1909-10). 

Oppenheimer, Handbuch dor Biochornic des 
Monschen und dor Ticro (Jena, Uustav Fischer). 

Buchner, H. and E., and Hahn. Die Zymase 
garui^ (Oldenbourg, Berlin, H)03). 

(Monographs on Biochemistry, Longmans, 
Green, & Co., London.) 

Armstrong, Tho Simple Oai-bohydratee and 
Gluoofiides. 

■ Baiger, The Siniplor Natural Bases. 

Hayliw, The Nature of Enzyme Action. 

Harden, Alcoholic Fermentation. 

Russell, Soil Conditions and Plant Growth. 

A. H. 

FERNANDINITE. A hydrous calcium vana¬ 
dyl vanadate CaO'VjO^'SVjOgjUHjO, forming 
oompaot masses of a d^-green colour or 
minutely crystallised in rectangular plates. It 
dissolves readily in acids to«u green g^ution, 
and Buffidently m cold water to give a^^llow 
solution. It occurs as an alteration product 
of patronite at Minasragra in Peru. L. J. S. 

FERONIA aUM V . (JuMS. 

FEROHUCLIN. Trade name for dry yeast 
ext ract. 

iVRilATSS V . Ibok. 

FBRBA1O0BX or IRRBIITOL. Syn. for 
ifim iMuiMiiAte. 


FSRRIG ACETATE v. Aosno aOid. 

FERRIC SALTS v. Ibon. 

FERRICHTHOL. Trade name for an ioh- 
thyol p^aration of iron. 

FERRiTE. This term has unfortunately 
several different meaning. To tlio chemist it 
implies a salt in which ferric oxide plays the 
part of an acid, for example, barium femte 
BaFe^O^. In a minoralogioal sense it was first 
applie^ by H. Vogelsang, in 1872, to an amor¬ 
phous iron hydroxide, of unknown composition, 
which, 08 rod and yellow particles, is present in 
many ])artial(y docoinjioBed igneous rocks. In 
this sense the term is much usc<i by certain 
petrologista for the patches of indefinite ferru¬ 
ginous altciAtion products seen under the 
microscope in thin sections of rocks. Tho samo * 
name has also been applied to ferruginous 
] 3 scudomorph 8 after olivine occurring in tho 
doleritio rocks of tlio neighbourhood of Glas* 
gow (M. F. llcddlo, Min. Mag, 1882, 1887). 

It liius also boon muoli used, by metallo- 
grapliors, following H. M. Howe (Tlie Metallurgy 
of Steel, 181K)), for pure metallic iron, which, 
together with iron carbide, &e., forms one of 
the microscopic constituents of iron and sic-el. 
Jjater, tho same name wius applied by V. I. 
Vernadsky, in Ids Russian 'IVeatise on Mineralogy 
(Potrograd, 1908), to native iron, for example, the 
tcirestrial iron from Uifak on Disco ^land, 
Greenland. L. J. S. 

FERRITE (v. . 11 /pm) the name given to the 
carbon-free constituent of stools. Usually it is 
nearly pum iron, but in special steels it may be 
an alloy of iron with silicon, chromium, tungsten, 
&c. Ferrite exists in throe forms: a*iron, 
stable up to 760“; fi-iron, stable between 7<W)® 
and 900® ; and 7 -iron, stable above 900®. Of 
these, 7 -iron is tho hardest (Howe, Motallo- 
graiddst, 1898, i. 259). The freezing-point of 
ferrite is 1505® (Carpenter, J. Iron and Steel 
Institute, 1908, iii. 290 ; Saklatwalla, ibid. ii. 92). 

Under tho mioroscopo ferrite is characterised 
by its softness, and the cubic structure revealed 
by deep etching with acids or cupric ammonium 
chloride (An^ws, Engineering, 1896, 88 ; 
Stead, J. Iron and Steel Institute, 1898, i. 146). 

FERRITUNGSTITE v. Tungstitb. 

FERROCHROME, FERROMANGANESE, 
FERROSIUCON, FERROTITANIUM, FERRO- 
TUNGSTEN, FERROVANADIUM v. Iron. 

FERROCYANIDES v. Cyanidb?. 

FERROPYRINE {Ferripyrine). Trade name 
for antipyrine ferric chloride. Obtained by the 
interaction of antipyrine and ferric chloride in 
aqueous solution. Used as an heomostatic and 
astri^ent. • 

FfiRROTYPE V. J^hotogbaphy. 

FERROUS ACETATE v . Acbtio acip. 

FERTILISERS or MANURES. Either of 
those terms might ptoperly bo applied to any 
material Added to the sou for the purpM© of 
increasing its fertility, and, in this seiwe, would 
be extended to include litne, chalk, mari, 
even clay and sand. In common practice, 
however, the term ‘ manure ’ or ‘ fertuiisep * is 
restricted to materials the main funcUon of 
which is to convoy directly to the soil some eoo-^ 
stituent or constituents of plant food, to the 
exclusion of those of which the fertilising aotion 
is mainly indirect, consisting in the improvement 
of the physical conditaoQ of the soil or the 
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dovelopment of its inherent or natural chemical 
roBouroes. The chief constituents of plant food 
which are naturally taken up from the soil arc 
nitrogen, jilioaphorus, sulphur, potassium, cal¬ 
cium, magnesium, and iron, together with the 
loss inijMirtant constituents silicon, chlorine, 
and 8(xliuni. A manuro or fertiliser, in the 
sense in which the t(;rm is ordinarily used, 
will always contain one or more of these sub- 
stanciw. 

Apart from ealcium—tiie supply of Vr^nch is 
necessary in special eases only- -nitrogen, 
|)h<wphoruB, and potassium are by l^ar tlie most 
important constituents to be applied as manure, 
as they arc those, in wliieh the sod is most 
generally dehcient. ♦ 

In nil ojlii'ient fertiliser tlie (umstituents 
must be in a eondilion suitable for immediate 
assimilation by tiu* jdant, or must bo eajiable of 
speedily acquiring this <-ondition after inixing 
with the soil. Waiiures or feriiliseis are sonn^- 
times elassiiiod as ‘ natural' and ‘ artiheial,’ but 
the dividing line is nut always easily drawn. In 
the pi*esent arti<'l(‘ we sliall brmtly consider the 
inncipal substaiuats einjiloyi'd us manures or 
ertiiisers, jjassing on to some observations as 
to thc^ general relative utility of some of them, 
and sliull then refer t.o the s]>eeiul methods , 
employed for tli<‘ir analysis. 

Farmyard manure. Farmyard manuic and 
stable manure are com]iosed of litter mixed with 
the excreta of animals. 1 ’ho litter in farmyards 
is usually straw, but tliis has lieen to n large 
and increasing extimt sujierseded in stables by ' 
dried and siu'eddod peat moss. Jn some parts 
of the country braeken is used for litter, and in ; 
hop distriets lioji-bine is tlius worked up into : 
manure. The eompositiou of the manure' 
depends initially to siuno extent on the nature 
of the litter, but to a. grcaU'.r extent on the 
length of lime llie liitc'r has been in use, the 
number and kind of animals littered on it, and 
the quantity and quality of the food consumed 
by thorn. Its final value—that is to say, its 
value at the time of its ajiplieation to the land 
—is also largely governed by the mode of 
‘ making,’ and the mode and duration of 
storage. Its valuable ctTcet on the soil may be 
said to be twofold. In virtue of the large 
quantity of bulky oiganie or carbonaceous 
matter that it eontains, it improves the 
physical condition of the soil, making ‘ heavy * 
soils more ' open,’ and ‘ light ’ soils more 
retentive. At tlio same time, it returns to the 
land th^ mineral matter and much of the 
uitre^on pivviously removed from it in the 
form of straw, as well as much of the nitrogen 
and most of the phosphoric acid and potash 
derived from home-grown fodder consumed 
during its production, reinforced by similar 
matter derived from the sifiultancous consump¬ 
tion of additional purchased food. • 

The proportion of the mtre^en and manurially 
available * mineral * matters absorbed and 


its weight mainly by the production of fat. 
Thus the quantity of nitrogen voided in fasces 
and urine might vary from more than 95 p.c. 
of the nitrogen consumed in the food to m little 
as 75 p.c. The proportion of phosphoric acid 
and potash voider! will be greater. Obviously, 
• in the case of horses, whieli only spend a portion 
; of their time in the stable, only a fraction of the 
I excreta will be mingled with the litter; and so 
; also in the casi; of cattle which are turned out 
for a part of their time. Jt is manifestly only 
the stall-fed or yard-fed animal which contri¬ 
butes the whole of the nitrogen, phosphates, and 
potash whieli it voi<ls to tlu' act iial manure heap. 

Lhifortunatclv for the farim*r, the fertilising 
matter thus initially eontnliuU'd to the manure 
is by no moans all ultimately available for 
utilisation. (Vmtinual losses occur. These are 
at tlioir highi'st in an open farmyard exposed 
to the weat her, where more or k«s loss of the 
valuable soluble constituents of the manure is 
always going on by mere drainage, and where 
there IS the gri'atestr facility for the evaporation 
of aininonia. Tiiey are at tlieir lowest where the 
animals are fed in rlosi^ boxo.s, m winch the litter 
is trod<l(‘n down comjuudly in watert.iglit jiits; 
hut even here theie is constant loss by reason of 
fermentative action, not only througri evapora¬ 
tion of ammonia, but also liy the reduction of 
ammonia and otiier easily decomposable nitni- 
genous comjiounds into free nitrogen. 'J'ho 
losses that thus occur have been studied by 
numerous investigators, including Lawes and 
(filbert, A. Voi'lcker. J. A. Voelcker, Hall, 
Maercker, and Scbrn'idcwiiicl, Holdi'fleiss, Miintz 
and (liiard, Wood, Russell, and numerous 
others. The gmieral result has been to show 
that, even under the best conditions of ordinary 
production, the loss of nitrogen may be expected 
to amount to about 15 p.c-. by the time the 
manure is truken out of the boxes, wliilo in 
shallow stalls or yards it may amount,to 30 or 
40 p.c. Furtlicr loss of nitrogen takes place 
after tlie manuro is heaped or stacked for 
‘ rijieiHiig,’ or for preservation until it is con¬ 
venient to transfer it to the land. It is probable 
that, even witli fairly good management, the 
ultimate loss of nitrogen may amount on the 
average to 60 p.e. of the initial quantity. Under 
bad management, ospi^cially with open yards and 
free drainage, it is probably often much greater. 

Various plans have been adopted or suggested 
for ehi'cking the loss, such as the use of gypsum 
j or superphosphate sprinkled in the manure 
I during its accumulation, to absorb ammonia; 
or of kainit, which cheeks fermentation. In any 
case the manure should be heaped as compactly 
as possible, with layers of earth in it, and the 
heap should be covered with earth. It bas boon 
demonstrated that the greatest percentage low 
of nitrogen unfortunately occurs in the manure 
; that is initially richest, namely, that produced 
by anwj^ls liberally fed on highly nitrogenous 
food.^ 


retained by animals from their food depends 
upon their age, condition, and other circum- 
stanoes. Thus, a young growing steer, or a 
tow in milk, will assimilate mure nitre^on and 
phosphates, -and consequently void less in the 
form of fceces and urine, than wifi a fattening 
0 X 4 whi4i has already built its frame and 
inincipal nitrogenous tissues, and is mereaaing 


It is obviously difficult to give an average 
composition for so variable a substance as 
farmyard manure, but broadly it may be said ^ 
to consist of: 

Water.about 76 p. 0 . 

O^anic and volatile matter . „ 22 „ 
Mineral matter (exclusive of earth) „ ^ 
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But, aR the water may vary from perhaps as 
little as 65 p.c. to over 80 p.c., the quantity of 
organic matter is liable to considerable invome 
variation. The proportion of nitrogen is 
usually from about 0*45 to 0*65 p.c., that of 
potash from about 0*4 to 0*8 p.c., and that 
of phosphoric acid from about ()*2 to about 
0*4 p.c. 

Hall gives the following tables illustrating 
the general composition of farmyard manure, 
and also showing the influence of feeding on the 
nitrogen contents of tlie manure :— 
Composition or Farmyard Manurf. from 
Various Souucks (Halt-). 


COMPOSmON OF liONDON STABLE MANtTBE 

(Dyer—tabulated by Hall). 


is! 


Water**. 

OrRaulc matter 
Nitrogen, sol. 

„ insol. 
Phosphorieactl 
J’otash. 


From mixed t)eat moss 
and straw 


After storage 

1 I a I 3 


— 

Water 

0 - 

1 . Fresh lonK Btra'v iimniiu' 

p.c. 
66 J 7 

p.c 

0 544 

2. Ko. 1 after rott-iiiK 

75*4 

0-.697 

3. Very old and Hlioi't, Irom 
a muHhroom bed 

.63*14 

0*80 

4. Fresh T i 

7.6*0 

0*39 

6. Rotten [Froiicli data . { 

7.6*0 

0*50 

6. Very old ' 1 

79 0 

0*68 

7. Roiliniiiated averauc 

76*0 

0*64 

8. Fresh Hcinld marmre 

98*02 

0*044 

9. Old <litto 

09*13 

0*020 


6-fi3 io-a; 

0-18 0-45 

0-26 lo r.3 

O-HO 10-&0 
l)-23 j()*32 
O-O.'it 0*365 
0*014 |0*22 


Fercentage Composition of Farmyard 
Manure (Hall). 


|77*H070*0 70*1 -02*0 
18<KI,24*3 119*3 2«-4 , 
0*61 0*62: 0*08 0*08i 
0*37] O IOI 0*46: 0*62l 
0*37' 0*48' 0-33: 0*461 0* 
1*02 0*59, 0*46; 0T>8 0* 
1 . ) 


.'> 8*8 

17*5 

0*00 

0T)8 

40 

68 


|61*f) 62*9 
•22*0 '23*0 

0*08i 0*10 

0*68; 0*79 
0*60 0*00 
0*65' 0*80 


P r 
0-318 
0*464 


0*491 


Roots and 
hay only 
Cake-fed 
Roots and I 
hay only i 
Cake-fed 
Roots and 
hay only 
Cake-fed 
Roots and 
hay only 
Cake-fed 


ee I 

<b ‘ b 

Sh i ft 


1904!23*6 

1904124-03; 


1905120T) 

1905l31*3 


1906122*0 

1906i24*3 


1907I26-.3 

!1907|25*5 


-2 I;^5 =2 t 

i 1 i\Madelnt.« 

.0 r*77;0 046 0 007 0*464; > mlxeii & 
0*716 0*079 0*096 0*54l! f stored 

i()- 462 : 0 'O 4 o! 0 ' 047 ' 0 - 375 i 


IS Do. 


i0'e98|0-182'0’055 0'4fll 

I I ! I 

,o-4flB;n'22n 0-033 0-411! I 
!0-690jO-097lo-049 0-544j f 

lo-.'-.89'0-125 0-053 0-41l| ( Not 
iO-815 0-377 0-033 0-40.5. ( storoil 


Straw manure will contain more potash than 
peat moss manure, but tlie latter contains more 
nitrogen. Stable manure is ‘ hotter ’—that is 
to say, ferments more rapidly—than farmyard 
manure proper. Very large q'uantities are 
purchased from town stables by market gardeners 
and other farmers within easy carriage of cities. 
This largely consists of litter that a farmer 
would regard as only half used, owing to the 
nec^sity for the prompt clearing of town 
stables; and it is necessarily poor in soluble 
nitrogen compared with farmyard manure. 
Analyses by Dyer (tabulated by Hall) (see next 
column) illustrate the composition of specimens 
of such manure, made both with straw and with 
peat moss, fresh and after some monthi^ll^orage 
in heap on the farm of the purchaser. 

In addition to its * mineral ^ constituents 

& hates, potash salts, &c.), well-made 
urd manure contains enough available 
nitrogen in the form of ammonia compounds 
and easily nitrifiable organic matters to enable 
it to begin to act as plant food immediately; 
while it has at the same time a reserve of 


iiiMolublo matliir, ])artially docompoacd organic 
matter which yields up nitrogen moi*e slowly and 
gradually, tlie clTect of muoli of which is rcaliseif 
only in subsequent seasons. 

T’hc duration of the iwdion of farmyard 
manure largely depends upon the nature of the 
soil. In some ‘ open,’ ‘ hot,’ gravelly soils, 
farmyard manure js used uj> with remarkable 
rapidity. l)n other soils, its action may bo 
spread over a considcralile number of years; 
but in such cases its fertilising efToct, especially 
on arable land, diminishes to an increasing 
extent each year, until, under the circumstances 
of ordinary farming, it becomes imperceptible. 
Ther(i arc, however, experimental plots at 
Hothamsted, where, under circumstances pecu¬ 
liarly favourable to its operation, the effects of 
early dressings of farmyard manure are still 
ovidont after the lapse of 40 or 50 yeare. 

The valuation of the unexhausted effect of 
farmyard manure in relation to the feeding 
stuffs consumed in producing it, is an im¬ 
portant matter in the application of the Agri¬ 
cultural Holdings Act. This subject is fwly 
discussed by Hall and Voelcker in a paper 
‘ On the Valuation of the Unexhausted Manure 
obtained by the Oonsumption of Foods by 
Stock.’ in the Journal of the Royal Agriculture^ 
Society of England, 1913, vol. 74 (also 
ropubiishod as a separate pamphlet by John 
Murray, of Albemarle Street, London, W.). 
In this paper the original valuation tables of 
Lawes and (jilbei*t were revised in the light of 
later investigation, and, with occasional revision 
to fit market prices, have been adopted by the 
Central Association of Tenant Right Valuers. 

The general chemistry of farmyard manure 
ha.s been well treated by Hall in his, work on 
Fertilisers and Manures (Murray), and more fully 
recently by Russell and Richai^s (Journal Agrio. 
Science, vol. viii. p.*495, 1917). 

Peruvian guano, (luano was originally 
introduced into England from Peru in 1839, and 

many ycai-s it occupied the first place among 
concentrated fertilisers. The ordinal rich de¬ 
posits ha^^e been for a long time exhausted, but 
considerable importations of Peruvian guano 
are still made, chiofiy from recent deposits. 
Guano is formed from the excrement and 
carcase c4aea -fowl. The fresh excrements are 
highly nitrogenous, and consist chiefly of uric 
acid and calcium phosphate. If the climate n 
hot and diys tKb excrements are quioW/ deeie. 
cated and the nitrogenous matter protected. 
These conditions exist on th© rainless^coast of 
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Peru. In a moist oUmato the nitrogenous matter 
is quickly converted ini-o ammonia and dissi¬ 
pated by evaporation or drainage, a phosphatic 
|i;uano praolioally desiiiuttj of nitrogen r(>main- 
ing. The main niipjjly of Peruvian guano for 
30 years was from the (’hiiudia Islands, whiclj 
yielded, in all, from wlmt we may call the original 
liepusits, about 10,00(),00(i Ions. This guano 
was ft dry, »*xe<;llont fertiliser, containing from 
13 to J4 p.c. of nitrogen, and from 13 to 14 ]>.<•, 
of phosphoric acid. On its exhaustion.^ about 
the year IHbK, guano was shipped from the 
GuanaiK^ and Macu.l)i Islanrls. 'I'nis was a damp 
guano (containing from 1) io 11 ji.cc. oi nitrog(‘n, 
and about 12-14 j>.e. of jihoKjihoric acid. This 
was succeeded by imj>ortationH, still from old de¬ 
posits, from the Pallestas iHlands and tlu' isl.ands 
of I^Imw d(i Afiucra. and dojiosits on the mainland 
at Pabellon de Pica, Punta de Lobos, and Uua- 
nilloH. Many of tlieso deposits wen' of low 
nitrogenous content., but v('rv rich in j)hosphate.s, 
wliile some possessed very much the character 
of the original Oliineha guano. In more recent 
years shipmimts have been coming in from new 
deposits formed on the original islands, whiidi 
have again boeoino ‘ guaniferoiis,’ the birds 
iKiing now specially jire-scrved with a view to 
tlie constant rcmi'wal of the dejiosits and the 
consequent maintonancto of tlie output. 'I’hese 
deposits of fresh guano are highly nitrogenous, 
and would bo much richer in ))oreontago com¬ 
position but for the Tact that a good deal of 
sand is somotiuuw unavoidably mixed with 
thorn. j 

The nitrogen in Peumvian guano is partly in j 
th© form of ammonia salts ancl partly in organic 


combination; and in some cases small quanUties 
of nitrate are also present. The main part of 
the phosphoric aeia is in the form of finely 
divided 'calcium jihospliato, some of the phos¬ 
phoric acid also being in combination with 
ammonium, sodium, or potassium. Some of the 
phosphoric acid, therefore, is immediately 
, soluble in water, wiiile even that which is 
insoluble is readily atlaokfid by weak acids and 
rapidly available as plant, food. There is also 
jiresent an ajipreoiable ijuantity of potash salts. 
Guano is, thendore, an extremely valuable 
manure, and has always commanded relatively 
higher prices than most other concentrated 
fi'rtilisorH. Having rt-gard to the groat varia¬ 
tion in the composition of difTcirent cargoes, it 
has boon for many veal's the practice of the 
i chii^f importers to prepare a mixed or ‘ equalised ’ 
i Peruvian guano. (*ont.aining a fixed percentage 
' of nitrogen, for tlie sake of t.bose users who wish 
' for guano of constant composition; but the 
! guano is also on sale m its unmixed or natural 
i condition, at prices varying rata with its 
^ composition. It may be a(lded that dissolved 
Peruvian guano, which was introduced by 
Messrs. Ohlondorff in 18()4, and is still manu- 
factui-od by their sucoesBors, th© Anglo-Conti¬ 
nental Guano Works, is Peruvian guano treated 
with sulphuric', acid to fix the ammonia and 
render the phosphate nearly 8.11 soluble in water. 
It is a largo article of manufacture, and is sold 
containing definite percentage-s of nitrogen and 
soluble phosphate. 

Examples of analyses of Peruvian guano of 
different grades from several of tho islands given 
below, are historically interesting. 



Bal- 

Lobos 

Cau- 

LoboB 

South 

North 



lestas 

(I’Afuera 

lores 

(leTierra 

(Timimpe^Gitanaiie 


Moisture 

1800 

18-30 

28-74 

24-44 

25-72 

16-('K) 

16-20 

16-68 

10*44 

Organic mai.ter and am- 










monium salts . 

40-36 

36-32 

3.') *66 

32-16 

20-91 

29-50 

26-56 

19-67 

11-96 

♦Phosphoric acid . 

9-74 

10*62 

13-25 

11-84 

14-79 

16-35 

15-07 

17-21 

19-13 

Lime 

0-21 

10-63 

11-46 

10-76 

12-25 

13*08 

12-46 

14-17 

14-60 

fMagnesia, alkalis, &c. . 

7-93 

9*61 

9*10 

8*64 

9-84 

11*92 

10*66 

11-27 

12-32 

Silicioua matter . 

14-70 

14*62 

1*80 

12-17 

7*49 

12-66 

20*07 

22-20 

31-06 


100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-06 

Total nitrogen 

11-43 

9-07 

9-44 

8-32 

7-19 

7-07 

6-80 

4-68 

2-68 

i Equal to ammonia 

13-88 

12-11 

11*46 

10*10 

8*73 

8*58 

8-26 

6-66 

3 13 

I*Equal to Irioalciura 





• 





phosphate 

21-28 

23-20 

28-96 

26-87 

32-32 

36-72 

32-93 

37-00 

41-80 

itlnoluding potash 

2-68 

2-39 

2*76 

2*50 

2-87 

3-09 

2-33 

2-16 

1-80 


Besides Peruvian guano, the only other 
nitre^^ous bird guanos of commercial import¬ 
ance have been obtained from Patagonia and 
from the Ichaboe Islands off the coast of 
Africa. Ichaboo guano,#, being from fresh 
deposits, is rich in nitrogen, of which it contains 
from 9 to 14 p.o. its general composition is 
simUar to that of Peruvian guano of similar 
grade. An appreciable proporiion of the 
nitrogen, however, is in the form of feathers. 

Seaweed This is largely usea in some 
Itooalities near tho sea. When quite fresh, sea¬ 
weed contains about 80 p.c. of wai/^r. Its oom- 
ition varies a good deal. The ^litn^en may 
1-3 *p.c. of the di 7 matter. The average 
percentage of |K)taah in 20 analyses if Fwus and 


Ijamimria was 3 p.c., and of phosphoric acid 
0*6 p.c. of the dry matter. The proportion of 
nitrogen and pot^h in fr<«h seaweed is thus 
very similar to that in farmyard manure, while 
the phosphoric acid is deficient. 

manure or fish guano. Whole fisli are 
emp Wed as maq^re in places near the sea. 
Way^>Bnd in fresh sprats 63‘7 p.c, water, 
1*94 p.c. nitrogen, and 2*1 p.c. ash, including 
0*43 potash and 0*90 phosphoric acid. 

Fish manure, or ‘ mh guuio,’ as it is called^ 
is miule on a considerable scale from various 
kinds of fish refuse. The Norwegian fish guano 
is prepared from cod. Herrings, sprats, s^- 
ha^en, and other oily fish are Imed and press^ 
for the sake of their c^'and the residue is 
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powdered^ and sold as fmh gUano. This manu¬ 
facture ia earned on in various places on the 
east coast of England and Scotland, It » also 
carried on to a largo extent in Londorf? the*raw 
material bdng the iish offal of the metropolis, 
which, for the most part, is simplv dried and 
around. The principal v^uo of fish guano lies 
in its nitrogen, which may vary from as little as 
6 or 7 p.c., to as much as 10 or p.c. according 
to the particular kind of fish or fish offal from 
which it is made, and the presence or absence 
of much salt or other impurities. There is also 
a good deal of calcium phosphate, which usually 
varies inversely with the nitrogen, and may 
range from as little as « or 7 p.c. up tf> 18 or 
20 p.c. The potash is inconsiderable. The 
following analy.ses repi-osent diffen'iit qualities 
of fish guano :— 

Analyses of Fish (Juano. 

14-18 8-78 14-42 11-18 

54-07 (>:i-02 03-fi8 07-22 
5-58 7-85 7-50 7-72 

(5-1(1 JO-47 8-0(5 8-34 


Moisture , 
^Organic matter 
fPhosphoric acid . 
Lime . 

Salt, magnesia, 
potash, &c. 
Sand . 


17-31 

2-70 


7-03 

1-05 


5T)4 

0-80 


5-14 

0-40 


1(M>0() 100-00 100-00 JOO-OO 

•Containing nitrogen (5-27 
'^ual to ammonia 7'(51 
-fCalcium phosphate 12-10 
The practical value of the manure depends to 
some extent on the quantity of oil pn«ent, the 
smaller the quantity of oil the moix) readily does 
the manure decompose in the soil. 

. Phosphatic guanos. The ancient depoalte 
of guano occurring in climates in which rain is 
frequent hav«^ lost almost the whole of their 
nitre^enous matter; they are, when free from 
sand or rock, of value as phosphatic manures, 
but have been chiefly used for the manufacture 
of high-class superphosphates. Some of these 
guanos have been considerably altered by the 
action of water and other natural chemical 
agents. One common result of this action is 
the formation of ‘ crasts,’ consisting largely of 
o^oium phosphate containing considerably less 
calcium ^an tricalcium phosphate, and therefore i 


Sodinm nitrate (uommereiany called nitrate 
of soda) is refined from the crude native deposits 
(known as calioho), found in the rainless areas 
of Chile. Oood commercial sodium nitiute 
oontaitm almut 05 p.c. of sodium niteate or 
15-0 p.c, of nitrogen (equivalent to 19 p.c. of 
ammonium). The impurities are moisture, 
sodium chloride, sodium and magnesium sul¬ 
phates, small quantities of iodates and sometimes 
of potassium perchlorate, while in some makes 
aodiulh nitrate is partially replaced by potassium 
nitrate. 

Potassium nitrate, or saltpetre, is sometimes 
usjid as a source of l)otli nitrogen and potash, but 
chiefly in India, where it is a native product. 

Calcium nitrate has recently been introduced 
as a fertiliser. Its chief interest at present lies 
in the fact that it ia manufactured from nitric 
acid produced from the direct combination of 
atmospheric nitrogen and oxygon in the fiaming 
electric are. Its production ia said to be already 
consid(5rablc, but from an economical standpoint 
it will assume larger importance in the future, 
when the present abundant sources of naturally 
formed nitrate come to on end. As put on the 
market at present, it contains about 13 p.o. of 
nitrogen (equivalent to about 15*8 p.c. of 
ammonium). Its chief fault in its present form 
is il« extremo deliquescence, which makes it 
necessary to how it directly the air-tight drams 
in which it is sent out are opened. 

Calcium cyanamide is also a fertiliser made 
from the nitrogen of atmospheric air : which is 
passed through (ioarsely ground heated calcium 
carbide. The resulting mass contains a large 
projiortion of calcium cyanamido, and contains 
about 18-20 p.o. of nitrogen. In moist earth it 
decomposes, yielding ammonia, according to the 
reaction ('a(JN2"l"3TtaO=^2NH3-|-CaCOs ; but it 
ia probable that other influences than mere 
moisture—connected probably with the microbic 
life of the soil—play a part in the production of 
ammonia. As calcium carbide is a product of 
the electric furnace, calcium cyanamide, like 
calcium nitrate, needs electric power for ite 
production. For its manufacture v. NiraoQErr, 
Atmospheric, Utilization ok. It is put on the 
market under the name of ‘ kalk-sticutoff * on 
the Continent, or ‘ nitrolim ’ in England. 

Some fonrw of calcium cyanamide. especially 


of special value as manure. Gypsum ia also ! of a granulated type made by using excess of 
present in some coses to a considerable extent. ! lime, contain considerable quantities of dioyoa- 
The principal places from which phoaphatic | diamide, the action of which appears to be 
guanos nave been obtained are various islands i directly deleterioua to some crops and to tend to 
in the West Indies and in the Pacific Ocean, i inhibit nitrification in the soil (Voelokor, J. Roy. 
Those which more particularly retained some of } Agric. Soc. 1917; also Cowie, J. Agrio. 8oi 


the distinctive characters of guanos are now 
for the most part used up. More deposits are 
still occasiommy discovered, but in many cases 
those deposits have become so metamorphosed 
that they have almost passed the border line 
between ‘ guano * and ‘ mineral phosphate,’ 
which is sometimes not easily drawn. At all 
evente, their function is not iSiat of maMtfK, but 
of a raw material for its manufacture, and for 
practical pmposee they may be placed with 
mineral phosphates, to be considered presently. 

Ammonium sulphate (commcrciMly called 
sulphate of ammonia) usually contains from 
about 95 to 97 p.c, of the pure salt, containing 
20 -20'5 p.e. oi nitn^en, equivalent to from 
24 to 25 p.o. ^ ammemia. 


1919, vol. 9, part 2)* 

Oilcakes. Cheap or damaged oilcakes, or 
cakes unfit for food (as castor), are employed to. 
a considerable extent as manure, and more 
particularly the residual meals obtained as by¬ 
products tin the extraction of oil by spirituous 
solvents from rape seeds, castor-oil seed, and 
numerous other oil seeils. They are in huge 
request for hop manuring, and for general use on 
light soils, on which the fanner prefem a lera 
rapidly adSve form of nitrogen than is furnished 
W guano, sodium nitrate, or ammonium sulphatei 
1 ?key will contain 4-7 p.c. of nitrogen, l*6-^'9p.o. 
phc^horic c&hydride, and 1-2 p.c. potash. 

Hoof ana oom. The powdered hmn ob¬ 
tained in leaking combs and other k 
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uaed to a coonideraWe extent by manure manu- 
facturors; it is extremely rich in nitrogen, 
containing about 15 p.c. 

Dried blood. 'J'ius is a very valuable 
manure, its nitrogenous matl.<‘r lK*coming reatUly 
available t<i the <to[» after mixing with the soil, 
Porfeclly dry blood will contain about 15 n.c, 
nitrogen and 4 n.c. ash, of which ono-half is 
common salt. Tm^ cojmiiercial article contains 
from about 11 p.c. to about 15 p.c. of nitrogen. 

It is in growing demand for direct applifjiition 
to the soil, but the greal-cr part botli of the 
dried blood manufactured horo and of that 
imported fnim South America i.s purchased by 
the manure makers and incorjioratod in com¬ 
pound fertilisers. 

Meat meal, meat guano. Tlio residue from 
tho manufacture of meat extract is exported as 
manure from Soutli America, and fmm Queens¬ 
land and New Zealand. The composition varies 
much, chiefly according to tho proportion of 
bone ground up witli tho meat. Tlio nitro¬ 
genous samples may contain 11-13 p.c. nitrogen, 
and O'6-JkO p.c. phosphoric anhydride. Tho 
phoaphatio sampIcB may contain (>-7 p.c. 
nitrogen, and 14-17 p.c. phoHjihoric anhydride. 

. Shoddy and wool waste. These arc useful 
nitrogenous manures, but much less active than 
those previously enumerat(<d, being only slowly 
decomposed in the soil. They arc less used tlmn 
formorly, except for hojis and mark(‘t gardening, 
owing to the cheapness of ammonium salts. 

Pure dry wool and hair w'ouid contain about. 

17 p.c. nitrogen, and 2 p.c. ash. The. jiercentagc 
of nitrogen in ordinary shoddy varies from 
5 to 8, tho general average being about 7. 
Shoddy is apt t-o contain a good deal of water; 
tho other impurities are (iotton, oil, an<l mineral 
dust. 

Leather. 'Tiic percentage of nitrogen is 4-6. 

This is tho least active form of nitrogenous 
matter used as manim'; but there arc various 
manufacturing processiis—such as treatment 
with aoids or with steam under liigh pressure— 
whereby the character of the leather os such is 
more or less destroyed, the result being a fine 
powder capable of undergoing more rajiid 
decomposition, and having, in some cases, a 
laige proportion of actually soluble nitrogen. 

Soot. House soot is used by farmers as a 
top dressing for spring corn. Good soot con¬ 
tains about 4 p.c. of nitrogen or nearly 5 p.c. of 
ammonia (say 20 p.c. of ammonium sulphate), 
m which form the nitrr^cn largely exists, buf. 
it often contains an admixture of ashes, and 
consequently varies a good deal. 

Bo&OS, These arc selcjom used in their 
fi*eBh state; they have generally been first 
steamed to extract the fat. A more perfect 
method of extracting tho fat by means of benzene 
has been introduced (J. Soc. Ohem. Ind. 1884, 

376, 490, 676), but not mlich employpd. Less 
nitrogenous matter is removed from the bone 
when benzene is used. A third form of bone is 
that left after extracting the greater part of 
the gelatinous matter bv filing under pressure. 

Tho analyses in next oobmn illustrate the com> 
foeition of bone manures. 

Bemes are either applied to the land directly 
os on»lied bones, or as bone-dust ^ bone-flour; 
ior they^are emplc^ed the manufacture of 
I)one7 The soft parts bone are 


MAOTRES. 

Bone Meat.. 

English Btoamed 

(contolidug BnglUh BoUed or 
caitUaglnoua (ordi- or llgliUy de-gela* 
matter) nary) Indian steamed tinlsed 
Moisture . 8-24 8-80 8-48 8'62 i3‘i>2 


♦Organic 
mat,tor . 3014 

34 94 

30-.'’)6 

20-74 

9‘8S 

tPhosphoric 
acUl . 20‘7.^» 

21 66 

24-19 

26-44 

30-n 

Lime . 27’y4 

28'.^3 

32-03 

35-9.'> 

40-04 

MagncBla, 
cartKMilc 
mud, vto. .M8 

4-62 

4-19 


r)-4.’> 

8llicio\iH 
matter . 1'7.^ 

V4:< 

0-;,.') 

roo 

roo 






10(J-o<) 

jooon 

100 00 

100-00 

100-00 






•(Joiitaiiilng 
uitrngon 4*72 
Biinal to 
ammonia r>‘73 

4-J9 

40-J 

2-33 

0-91 

."*•(»') 

•1-87 

2-83 

Til 

fKqnal 1,o 
trlcjilcinm 
phosphate 4rr:$l 

47-33 

52-8r) 

:*7-77 

65-79 


more nitrog(!tioua than tho haul parts. Bone- 
flour is a lino powder, prepared from highly 
steamed hones. 

Bone ash. This is imported from South 
America. It was formerly much used for pre¬ 
paring Ingh-class superphosphatos, but is now 
less employed, owing to tho abundance of cheaper 
phosphato.s. l‘uro ox bono ash will contain 
nearly 40 p.c. phosphoric acid. Tlic commercial 
article is usually sold on a basis of 75 p.c. 
tricalcUim pliospliate. • 

Basic slag. By the process patented by 
Thomas (1877-79), tho phospliorus is removed 
from pig-iron. The meltod iron is placed in a 
Hossemer converter lined with lime, a largo dose 
of lime is added, and tlio blast applied. At the 
high temperature reached, the impurities ip 
the iron are oxidised by tho air introduced, tho 
phosphorus becomes phosphorus pentoxide and 
unites with the lime. A slag is formed contain¬ 
ing about 40-50 p.c. lime, varying quantities of 
magnesia, alumina, iron oxide, manganese oxide, 
silica, and phospliorio acid equivalent to from 
I 20 to 50 j).c. of tricalcium, ph(»phate. The 
j process has been adopted to a very lai^e extent, 

! and basic slag is now an important product of 
the iron and steel industry. It has been esti¬ 
mated that at tho present time (1910) 300,000 
tons are annually produced in Great Britain alone, 
and the continental production is very heavy. 

For several years, however, the slog was 
regarded as valueless, the largo amount of iron 
present leading (^ricultural chemists to believe 
that tho phcfflphoric anhydride would not prove 
available to plants, while the ferrous oxide 
would probably bo injurious. It is now known 
tiiat the phosphoric anhydride in tho slag is 
almost wholly combined with calcium, and that 
this calcium phosphate is easily disintegrated 
and rendered soluble in tho soil, and that no ill 
effects arise from the presence of the ferrous 
oxide. Tetracalclum phosphate has been r^arded 
as thokambinatiofl m which roost of the phos¬ 
phorus occurs (Hilgenstock, DingL poly. J. .250, 
330; Otto, Zcitsch. Ghem. 11, 255; Bucking u. 
Zinck, Stahl u. Risen, 7, 245); but it is pro¬ 
bable that the phosphate has more nearly the 
composition (CaO)«,P 30 ,,SiOs (Hali). About 
1*5 p.o. ci the totu phosphorus exists as iron 
phosphide, which is changed into pho8|^te 
m the soil (Jensoh, Zeits^ Cl^m. 10^ 
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The phc«phaie in the slag is not soluble in Tke treatment of bone with aul|)hurie acid 
v^ter; it is dissolved to a considerable extent was originally rocommended by Liebig. The 
by a solution of ammonium citrate, and when treatment of mineral phosphates with sulphuric 
the slag is finely ground about 80 p.c. of it acid originated with Lawes, who took out a 
should dissolve in a 2 p.c. solution of citric acid, patent for this process in 1842, and founded a 
Much basic slag is also now produced in the nianiifacturo wiiich has since reached enormous 
open heartli process. This is of lower grade of dimensions. 

pnosphonis content and of low citric acid Superphosphate in the United Kingdom is 
solubility owing to the use of calcium fluoride always sold on tiio basis of its percentage of 
as a flux. what is called ‘ soluble phosphate.’ This moans 

Field cxporinicntH with linely ground un- the (piasitity of tncalcium jjhosphate which has 
trcatedslagconimeuceil in 1882, and it was found been rendered Holuble. 'j’lio ])ho8phoric acid 
to produce an ext^eUent effect. The UonnauH (FoOg) solui)le in water is determined and 
were the firat to realise tlio importance of tlxi new calculated into its e(|uivalent percontago of 
manure, and they suc<-eede(l in puichasing in this being called ‘soluble jihosimato.’ 

advance a largo proportion of tlie Fnabsh make. On the continent of Kurope the solubility is, 
To bo eltec.tivo the slag must bo very finely on the other hand, calculated as ‘ soluble phos- 
ground; at least 80 p.c. of it sliould ])ass througli phoric; acid,’i.c. F^O^ dissolved by water. The 
a sieve having 1(K) meshes to the linear inch, method of determination will bo described 
The grinding reijuircs sjieciul machinery. U is later on. 
advisable, aeconhng to Horn (J. Soc. ('bom. Jiid. 

1880, 242), to break lirat undtu- stamps, to Phaii,latic Matenah used. 

further reduce Ix'twecn rollers, thou to separate Superphosphate was prepared by Lawos in 
pieoos of iron by jiassing over slanting sieves, the first instance from spmit animal charcoal; 
and finally to go'ind Ix^twcen millstones. Suflolk (Tertiary) (xiprohto and Estremarlura 

According to Wagner’s Inals, 2 parts of phos- })hosj)hoiil(i wen< also early employed. Tho 
phoric acid in powileied slag (of whn ii 80 p.e. Suffolk eoproiite was for Ifi years tho principal 
passed a sieve with moslx's 0 2 mm. diameter) material inad<^ usc^ of. 'I’ho far superior Cam- 
are equal m mamning ])ower to I iiatt of solulile hndg(^ (dreennand) eoprohlo thou became for 
phosplioric acid in superpho.s])liate; the elfcet many year's tho ehiet material, but is now 
will, however, varj in dillorent soils. seareely, if ever, used, otliev phosphates being 

Basie slag is especially vaiualilo on moorland much chea])er. Deposits rich in calcium phoe- 
soils rich in organu; matter ami on clay soils phate have been found all over the world; 
deficient in lime on which tho continuous use of many t)f tliese have been exhausted, and others 


sui>erpho8pIiate is undesirable. It has proved 
especially valuable on ])aslur»*land. 

Precipitated phosphate, i’hosphatic minerals 
which are unsuitabh; Jor the manufacture of 
superphosphate, either from their poverty in 
})hosp}iate or from the presence of an oLjec- 
tionable aiiiount of iron oxide or alumina, arc 
Homotimes Imated with acid, the calcium phos¬ 
phate dissolved out, ami then rocovercxl by pre¬ 
cipitation. If fhe addition of tlie neutralising 
base is stoppt^d wink* tho solutiou is still acid, 
the precipitate will consist chietly ol ihealciuin 
phosphate. 

phosphoric anhydride in precipitated 
phosphate stands next in value to that existing as 
monocalcium phosphate, (lommercial diealeiuin 
phosphate may contain us much a.s 40 p.c. 
PgO j; it is thus a very concentrated manure, and 
especially suitable for use where manure must 
be conveyed a long distance. Owing to the 
introduction of basic slag, however, it is now 
scarcely worth while to manufacture precipitated 
phosphate except as a by-product. It is thus 
prepared incidentally to the manufacture of 
gelatin frenn bones. Tlie bones are treated with 
cold hydrochloric acid, which dissolves out the 
phosphate, leaving the chondrin or gelatinoid 
xnat^r undissolved. The phosphate is then 
recovered from the acid solution by precipitation 
with milk of lime. • . 

Superphosphate. The phos])hat(» }>revious]y 
motioned may be applied directly to tho soil 
with good effect, if in tlie condition of fine 
powder. Natural mineral phosphatic dojiosits 
are, however, too hard and insoluble to be 
ooonomicaUy used in this manner; these are 
toeated with suLphurie acid, and converted into 
superphoaphatos. 
voL. 


given up as of inferior quality, or aa liomg at 
present jn-icos too expensive to work. We sliall 
give some account lioth of some of those which 
hav e becoth© of lustory, or tho use ol 

which is at present in alicyanco from the effect 
of eompetition, as well as of those which are at 
present in use. Tho estimates given of tho 
quantiticjj of thi5 various phosphates recently 
mined or raised are taken from a jiapor read at 
till' International Congress of Applied Chemistry, 
in IIKKI, by Hermann Voss, who eeiimatod tho 
total output of raw plioa[jiiatc in 1908 at the 
enormous quantity of 4,824,0(K> tons. This 
would reprosoiit in all something like 8| million 
tons of superphosphate. 

South Carolina or Charleston phosphate. 
'I’liis is apparently a converted Eocene marl. It 
occurs in rough masses, largely perforated by 
boring moUusca, and associated with fossil 
bones and teeth. It is classed as ‘land’ and 
I * river ’ phosphate ; the latter is obtained by 
dredging tho Bull, Coosaw, and Stono rivere. 

' This phosphate came first into use in 1867, and 
soon became tho cliiof material for tho manu¬ 
facture of superphosjjhate. Tlie quantity cx- 
! ported to tho United Kingdom in 1887 was 
1 105,275 tons (principally river phosphate); in 
I tho same year 430,6419 tons were used in the 
I United States. There are three grades, oontain- 
; ing phoKpborio acid equal to 60-62, 66-56, wd 
j 58-(K) p.c. tricalcium jphosphate; they differ 
1 simply in tho proportion of silicious matter 
present. SotitJi Carolina phosphate, though not 
: rich enough for the preparation of high-olaa©^ 
! superphospliates, is an ^mirable materud for 
; the produotioff of an ordinary sup^hoap^te, 

I containing, aodbrding to the quali^ of the ph^- 
I phate usc^ from 11 to U p.c. Volume plu^^orie 
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aoi<l, or, in o<jmmcit5i»l language, 24-30 p.c. 
soluble |)hcw])lialo. Owing to the discovery of 
otl^r doj>oHitH and to the local dontand for this 
particular phoNjiliate in tite Uiutod Ntatos, it 
nas at prosont practicaily ccawod to bo imj>orU*<l 
into lingland. 'Pho m»aiitity of pliOHjdiato 
raised in I DOS in South (’arohna and Tonnosscc 
IS estimated by Vohh at 80U,(»<H) tons. 

Belgian and Somme phosphate. 1 n t he nort h 
of France (di'jiartmeiilH Somme ami J^um dc 
('alais) and in tlio adjoining distritds of ll-lgmiii 
there exists an I'liornimw dejiosil of a friable 
phoKfiljatio nx'k, ’ eraio grise,’ exU'uding ov'-r 
seven million aeinH. 'I'lns dejiosit lien on ordi¬ 
nary whiU* ehiilk ; it couKiKts of yellowish grains 
em(>edded m a chalky matrix. The rock eon- 
tairiR 2d 3d ji c. of eaU ium jihosphatc, oceuiTiiig 
in the erystallim' grams above mentioiu'd. in 
the Hjiper layer of this dejxLsit are jiockeU’, 
1 ‘hlellv di'velojied m l‘’iam-e, wliieli contum a 
sand far riihcr in pliosphni'i- and jioorer m 
carbonate tluin tlie imdrrlymg lock, the pro- 
jiortion of [ihoHjdiad' in thin sand being 50-SO 
p.c. *rhe sanil has probalily bis n formed 
Iroin the orii'iiial rock b\ tlie aelioii of water. 
This jihosphatic sand im known as ‘Somme 
jihofoihat*!.^ 

Tlie lielgian jihosjih.ilic lock is generally of 
low (juaht-y. Ky wasliiiig ami blowing, a 
material containing 4tt-4r> p.c.«alcium iihoKjihate 
IS producc'd. Many sclumi(‘s have Is-en tried 
for removing (he (ahmm earhouate, and thus 
raising the value ol (hi‘ muUTial; none has yet 
Ixicome a eomimM-i lal smecss. Helgian jihos- 
phatc IS used with other phosjihates as a diluent; 
the carhonato it eoiitams jiruUiK'es miieh 
gypsum when acted on by the Hiilplmnc acid, 
and eonsiderablN Muproves tlio porosity ami 
dryness of (he manure. 'I’lie export from llelgium 
to the*United Kingdom is considerable. 

Ono jiractieal advantage jiossessed by tlie 
Hclgiun and .Somme pliosjihati's ih that (Iut 
require no grinding Somme jihosjjliato as im¬ 
ported g(K*s entii*e!y through a sieve of dO wires 
to the mi'h. The output ol Itelgian ])ho.spha(e in 
UKW was estimateil at lod.OlKt tons, ami of 
Somme and other French phosjihate at 3r>0,dt)0 ' 
tons. 

Phosphorites. Large deposits of ajmlite. 
or of phoaphati's liavmg an aputiUi character, 
occur ill many jdacisi: thoso most wurked ha\e 
been the Estroinadiira, the Canadian, and the 
Norwegian. These, however, art' not now 
brought to this country, and ]ia\e for the ; 
present ceoseii to worked. 

1. KxIraiMuliira j)/ifwpAur<Vr.~ An imniense 

deposit occurs in Caeeres,^ Jn caiinposition it 
is a fluor-apatite, but iiuxial with imu'h (piart/., 
and with more or less calcium carbonate. There , 
are throe quiUitics, conUMning about 50, 00, and 
70 p.c. trioalcium phosphate. The caleinm ; 
carbonate varies from 0 t<5 Id p.c. T,he e.xporls } 
•wore in former y^rs very large, amounting ! 
soiuotimes to 60,0^ tuns jier annum. J 

2. Caiwiiwn pHo/^phonif .—This is mucli i 
richer then the Kstremadura pliosjihorito, com- ' 
taining 70-80 p.e. tricaleium phos^diulo. The | 

^'lowcr qualities contain mucli mica. The amount | 
formerly exported to tlic United Kingdom was ; 
considerable. * | 

^Otphitel. Under this head we | 
group the rocb phosphates found on many of I 


: the West India Islands, some of which are often 
I classed us pbospliatii' guanos. 

I 1. ^ruAo.—This 18 one of the Dutch isianda. 
I The phosphate is of high (juality, eontaming 
I 7r>-80 p.e. tricaleium phosphate, but the imports 
j now arc small. Tlie total quantity rais^ in 
I 1JM)8 is estimated at 3d,(K)0 ton-s. 

! 2. —Anotlu'r Jbitch island. This, 

whitjfi is now l>eing largely worked, is ono of the 
lincst pho.^phates a\ailable. eontuiiuug about 86 
p.e. Inealcjiim phosphate. \\ itli this phosphate, 
suporjihosphate may 1 m' made containing 44-45 
j ji.e. soluble jiliosjiliate {20 20i p.c. soluble F^O.). 
i .'k Somhxro. —'J'liis valuable tli'jiosit is nearly 
exhausted It eoutam.s 70-7S p.c. tricaleium 
jiliosjihatc. 

4. Alonh a»<l Si. Mmhu'.'i Islands. —Both 
! deposits are now exhausted ; the former was of 
1 very high (jualitv. 

i>. A’amssii .—The di'posit on this island 
lias a well-marked pi.solitie stiiicture. The 
phosj.lioi’K' anhydride is equivah'ut to dO-70 ji.c, 
tncah ium jihosphate. use ol Navassa plios- 
|iliaU‘ IS limited by tlie considerable anunmt of 
alumina and feme o.xide present, which makes 
it, unsuitable lor the jirejiaratiou of higli-clasa 
sujiei phosphates. 

d. iti doiidti mid AlUt I I III .—The phosjihates 
of these islands eonsist ehietly' of alununium 
jihos|iliaU!. ’I'liey are quite nnsuitahlo for thir 
manufacture of .•uipei |)Iiosjiliat('. *J'hoy have 
been dissolved m .sulpJiunc acid, and the alu¬ 
mina sejiarutiMl as alum. It has also btieii 
foumi |)Ossil)l(? to obtain a largt' jiroportion of 
tlu! filioHjihorie acid as .sodium jihosjiliale by 
liiating with sodium ihlonde ni sujiorhoatod 
sti'am, or by tiring with so<lium sulphate and 
carbon (.1. Soc. CIk'HI. In^l. ISSd, 570). 

Bordeaux phosphate. Raised in the do- 
jiartments of Lot and Tarn-ot-Uaronne. This 
IS now little usi'd in England, as it is not rich in 
jiliospliate, and contains a good deal of ferric 
oxide and alumina. 

Nassau or iahn phosphate. This is still 
used locally, but the exjiorts to this country 
have eeasi'd. It varies much m imposition; 
the liigWr quahties are suitable for the manu¬ 
facture of superpliospliate, but the lower quali- 
ti(‘s I'ontaiu much iron. This pli(xs|)hato is re¬ 
markable as eoiitaining a distinct amount of 
iodine. 

Coprolites. The jihosjihatio nodules com¬ 
monly known as cojirohtes, found m Englcmd, 
arc scarcely used now, chcaiior phosphates 
being available. Tin* Cambridge (Upper 
(Jroensand) ooprohtc was the bo.st of tlic Englkh 
sorts ; it contained .55-4iO p.c. tricaleium ^oe- 
(ihut^. without an admixture' of ingrements 
jirojudioial to the jvroduetiou of soluble phos¬ 
phate. The Suffolk coprohto (Tertiary) contains 
loss phosphate (56 p.c.). and moro ferric oxide. 
Tho Bodiordshire cojirolite (l/)wor (ireonsand) is 
still more inferior, tho ferric oxide being present 
in ine^-sed projibrtion. 

In Franco there arc considerable deposits of 
coprolite in the lTpj>er (ireensond in the deport¬ 
ments of l^as de t'alais, Meuse, and Ardennes j 
those from Pas do Oalais axe shipped to Fhig- 
lond from Boal<^no. These coproutes gen^alfy 
contain a low proportion of phosphate, and 
much siiioions n^ter. 

Florida pho»^tt» Extensive depoeite of 



FXRTUJfiEBa 

high-grade phosphate have been opened up | 
during recent years in the State of Florida. ' 
The phosphate is of two kinds, namely, ‘ hard 
rock' phosphate and ‘ pebble ’ phosphate. The 
rook phosphate commonly contains from 78 to 80 
p.o. of tricalcium phosphate, and the pebble 
phosphate about 70-74 p.c. Thor© is, however, 
also a high-grade {w'hblo j)ho 8 phato containing 
from 78 to 79 p.c. of tncalcium pnospliate. These 
phosphates are very widely us<‘(l in superphos¬ 
phate. According to the cHtiinatcH of Voss. 
000,000 tons of Florida ‘ hard rock ’ jdiaspliutc 
and 900,0<M) tons of Florida ‘ jK'hhlo * })lio 8 jihate 
were raised during 1908. 

, African phosphate. An cxtcujsive range of 
phosphaU' <li'j)Osi (8 is now w'orked on or lu-ar 
the northern coiist of Africa, known in <‘onmuHcc 
a.s Algerian, Tunisian, T(n (jucviU(“, Uafsa and 
Egyptian phospiiatf'S. TIu'so are soft, jiowdery, 
or n-iable minerals, containing for the most 
part compar.itivcly little siheious matter, hut 
a large projxirtion ol calcium carbonate. 'J’he 
proportion of iriealciuin phosjihate is eoniinonly 
somewhcR' near 00 varying from about 59 
p.c. to nearly (>4 p.c. Tlio ijuantities of North 
African phosj>liateH mined in 1908 were cat iniated 
by Voss at over l,,500.(MM) tons. Some of them 
are now prepared in a finely ground state for 
direct application lo the soil. 

Christmas Island phosphate. 'J'lus is a deposit 
found on (.’hnstnias l^lalul—an island lying m 
the Indian Ocean south of Java, it contains 
about 87 ji.e. of ine,alciiim jiliosphate, and makes 
excellent superpbospliat<‘. At pn-sent tla^ out¬ 
put is said to be largely coiisumeil m the nianu- 
lacture of supeipliosphute m Ja)>an. 

Pacific phosphaw. \'aluabje deposits of 
similar high-grudo jdiosphates, containing 85 or 
87 p.c. of triealciuin iihosphato, aeeoinpanied 
by very little ferric oxide nr alumina, and juacti- 
cally no silica, Iiave Im'cu iliscovercd lu i-ocent 
years on certain islands in the I’ueific Oeoari 
lying to the north-cast of Australia. 'I’he 
principal deposits at piesent worked are those 
of Ocean island and Nauru islaml, but depwits 
have also Iwien found on the islands of RIakatea, 
Tahiti, and Angaur. Rlueh of the filiosphutc 
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raised on thcac islands is oonsumed for super- 
piiosphate making in Australia Kow Zealimd, 
and Japan. These phosphates in a finely ground 
, state aro also now sold for direct application to 
! the soil. 

Manufacture of superphosphate. The raw 
I phosphate is first rtdtieed to an extremely fine 
pow'ucr. (-onsiderabh' improvements have now 
‘ lieen effeidod both m the economy of the grinding 
, and in the degree of iineiu>sR attained. If the 
material is m largo lunijw, it is fiist reduced by 
means of a eruslier, and is then transferred to a 
; suitable mill. The Kent mill is largely used for 
tliis purjaisc, and is w orked in conjunction with 
a screen and (4ovator. 'J'hc finer the powder 
obtained, the more eompleto will bo the decom¬ 
position by the suljihune acid. For first-class 
work the pnwtler should jiass through a siovo of 
' SO wires to tlio inch. In view of the stringency 
of modern faittory legislation, a diist-collecting 
plant of some sort, such as the Both filter, is 
usually comsiderwl neemsary in the }»art of the 
works devoUid fo milling. 

Jt has iM'cn assumed in some text-bookB 
tliat the reaction in sujjeiphosphati? luukiiig is 
simply : 

1 21J,SO,-i’aH4l>,<>g+20ttKf)4 
'I’his is true as regards the major portion of tho 
j»)io.sphat <5 rondensl soluble. Jfut in practice, 
OK was first pointed out by Ituffle (J. Soc. Chem. 
Ind. 1887, 327), tlu; reaction, as regards an 
: apjireciable portion of tlie phosphate, almost 
invariably jiroeei'ds further, thus : 

(!a,,l%(.)8 j-3H,S04^2If3p04+3CaS04 
so that a water solution of superphosphate 
: contains a major projiortion of 0 aH 4 p 204 , with 
! a minor |»roportion of free phosphoric acid 
j 11 , 1 * 04 . Indt^cd, unless thei*e is a fair proportion 
of tho latter, the proportion of ‘soluolo, phoa- 
hate is unstable, owing to liability to revoraion 
y Kulwequerit interaction betw'een tho dissolved 
pliosphftto and tliat which was originally left 
imdisHoIv(;d. Thus well-inado superphosphate, 
when freshly madi^, often contains as much as 
from 5 to 10 p.c. of Jl 3 F(> 4 , and sometimes 
moro. 


Peboentage CoAtrofiiTiON OF Mineral Phosphates BMrLoVED in the Manufactpbe of 

iSul'ERPHO.SPHATE. 

Florida I’kosphates. (Dried at 100".) 


_ - 

Vard rock 

Peliblo, inodhim grade. 

Pebble,high grade 

^Phosphoric acid {P..OA 

30 05 

30*44 

30*81 

31 »2 

32*24 

.32*80 

33-98 

30-24 

36*90 

Lime .... 

61*29 

50*40 

60*90 

40-70 

40*78 

47*18 

4803 

49*44 

48-68 

Alumina 

1*42 

1*44 

1-41 

1-28 

1-29 

1.-32 

1*23 

i 1-32 


Ferric oxide (exclusive 










of any pyrites) 

000 

000 

0*56 

1-46 

1*50 

1-86 

1*06 

0-60 

9-20 

Magnesia, carbonic acid, 










fluorine, &c. 

7*84 

0*31 

6-07 

11-66 

10*43 

9*60 

9*40 

0*40 


Sillcious matter . 

2*80 

4-76 

3*60 

6-93 

. 7-76 

7^6 

6*25 

0-00 

e-22 


i(5o<x) loovif 

100-00 

100*00 

100*00 

100-00 

100-00 

100-00 

100-00 

*£qual to trioalcium 
phoepdiate 

78-77 

! 7l)-82 

80-43 

«9-75 

TPU 

71-07 

74*26 

79-18 

78-44 

Fxcess of lime over tri- 










c^oium phosphate 

8*67 

7*28 

7-34 

893 

8'68 

8*31 

7-7B 

fi'60 

6-14* 

Moisture in phosphate 
as importea 

0-06 

j i-ao 


2-a 

m 

2-03 

2*33 

— 

— 
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*l’lK).Spll<)riC »C I<1 (l*;;0^) 

Lime .... 

Aliinnina .... 
Forrio ((“xclusivt! of 

any pyriltw) 

Majfnoniji, <url>onio iicjd, 
linonno, Ac . 

SiliciouH niatU^r 


*10rjual to Ini iiitnini |)]ii>si)lu\t<-: 
ExctwiH of liin«‘ ovor tncau iuiii: 

phoKphuto . . I 

Moiaturc in ]ili<»HpliaU‘ as | 
imported . . . 1 


Nokth African Phosi’uates. 
(Uriod at 100®.) 


AlKcriun 

TocquevlUe 

27-05 

2!)-04 

25-20 

47-70 

50 40 

43-01 

0-5li 

0 44 

0-52 

0 25 ^ 

o-:io 

0 48 

lS'!t.5 

10-Oil 

17-33 

5-40 

2-HO 

13 40 

100 IK) 

100 (K) 

100 IK) 

50 10 

03-4 5 

55 10 

15-74 

10 05 

13-OS 


'rtiiilsiun 1 

(lafsa 

27-21 
4H-83 : 
0-54 

28-44 

4il-il2 

0-48 

27-12 

44-87 

0-»8 

0 30 i 

0-25 

0-40 

17 oi; 
5-40 

1741 

3 50 

18-95 

7-70 

I00-(M) 

lIKt-OO 

100-00 

50-45 

02 14 

59-20 

10 50 

10-22 

12-73 

3-30 

3 24 



\'aui()1's Piukmmi \ri5s. 

(Dricil at I(H>".) 

{ ' I [ CaiKuliaii 


Cliil!*tniiis j 

Ihlaiul I Nauru 


,*f*h«»Hphoric acid (!*/>..) , | rt!) Kr> H!) SI 

i Lime . . . . r)2'24 | 515'Ori 

’ Almuma . . • i ^ 

! Ferric oxide {<‘\cIumyc tif ^ ' 

i any p.vritcs) . . (>40 d'2!{ 

Magni.«ia, carlionic aiud, 

miorine, Ac. . . ; ri Oti | 

SilicioUH matter . . Odf) 010 

KtO'OO i lOO-tH) 

:*Equal to tricakumi piios- 
! phate . . . S7'07 j 87'0/) 

i Excess of luiie o\cr tn- ' j 

' calcium plioHpliatc . ; r)‘02 ' .')'S4 

I Moisture in phosphate as ; I 

j iinjK>rtc<l . . . ' 1‘54 ■ 2 02 


Tciim'.sMM- 1 

iit'ki.ui 

l’’r»’iich 

Jticii 

Pool 

30 02 

i 

l‘)57 

23-80 

39-32 

20-91> 

50-.50 

40 34 

.52-00 

5418 

42-26 

1 -50 

0-43 

1 44 

0-40 

2-84 

1-70 

0 05 

000 

0-55 

2-93 

7-40 

20 23 

20 00 

4-11 

0-27 

1 74 

3-78 

0-00 

1-44 

13-02 

100-00 

llK)-00 

100-00 

100-00 

100-00 

80-00 

42-70 

52-00 

85-84 

05-47 

0-01 

20 15 

24-7ti 

7-00 

0-77 

' 1-21 

0-45 


— 

4-80 


Smallish 


('oj)rolUes 


'Phosphoric acid (I’^t)*) . 
Lime .... 
Alumina .< 

Ferric oxide (<'.\clusivo of 
any jiyritcs) 

M^mosia, carlxmic acid, 
fluorino, &c. . I 

SiliciouB mat ter 


[♦Equal to triealcium phos¬ 
phate 

Excess of lime over tri- 
calcium phoephate 
Moisture in phosphate as 
imported . 


lOllh 

Kradc 


3501 

4K-4‘.> 

1-70 

105 

7-1)8 


70-434 

7-07 







South 

Poor 

! Aruba ' 

('uravao 

B.-.ir..ril- 

shiio 

Suffolk 

('arolina 

25-77 

1 33-03 ; 

32-73 

25-!)7 

20-30 

26-73 

34-58 

1 48-33 

47-29 

40-00 

41-72 

43-62 

1 

103 

0-35 

1-48 

j 1 

0-83 

1 7-10 

1-75 

0 75 

5-30 

1 22-90 j 

1-45 

) 

: 12-10 : 

18-38 

14-03 

) 1 

17-77 

32-65 

i 2-50 ; 

0-50 

12-66 

0-08 

9-60 

100-00 

100-Off-' 

itxi-oo 

* 100-00 

190-00 

100-00 

60-20 

73-48 ; 

71-45 

i 50-69 

67-42 

58-35 

4-09 

j 

• 8-48 , 

8-57 

9-94 

10-00 

12-00 

1 17 

' 3-04 i 

i 1 

— 

' 0-65 

1 , 

1-41 

0-90 
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In tho first stage of the reaction, phosphoric 
acid alone is probably produced, and this after¬ 
wards reacts on the remaining undocomposed 
phosphate. Tho proportion of free phosphoric 
acid ill tho resulting manure is grout^T when 
strong sulphurio acid lias Ixmui oiuployod, the 
total soluble phosphoric acid being, at the same 
time, diminisliod. VVlieu sujjcrphixsphaU’S are 
dried at 100*^, a lass of soluble phosphoric acid 
also occurs, and this los.s be<*()mes much greater 
when a higher teinj>craturo is employed (lluffle), 
Monocalciutn phosjihaU* can. in hvt, exist only 
when in union with water. 

A further reaction which is of great practical 
moment to the manufat-tun'r of superphosphate 
is tlio disaj)jK)aranco ol soluble, jihosjihate by 
keeping. Tlie rcg<‘.iierateil instiluble jihosphate | 
is known a.s ” reverted pliosjihaU?,’ This de- j 
tcrioration during storagi' is not observed m the i 
cose of woll-niade superpliosjdiale prepared from ; 
finely ground mineral jiliosphati^ coiilaiiimg no i 
appreciable cjuantity ol iron or aluinmiuni, but 
it m observed when feme oxide or aluinuia is 
present. 

8o long aa superpliosphate is valued on the 
basis of its contents m soluble phospliate, ferru¬ 
ginous and aluminous jibosphaUjs will be avoided 
by tlio manufacturer. On the ConliTient, how¬ 
ever, and in the Dinted States, leverUni phos¬ 
phate has a considerabh" money value, and 
mineral phosjdiaU's containing iron ami uiu- 
minium eonseipioutly lind omjiioyinent. 

The sulphuric acid employed ih usually 
pyritos-mado eliambiw acUl of I nfi to l iibsjigr. , 
Weak acid is essential, as the dryness of tlio | 
superphosphate de[>end.s largely upon sullicient j 
waU'r being pix'sent for the crystallisation of the i 
calcium sulphate (t'aSOj.^HoO) formed bv the j 
reaction. It follows that, when much caltuum i 
carbonate is present in the pluKiphate, weaker | 
acid will lie required than when but. little calcium | 
carbonate is jireseiit. When calcium fluoride 
is present in ciinsuierable quantity, and very 
little or no calcium earbonaUi (as m ajiatiic), 
acid stronger even than l*()d sp.gr. is necessary, 
OR calcium fluoride is not ho rejwiily (h'composcd 
as caleiiim carbonato. 

The propoilion of sulphuric acid to be used 
depends, ^ course, upon the composit.ion of the 
phosphatic material. Theoretically, ICO of 
tricaleium phosphate will require 04 of sulphuric 
acid of sp.gr. l-OO p.c. SO3), or 100 of sul¬ 
phuric acid of sp.gr. 1'50 (51-5 p.c. SOa), if 
monocalcium phosphat e is to lie produced. The 
proportion of sulphuric acid used in practice is 
usually as large as can bo employed without, 
endangering the dryness of tho product. It is 
genendly somewhat in excess of that needed to 
produce monocalcium jihosphato, but is con- ‘ 
siderably below tliat required to yi<dd only 
phosphoric acid. For South Carolina river 
phosphate, the ordinary proportion is 95 p.c. of 
sulphuric acid of sp.gr. 1 o?. 

The excess of lime jireacmt in the material (as 
carbonate or fluoride) is a principal factor in 
determining the quantity of sulphuric acid to bu 
employed: 100 of lime will require 200 of acid 
sp.gr. 1*6 or 277 of acid sp.gr. 155 to produce 
osdeium sulphate. At the foot of tho tabic pre- 
vioufily given will be found the excess of lime 
(over that required to form tricaleium phosphate) 
present in each of tho mineral phosphates 
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commonly employed. Phosphates containing a 
considerable excess of lime will yield a poorer 
superphosphate than their percentage of phos¬ 
phoric acid would swun to warrant, owing to 
tho largo proporlum of sulphuric acid wnioh 
they nHjuitx'. 

To pn'parc! tv ‘ mineral superphosphato,’ tho 
only ingre'iient.H arxi tho powdorou plmsphate and 
Huljihuric acid. Whim turnip manures, or other 
uifinuros containing a little nitrogen, are pre¬ 
pared. ^rviHhod boiKWi. powdcri'd hoof and horn, 
xiioddv, or ammonium salts, aro added when tho 
ingixidionls aro mixed. .Mi.\<*d siqwrjihosphates, 
formerly <‘allo<l ’ dissolved bonos,’ aro usually 
prepaiH'd from a mixture of inmoral pliosphuUi, 
Imiiio. and somo conecntraletl nitrogenous 
matter. 

Owing to tho roipnromcntH of tho Fertilisers 
anil Koodmg Stuffs Act. howovor, Kuch mixtimw 
arc now Hohl os * disHolvod bono (compounds,’ tho 
torm ‘ disHolvcid bone ’ or ‘ vitnolisod bono ’ 
being rcstricl.ed to fcrtiliHcrx nuulo from pure 
bone and acul only. Usually, in Huch oases, 
only from onc-lialf to lwo-third.s of tho phos- 
! phate is actually soluble m water, but much of 
the renianuler is in tlie reailily assimilable form 
of di< ah ium (bhydrogi'ii phosphate. If e.nough 
ai-id were used to dissolve all the phosphate, tho 
product would he. too pasty for sowing. 

The mixer in which tlio n^aid.ion takes place 
; stands on a ])latfonu, over an empty chamber, 

I variously known as tlie ‘ bin,’ ‘ don,’ or ‘ pit.’ 
ft eonsista of a cylinder, sometimes nearly 
lion/.ontal. somot.imes vertical, furnished in tho 
(•ontro with a ix'volving shaft, carrying arms set 
on Hcrow-wiso. Into this mixer the charge of 
weighed ‘ dust ’ is emptied, bag by bag, while, 
at tho same lime, a measured quantity of sul¬ 
phuric acid is run in from a tank. When tho 
charge is completed, agitation is continued for 
two miruitas ; a valve is then opened, and tho 
whole contents of the mixer (about 1(> cwt.) 
allowed to fall into tho pit Ixdow. Ton chai^(« 
can bo easily worked in ono hour. Tho pit 
below is built of brick or concrete on throe sides, 
tho fourth side consists of a wooden hoarding 
which is taken down when tho pit is being 
emptied A pit will hold from 80 to 140 tons. 
Tho fluid material which enters the pit rapi^y 
roaches a temperature considerably exceeding 
100°, and then becomes solid. In a few hours 
it la ready to be excavated. 

Formerly the excavation of the super-phoe* 
phate was accomplished by tho simple moans 
of digging it out by tho aid of pickaxes. 
At tho present time, however, manual labour 
is being gradually gupersedod by tho use of 
mechanical appliances, many patents for in¬ 
ventions for doing this part of the work having 
been taken out. Among these, one of the 
best known is the superphosphate excavator 
of Dr. A. Keller, ti tho Anglo-Continental 
Guano Works of liondon, Hamburg, Antwerp, 

I and Dttsseldorf, which is now in successful ^ 
i in various parts of the world. This machine 
consists of an arm extending from a stamng, 
which latt^ travels upon metals laid in front 
of the pit; the arm is furnished with travellings 
! knives and shapers, and it revolves on a pivot 
arodnd the s^^ng as a centre, so that it can be 
I swung in and out of the pit and be made to 
i reach to the extreme back part of it. Wlien tho 
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knivefl and ArraiMsm arc pet in motinn, the super* 
phoftphalo is scrajXMl forward and dropped on W 
a conveyor Iravo-sin^ tlx! front of the pit, 
wh.‘n(T It can Im. cIcvat(Hl and conveyed to the 
pait of tlu- wnrkK wlu-ic it is riMpiiriKi to >c 
stored The ni!ielim«‘ ik so (constructed that, the 
arm is made to tiutve from left to liglit and riy 
irmi, and Jewel itselt automatically as the 
su}M5rjilM)spliat(‘ IS removed. 

Th(‘ gases given nil duiiiig the leaetion, botli 
from ttm ini.viT and ]»it, an’ oi a partftuluily 
unpleasant desenptioii. especially when the 
jiliospliat.e eonlaiiis lluoiidc;. Jtolh mi.xei ami 
int ar<“- provided witli tines in <'onne«-tion with a 
lan. hy whieli all tlie gases anc I'emoved ; these- 
are. purilieel in a serul'her. and lla-n conducted 
to a tall elnmney. 

W('ll-made suj>erplio;*phat(' is a jioroiis mass, 
the eavitucs being dm- t«* imprisoned gas Jt is 
iiHual to tireirU up tin- linii|)S at tlie time (>1 
maniifaeiure l>y p.issiiig it through a lotavy 
Hcreen, and to luilln-r giind and scre'cn it. alter 
ntsiring and be'forf- delivery If mixesl manures 
aro to he made, ihv ol lin ingredients are. added , 

while passing through the disinti'giator. 

By adding ammonium siilpliate or other 
nitrogenous material, with or without potusli 
salts, ■ corn,’ ' grass.' * mang<’l,’ and jiolato I 
niamiri'S are prodm-eil. Soiliuiii nitrate cannot 
safely lx- addeil t" siipeiphospliate, unles!, llu' 
lal.tiM' IS ver_> diy ; if this pieeaul.ioii is negle-eted. • 
free intrie aVid is piodm-ed. the immure bags are ' 
d<*strov<-d, and seiious nnsehu-f may oecur. lo , 
employ ammonium sulphalt- and sodium nitrate 
together is still moie ohj(‘ctionahle, as am¬ 
monium nitrate im formed, and even when it does 
not suffer deeom[«>Mtion it ruins the manuie by 

Its di'hipieseeiMM' 

Ordinarv sujierjihospiiato is made from a 
mixtuiv' of phospiiates. and containB 2t> p.<‘. of 
dissolved jmosphaU* (--11'it p.e. 

2-3 j».e. of undissolv(‘d phospliate. The. turnip 
manures eimtaming lione have generally rather 
less of dissolved })hosphat«‘, more of nndissolved, 
and nearly I p e. of nitrogi'n. Special munnres , 
of greater stnmgth are also ])rej)ared. From i 
high-class phosphate, superphosphate contain¬ 
ing 30 31 ]*.('. dissolvi'd phosphate (13'7~U’2 ' 
PjOj) may be obtained. High-grade Flornla . 
rock will yii'ld su}iorphosphate containing 3H- 3St 
p.c. dissolved ph(»spiiate (17'4~l7'ff From 

Ocean Island and Christmas Island phosphates, 
superphosphate with 44-45 p.e. dissolved jihos- 
phato (20'2-20-ff PaOj) may be prepared. 

Far richer supeiphosphates are obtained by 
the proec«s patented by Packard {Eng. Pats. 

«750, (1752). Superphosphate, preparod so 
oe to bo rich in frw phosphoric acid, is extract'd 
with wator, the solution ovaixiratod to sp.gr 
M 25-1 *300, and sufficient ('aleium nliosphatc, 
carbonate, or hydroxide ^addocl to leave one- 
third of the phosphoric acid in the free state. 
The solution is then liltored, and the filtrate 
evaporated to dryness. The product contains 
about 40 p.c. of soluble phosphoric acid, equal to 
87 p.e., of Bo-callod ‘ soluble phosphate.’ This 
superphosphate has a special value wnere manure 
<5 irs to be conveyed a long distance. 

There is a large export trade in|Engli«h'made 
superphosphate. * 

Gyi0um. This has in most cases a very 
small value as a roanun*. Where suporphos- 


phate is employed, it is applied in this manure. 
Massive gypsum is imported from the bouth ot 
France. It w’as foniKwly used as a fluent in 
making tlie, lower clnKS of superjihosphates, but 
its place is now taken l»v Belgian phosphate. 

11 iH an exri lleiit dner for mixing with damp 
rminure. , ,, 

Lime, chalk, and marl. Tiu'se lan hardly 
be classed as aildieiid manures, lus they are not 
g«uieiallv applied as plaid- foods, but for the 
sake ol'the eoiisideiiible amelioration of the soil 
whieli they elh'ct. 

Potassium salts. Th<‘s*‘ will be found de- 
Hcnlxsl under liieir own liead. 

Tuk liKi-ATivi-; Vai.iik or RIanuhtcs. 

We have described as bijelly a-s possible the 
vanoiis jidrogenous and ]tliosphatic iiiaiinres at 
present used. M’Ik' impoilaiit ijiK'stion remains, 
Have tlie ndrog(Mi am! pliosplioi'ic acid the same 
value 111 all tliese manures V and. if not, what is 
the dilfenmce ot valm* V This (pu^stion may bo 
eoiiMidi'red Ironi (I) a (nvde point of view, viz. by 
eahuilaluiL' Jrom (lie market piiec of various 
manures what is llie mom'V vaiui* of their chief 
constituents If tlie ))ne(*s given for manures 
wen' determined by an accurate knowledge of 
their elled. in the Hold, tlieso prices would 
really sliow' us (heir average relative value. As 
a fact, nmikel- ])n('('s do giuieraliy indicate, 
though sometiiiH's very nnjM'rtectly, the rtdative 
maiiuniig value ot 'different manures. The 
imd,t('r ma\ aUo ho. considered from (2) the data 
afforded liy actual iiivu'stigalion. In this ease, 
w<' soon (ind tliat the- numlK'r of available in- 
vi'stigatuuis IS insulhcient, and that the relative 
valiK' of till' same manures ddloi-s more or less 
with dilTereneivs in the soil, ('roj), and season. 
(Vrtaiii points, liowi'ver, arc fairly well estab- 
; Jished. 

Ni(.ra1-(‘s are. in a large niajority of coses, 
the most aol-ive, and tlierefore the most valuable^ 
form of nitrogc'ii. (lomparisoiis between si^ium 
nitrate and ammonium salts, containing similar 
amounts of nitrogen, hove been made for many 
I years at Rothanisted, and also at Woburn. 

Witli cereal crops the nitrat-e, on an average, 

' yudds distinctly more corn and considerably 
inore straw tium the ammonia. 'J’lie produce 
by the nitrate is most in excess in dry seasora ; 
in a wot seiu<on the ammonia may be superior. 
On pasture, the ndative supiwiority of the nitrate 
is ahout the same as with cereals. With po¬ 
tatoes, ammonia, apparently, is equal to nitrate. 
With maiig6l-wur/.el. or sugar beet, the nitrate 
is far superior. A good result with ammonium 
salts i.s much more dependent on the presence of 
ahiindaiK’e of phosphates and potash in the soil 
than is the ease with nitrates. Nitrat-ea and 
aminoniuin salts, in favourable circumstanoefi, 
give all their effect in the first year of their 
application. 

('vaiiamide, mider favourable conditaons, 
gives Visults siniifar to those obtmned from a 
corresponding quantity of ammonium sulphate, 
but its action depends upon its time of ap^ca- 
tion and upon suitable weather, and probably 
‘ upon the texture and composition of the soil, as 
‘ well as on biolc^cal considerations. Jt is beet 
' used after admixture with superphosphate, 
i though it lias the incidental effect of ‘preoipi- 
i tatinc ’ soluble phosphate. It is not a pleasant 
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sufastance to hazidle in its raw condition, and, if 
iovn alone, it should be sown by moans of a 
mechanical distributor. 

The effect of organic nitrogenous manures 
differs in different wtiN. In a clay soil, bones 
decompose so slowly iw to l>o of little value. 
Organic manimw, as sluiddy. oilcake, boni\H, and 
farmyard manure, yield «)nly a small portion of 
their nitrogen t«.> the ci“op during the lii-st year, 
and several yoai-n will elajwe, before the supply is 
exhausted. The continued ust* of such nianiuoK 
increases the projiortiou of nitrogen m t he soil. 
The proportion of the nitrogen m tlie nianurf' 
tliat is recovered in the (Top is frequently 
smaller than that oht.amed under favourable 
(urcmnstances m one season from the applica¬ 
tion of sodium nitrate, the slowly acting inanupis 
being, in the case of arable land, Huhjo(;t to mi 
annual loss of nitrogen as nitrates by drainage. 
Organic nitrogenous manuros are more active 
in proportion as thev aic iinely divid(Ml, and 
when ap])lied to a wi'll-aerated soil. M'hey are 
host a])j>li(‘d in autumn, wJnle nitrates and am¬ 
monium salt*! should he applied in sjinng. 

ih)t culture cNjx'riments have Insai madi' by 
Wagner on vanoiw nitrogenou.s nianuics. H 
the crop yi(dd olitamed from sodium ml rate hc^ 
represented liy 1<H>, the relative eHicacy of a 
like quantity of mtrogmi supplied in other 
fertilisers proved t.o he os follows - 


•Sodium mtratc . 

10 (> 

Ammotiium .sulUs 

. 94 

1 ‘cruvian guano . 

. H7 

(ircon plants 

. 77 

Horn nuN'd 

. 74 

Dried blood 

. 73 

Oast-or caKi' 

. 73 

Wool-dust 

. 2ff 

Cow manure 

. 22 

J.K)ather meal 

10 


But it doojj not necessarily follow tliat these 
figures represent tlie relative value of the 
f^iiiser in all the varied conditions of jiractieal 
farming. This suhjec^t is btnng investigated by 
held trials at Kothamsted. 

The relative value of different forms of piios- 
bates has been a subject of much controversy, 
ome mineral phosphatoH (as apatiU^) having 
been found almost uselesa as manure, it was too 
hastily concluded that (with the exception of 
bone and guano pliosp}iate.s), only phosphates 
ai^uble in water were effective. It has been 
maintained that very fine grinding will render 
saxy phasphate as available as soluble phosphaki. 

Jn considering the subject we should bear in . 
mind that the phosphates in the soil, on which 
plants fe<^ are not soluble in water, drainage 
waters being free from phosphoric acid. Soluble 
phosphate when applied to a fertile soil is quickly 
precipitated, and is generally finally converted 
into a hydrattKi feme or aluminium phosphate. 
The practically insoluble phospiiat^ of the soil 
are dissolved by the aiud sip of the root hairs 
immediately before absorption by a crop or by 
the oarboniC'Ocid-laden water of the soil. 

One great advant^e possessed by a phos¬ 
phate soluble in water consists in its diffusioility. 
When rain falls after mi ap|dication of super- 
phosp^te, the phos^oric acid is distributed in 
the soil more perfectly than can be achieved by 
«ty othm* mo<fe of ap^catmn, and consequently 


a greater number of root hairs may come in 
ooutaot vrith it. Buperphosphato is thus more 
immediately offeetive tnan any other form of 
pliosphato. The superiority of superphosphate 
is, however, not shown iu the ease of some soik 
very poor iu lime, and in which Miy additional 
Hup})ly of acid matter is hurtful to the plant; in 
such eibses an asstimlablo undissolved phosphate 
may produce a better result. 

In view of this, an article known as ‘ basic 
suporffiiosphate ’ is, on the ttuggeation of Mr, 
.Tolin Huglios, s(^nt out by various manufacturers. 
It consists of sujicrphosphttto ncutralisod by ad¬ 
mixture with suflicient lime to convert tlie 
originally soluhlo phcwpliate into ‘ precipitated ’ 
or * reverted ' phosphate. 

On such soUh (poor in lim(‘), basic slag, 
J'<Tuvian guano, or lino hone meal, also lind an 
a])propriii(c placi'. 

NumorouH experiments hav(^ Uicn mode re- 
gnrdiuir the assnnilahilify of mineral phos¬ 
phates wh(5U fini'ly ground, h apjiears that 
apatiUw and other crystalline phosphates not 
dismt-egratiHl in the soil, hav(^ a very smidl 
effect u'* manure oven when liindy ground. Tho 
small crystallme grains of tho Somme phoapliato 
lie m this category. Tlio majority of minora 
pliosjiliatos aw', however, effective as manure 
when very lincly ground, hut to a different ex- 
Uuit on (iiffiTcnt soils. 'I’lic conditions favour¬ 
able the use of undisaolved phosphates are 
]>Te.scnco of humus and absence of lime. On 
the moor soils of <»crmany, where such con¬ 
ditions prevail, basic slag has had its greatest 
success. A calcar<;ou.s soil is the one most un- 
siiitabh' for the use of undissolved phosphates, 
ealcuim earhonaU' offering a great rosist^ce to 
the solution of calcium phosphate (Chera. Soc. 
Trans. IS6«, 313). 

It is generally admit.ted that precipitated 
dioalelum phosphate is nearly equal in effect to 
soluble phosjdiate. Jdiosphutes that are soluble 
in ammonium citrate (including the reverted 
phosphate of su]»erpho.Hphate) may be safely 
regarded os osHiniilahle by plants; in America 
they are regarded as of about ecjual value with 
wat^T-soluble jihosphate: that they are so 
always is cei-tainly 0|)en to doubt. Phosphates 
that are insoluble in ammonium citrate are 
often effective as manure. Ammonium citrate 
gives tlms no safe distinction between assimil¬ 
able and non ossimilable phosphates, though it 
afTords a useful approximate means of deter¬ 
mining ‘ roveited ’ phosphate in superphosphate. 

As a measure of ready availability in basic 
slag, a 2 p.c. solution of citric acid has now 
superseded ammonipm citrate. 

Special Methods op Analysis. 

'I’ho enormous quantity of artificial manures 
bought and sold ujHin the results of anal3mis has 
led to groat attention being paid to the ques¬ 
tion of accurate and speedy analytical methods. 
To enter into a discussion of all tho methods 
which have been suggested, or even of Uiose 
which have l>een ‘ omciaily' recognMed th& 
associatioAi of i^rioiilturai anedysts in different 
countries, is here impossible. H 

In the analysis of fertilisers, tlie object is 
sometimes Jme^v the determination ot a 
definite fact, such as the percentafo of toted 
nitrogen or the percentage of toted pllbspborio 
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acid. In BiH'h oases Lliom arc divers proocssos 
Bcrvjng to arrive at tite Hunw' roHultH. Some* 
times, liowov(*r, t!ie analysis is iH'oded for huoIi 
a purixwo ON tlie d<‘U‘fjMiiiati<inH ‘ aoluldo ’ 
|)h(>Hp{iaU5. H«T<i imnli (lepondK upon tlie 
int<‘r|»rct;tlion of tiio word ‘ Kr)lijhlc,’ stiioe 
Holulnlity di‘p«-jM]H not nn icly <>n the natur<‘ of 
the HoI\ent, ImiI upon iIk j»roj>orlion to tlu- 
niuterial a<‘ted iijion and Mie mode and diinitioii 
of its jij)pliejillull. Jt in therefore neee.-^sai\ 
to (hdine ' sohihilil v ’ lielore ileleriniiiCni; it 
rnforlunatefy, ditleri'iif iiilei'pretat ujiik n| solu- 
iiility have Ixmmi in vogue m dilliTent lomitnofj, 
eauHing oeiaMoiiid eonfiixion in inft rnaliomd 
trade, lint- re<'ent edoi Is to miive at infei iiatiomil 
agreement. ha\«' heim alti-ndeil with some 
nieaHiire <tf siicees.^ 

An.u.^.sjs i)k Raw MiNricjur. Piiosi'imt ics 
J)i( ‘r)iniuili<>ii i>J j)/i<>s(iln'm <n i‘l The plow 
phone ai’ul m ninieral phospliales m;,v he ; 
uei'urahdy detei mim'd eiihiT hv fli- i.se of 
inolybtlie acid or hy ulnit is somef.iines called ' 
the citiK’-ovulie-magnesiiim process, without 
the inii'rvention ol molyhdic acid. ' 

'rJM‘m are sexeial nioihhcal luiis of (he, 
n»oly))dut(' ))rociw.s winch gne faiil\ accurate 
and tlieii4ore <'oneortlaiit n'siilts in the hands 
of cari'fiil Workers. Their om- eomiiion dis- ! 
adi'antag(> is t.hat Du- ipiaiitity of sampie re|)re- i 
xented in the jiortion of sidution limdiy wanked I 
ujMin IS ms'essaniy smaller than in tlie alteriia- i 
live proiM'dute, and « (ins('(pi<‘nt ly any errms due ! 
to irmeeuraiy of ciddnation of Masks oi [)i[ielte.s 
or to lack of ('vaitncss m using lliem, are 
eorrt^spondingly mnltipheil; and tlie same 
oliservaljon obviously atlnehes !<> ernns mci- 
dental <.o Ibe washing of preeijntatcs, the 
cOieioticy of filters, ami tin* opcnafions of i 
weighing. There is eogenl reason for sujiposmg j 
that many (liangn'ements sometimes attributed I 
to the use of alternative ]*rocesses ari* due to i 
insufficient a])pr<'c)ation of some of tliese sonrees | 
of error, or to the non idiservanee of fho ])re- i 
eantions necessary to avoul them, ('onsuleia- ' 
tions <if tli(‘ pecuniary cost (»f molybdic acid ' 
somcitimes affonl a temptation to opmate on far ! 
too small a scale, ami this temptation should ! 
be ixaiisted. Thus, many eonlinontal analysts ! 
were for yearn content to operate on as little as ; 
0'2 gram of raw phospliate. fn sm-li a ease, a ^ 
ninglo nulligram of magnwium pyrophosjihate ! 
(the form in wlmdi tlie jihosplmto is weighetl) is 
equivalent, to approvimatelv M'? [).c. of tn- 
ealciuni phosphate—a gravi* eniisiderat ion in thi* 
ease of largo eargoes, th<‘ jirioe of wJiich is , 
exactly adjusted to the results of analysis, e\ on 
to the second plaei' of dia-imals. " j 

Two inodifioations of the molyhdic process ' 
as applied to the analysis of raw mineral plios- 
ImUw may be given, the first lioiiig that of (b i 
orgetisen, who has devottxl niueh lime and 
attention to the matter, the other tliat coiut 
municated by Dr. M. Ullmann. on behalf of the 
Verein Doutschor J)imgor-FabrikanU*n, to the 
International Congress of Applied ('liemistry 
in jjondon in 19(Hb Jorgensen's jittoccss 
qnginaUy pttbli8he<i in Denmark, but an account 
<n it, oommunicated by himself, ja published 
in ih'i Attaint, 1905t; 34, 302.*' As there 
are some dilforences of detail between the 
proceeseff, both of which yield accurate reenUts, 


j they may l)0 given side by side,' It will bo seen 
: that Jorgensen operates finally on a quantity 
I corr(‘sponding to 1 gram of the original material, 
i whilst in Idlinann'.s juoeesH the quantity Is 
' halved. 1 gram enn, however, hi; equally well 
t taken by doubling (he quantity of reagents. 

' • used. 

'■ Si/Jirnl. 

Jbrgi'nsen. Ullmann. 

' Nihic at id of s|i.gr Aqua r((jia (.3 parts 
; I'^l. hydrochloric acid of 

sji gr. 1 *! 2 , and 1 part 
mtiicaei<iofsj>.gr. 1 * 2 ), 

Moli/htltc Sohiho)/. 

JtM> grams of am- I5b gram.s of am¬ 
monium molybilatc are iiiomum niolylHlato are 
dis.suhed m 2 .sn c c. ot dissolved lu .'>(>0 c.e. of 
atnmomuofsp.gr. (► M7, waU-r. Tins solution 
and cc of (Ills and a separati* solution 
solution poiiri'd with of grams of ammo- 
vigorous shaking into iiiinn mtra 1 .(* arc mixed 
7(M) c.e. <it mine acid and made up to I litre, 
oi s{).gr. 1 21 . (lie mix- 'J’Jic inixliire is ])oured 
lute being allowed (<» into I litre of nitric 
’<laml for 2-1 Iioiiin aeid of sp.gr. 1’2. and 

allowed to stand for 12 
hours at i;p or for 24 
Jiours at I lie ordinary 
t<“mpcratiir<‘. 

Ilu.s7/ Fluid for Moh/Mir. PriTifillat.r, 

-10 giaiHH of nm- 32 grams of nil.iii* 
monium nitrate ami 10 aeid of sjigr. 1-2 ami 
grams of nitric acid .50 grams of amino- 
jK*r Jttr<‘ author niuni nilr.it.e, made up 

prepares this by mix- to 1 litre, 
mg IK) c.e. of nitric acid 
ofsp gr 1*4 with about 
loOO c c. of watiT, add¬ 
ing SO C.I-. of ammonia 
of sp gr 0-5H and mak¬ 
ing up to 2 lilri's. 

Maifnc.iiii Mixfiirc. 

50 grains of jmre 50 grams of pure 
crystalliscil magne- orystallisod magne¬ 
sium chloride and 150 sium ohlorido and 150 
grama of pure am- grams of pure ammo- 
monium chlondis dis- nium chloride, dis¬ 
solved and inatle up to solved and made up to 
1 Htro. 1 litre. 

liiWi Fluid for Ammonium-Magnesium 
Prf'cipilnlf. 

Ammonia solution Ammonia solution 
containing 24 p.e. containing 2 .J p.c. 
NH 3 . (This may bo NHj. 
made by diluting 100 
parts of ammonia of 
sp.gr. 0 01 with w^ter 
to 1 litre.) 

Method of Jorgensen. I'ive grams of the 
mineral phoejdiate are dissolved in 20 c.c. of 
nitric acid in a 250 c.e. flask. After gentle 
boiling for 15 minutes, the contents of the flaak 
are coolwl, made up to 250 o.c., and filtered. To 
60 c.c, of the filtrate {=» 1 gmm of the phosphate) 
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in a bcaker-fli^k, lUS c.c. of the molybdic solu* 
tion are added, and the flask and iU contents 
placed in a wat^T-bath at a temperature of 60“ 
for 10 ininut<*i*, with occasional stirring. After 
cooling and standing, the supernatant li({uid is 
pour^ through a lilter and the jirecijutatc is 
washed 10 times by decantation with tlie acid 
ammonium nitralo Holiition, about iiO e.e. being 
used for each washing. 'J’lie filtrate sh<m!d bo 
testoil with more molybdic soiution to see that 
the precipitalion is eoinj)h‘te. 'Flu* washed 
precipitate is dissolved in 100 c c. of 2| ji.e, 
ammonia solution, and filtmed, it necessary, 
through the filter whieh served for its sepanition, 
the filter being wjuslu'd H times with ammonia 
Bolution, until the final vi»lunie is about IM> c.c. 
The iH'aker-lhv'^k i.s eovcicd with a clock-gla-ss. 
tho ciintenU lufuight ju.st to boiling-pomt, and 
30 to 35 c.c. of f he magne.sia mixture addisl <lrop 
by <lrop from a burette, the whole b<“ing well 
stirred and alloweil t(> cool with fieipK-nf stirring 
as hmg a-s it romain.s. It t-he pnn ipitaO* is 
not compact and uryslaliine, the stirring during 
this time Hhould he, continuou.s. After st-aiiding 
for at lea.st 4 houis, the precjpitafo is tillered <»fl. 
using a plafinum (dooclij <Tu^ihle jiackeil w'lth 
spongy platinum, and w’usheil with tho 2A ji.c. 
ammonia solution until fro*' from chlorides, anil 
once with nlcolml. It is then dried. heat<'d (at 
first gently), and tlien iginlc'd strrmgly, cooled, 
and weighed as 

Mtihoil of {’!ltnai>}i. I'o 5 grams of ihe 
phosphate in a 5<M) c.c, flask. 50 e.e of or/w m//a 
are addeil. tlu' whole, Ix-ing evaixiraled nearly to 
the eonsisU-iiev of suiip lor tfie I’liimnalion of 
silica. Tlie rcsi<|ia-, aftei fi<‘t,titig to an approxi¬ 
mately solid ina.ss, us taken ii[> witli 10 e.e. of 
nitric acid (of sp.gr. 12) and 50 e.e. ol water, 
boiled, cooleil. niioh* U[) to 500 e.e. with wati'r, 
and filtered. 50 e.e. of tlie liltrale ( -0 5 gram 
of the phosphate) are tieatod with an ex<-e«H of 
molyhdie .selulioii (at least I<M) e e. for <*very 
0*1 gram of l^.^Or,). and digested in a waier-hath 
at 50 ' for 1 hoin. After sutlieient standing, the 
NUpeniatant lnpii<i is pour<‘d l.hrough a small 
close filter, and the preeipilatc washed re¬ 
peatedly by decantation until free from calcium 
At least live washings with 20 e.e. each time are 
rocommendi^d. Tho filtrate should be tested 
with molybdic solution to see that the jirceipi- j 
tation has boon complete. The jirei-ipitate is i 
dissolved with from HO to 100 <-.e. .of the 2^ p.c. \ 
ammonia solution, an<l filtered through the same i 
filter which served for its separation. Tho ; 
filter should then l>o washed five or si.x tinii's | 
with hot water, until thti total volunn* of tlie i 
solution is from 130 to 150 c.c. The solution is | 
warinod to 00'^ or 80", and immediately preeipi- | 
tated with 20 e.e, (or a sufiicieney) of the neutral l 
magnesia mixture, added drop by di-op with | 
constant stirring. Aft-er at least 4 liours’ | 
standing, followe<l by half an hour’s stirring, J 
the precipitate is allowed lo rest, filtered, and , 
washed with 2| p.c. ammonift soiution until the 
washings are fi*ec from chlorine. Tho precipitate ^ 
is dried, gently lieated, ignited to constancy, and : 
weighed as MgjPjO?. 

CrtEIO-OXALlO-MAONESITTM PROCESS. 

Tho phosphoric acid (and incidentally tho 
lime) may be correctly determined in the 
toUowing way. Two grams of tho mineral 
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phosphate are treated with 25 c.c. of strong 
hydrochloric acid in a boakor covered with a 
elook-glasB to avoid loss by spraying. After a 
few minutes' warming. th<' clock-glass is washed 
b.ack into the boaki'i* anil removed, tfio beaker 
b'Miig jjiacoil in a water-bath and tho contents 
evajioriili'il to drviH*ss. 'Diis riwiilU in tho 
j elimination fmm solution of not only silica, but 
' ot fluorine eompmmds, tho removal of which is 
I e.Hsential to tho accuracy of the process. Mere 
! ovapoftit ion to dryness with a small quantity of 
J hydroehlone iwid is inHullicicnt to ensure this 
! removal. Jt is neeisisurv lo use at least tho 
large quantity of luid sjs'eifiiMl (25 c.c.), so thati 
' its evajioration may extend ovit several hours. 

^ ('J’he non-ol)8erv aiice of this proeaution is a 
: fruitful source of error, nwulting in tho subse- 
' queiit formation of magnesium fluosihoate and 
j couseijijeut over estimation of phosphoric acid.) 

! I’hi* dry ri'Kidue is takim up with 5 or 10 c.c. of 
liydroiililone acid and about 20 c.c. of water, and 
I warmed, 'fhe silica, together with pyrites or 
other msolulile mattei-s, is fil0*red otT and 
' thoroughly waslied. 'I’o the filtrate and wash- 
: mgs (MM'asuring about 150 <‘.e ). 4 grams of 
' powdi'ied citTK" acid are added and 3 to 4 grams 
of powdeiisd ammonium oxalate. 'I'he solution 
IS floated nearly to boiling, and rendercwl just 
; alkaline with dilute ammonia (sp.gr. about 
; 0‘070) anil excess of a<*etic aehl is inimediatoiy 
1 addeil and the licpiul is boileil fora few momeuts. 
I’ht' eali'iinn oxalate js mimediately filtered oft 
and washed several limes with boiling water, 
lined, and igniteil over a yellow argand flame, 
and weighed as ('a(!0;,. 'I’he precipitate con¬ 
tains all the calcium. It may contain very 
minute ipiaiititK-.s ot ferric oxide, aluminium 
oxi(ie,or mangani'si' oxide, and a minute quantity 
of phosphoric ueid On this account the precipi¬ 
tate. after Ixung weighed, is dissolved in dilute 
hyilrochloric ai'id, the solul-ion iMung boiled and 
treated with a slight excess of recently ddntwl 
ammonia. The small precipitate which forms 
IS filtered througli a small filter, wa-shed, and ro- 
ilissolved in a little dilute acid, the solution being 
boiled and again treated with a slight excess o! 
ammonia. The precipitate is washed, ignited, 
and weighed. If this small precipitate woiglis 
only 5 or <i milligrams or less (as is usually tho 
ca.se in the hands of a praetisoil worker), it may 
be assumed that the preeijiitate contains P3O5 
equal to half its own weight of Mg.jP2()7, this 
assumption being based on the analysis of a 
large number of such precipitates. But if, 
owing to unskilful work or to any peculiarity in 
the mineral under investigation, the quantity 
is greater, the little pi(*eipjtate may be^ ro- 
diHsolved in hydrochloric acid, with the addition 
of about O'l gram of citric acid, and its solution 
addiKl to the original filtrate from the calcium 
oxalate precipitatix 

This filtrate is iflade strongly aramoniacttl 
and the phosphoric acid procipitatixl by the 
gradual addition of magnesium mixture, a large 
excess being finally added. The gradual 
addition and vigorou.s stirring are both neceftsary 
to ensure Aat tho precipitate comes down in a 
compact crystalline form. Tho whole bulk a^i 
this stage will be about 350 c.c. After 2 to 3 
; hours, durint which the liquid is frcquimtly 
stirred—or after standing, if more convenient, 
over-night—the greater jmrt of tho Itquid is 
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docantod off throu^ih a clo«o leaving 

about 40 c.c. of if in tlic licaki'r witii tho precipi* 
tate. Tho filter jh wahln?tl witli dilute hydro- 
chlorioacid, the li(nng ukchHo mliHBolvo 

the preripitiile in the healoit. After crmiplele 
ro-H<»luti(»n, tin- roiit<‘nlM of tln^ beaker are 
rendeied ain(iioMi.ienl ij_y nlowly dropping in 
dilub' aninionia witli vigorous utirring until the 
proeipitul-e aM-siimcK as l»efore a donso cryMtalhue 
form. KxeoHS of amnumia solution (sp gr. O HStt), 
e<{ual to about oiu' lillh or ono-Hixt h of t.8»‘ bulk 
of the lirpiid, is added and the whole alli»we<l to 
stand witli oceasional vigor<»us stirring for at- 
least oiu' hour. The jtn'eipjlate is then filti-usJ, 
washed well with ammonia (sp.gr. (Im'sI. 

ignib'd, and weighed as Mg_.i*2^^7' 

'riio re-Kolutum ami second j)r<‘eipjtatioii of 
tho ammonium magnesium jiluKsphate is an 
essential feature of t lu^ piorr'ss, since m th<‘ IiinI 
precipitation small ijUuntitieH of magnesium 
oxalatenre usually lormed. The non-olisei vam e 
of this preeaulum has beiui a ftequetil. soukc of 
* higli ’ n-sults. 

'I’lio j)reseii<{‘ of amnioniiim eitiate arul am¬ 
monium oxalate resull.s III t.li<* reteiilMiii in solu¬ 
tion of a minute (piantitv of J’-Op- l*i earlier 
days it was usual to pre< ipitale the aniinonium 
magnesium ^jliospliate, in a flocculent. form, by 
the Huddmi addition ol auiinoma and magne'‘ium 
mi.vture, niul under I hes<‘ i trcumslaiu'es for 
<‘.xample, (he original diixH-tions ol l''n's<iniuH) a 
very siibslaiitlai collection was lu'ccssary for 
solubility of the pn cipitatc Crystalline precipi 
tat’ion, hovM'ver, rediici's t his to a nmiimuni. and 
Mil' accurate detmimnalion liy inolvbdic acid oi 
tlio phuHpliorie a*ul in the evajiorated and 
ignili'd filtrates obtaiiu'd in n largo numhor of 
analyses of nuineuuis grades and varieties of 
phosphate indicates that, it tho procosa Is- earned 
out as hero ilescrihed, the ([uantity of 
which escftjM^s jireeipitation corresponds to 
an average of approximatoly (t-(X)2r) gram of 
Mg,Pj);, which (luiintity must bo added to tho 
weight of obtained, tf)getb<'r with half 

the wi'ight. of the smaJl ammonia precipitate 
(obtained from tlu' calcium oxalate preeijiitatc), 
unless this was rinlifwolved into llu' main liltrale 
(«(?« above). 

If the ])rccautions lii'i’ein set. forth are ob¬ 
served, tho ri'sults will be identical witli those 
obtainabie by the acourati^ working of the 
molylxbe process us dolined by .lorgenseii or by 
Ullmann. 

UiRBtT MAONKSIUM PKKl’iriTATION WITHOUT 
HkMOV.-XI. of CaU’II’M. 

This process consists in adding to tlie acid 
solution of tho phosphate a^argo oxci'ss of citiic 
acid, sufficient to jirovcnt calcium precipitation, 
and of ammonia, and in the dii-oct precipitation 
of tho phosphoric acid by magnesium mixture, 
without ro-Holution. This^rocees (with eertam 
precautions) answers well for basic slag (see 
later), and in some hands ap}>ears to give good 
results with minerai phosphates. It does not, 
however, answer e((«aily well for all phosphates, 
and the result, even when accurate; owes its 
fttccess w> a balance of positive and n^ative i 
enors, since the precipitate finally weighed does | 
not consist of pure MgjPgO,, as is i|.sumed to be ; 
tho case. For rough worit, as m phosphato j 
prospeof^ng, when an error of 0*5 p.o. or so is i 


of no moment, it is excellent, being expeditious 
and involving a minimum of trouble. It is 
<!sseniial that silica should lie eliminated by 
jirelimmury evajioration of the acid solution to 
dryness as in tlie preceding section. 

Dftkumisation ok J^’hioiic Oxide AWi) 

. Aimwi.sA IN Mim;iiai. Fhospuates. 

'I’he solvent used should he hydrochloric acid 
rather than affiia ikjiu. I’lic hitter is sometimes 
rt'comiueiided. h'or m.niy jdiosjihates it is 
I pcrhajis immaterial which Holvenl. is used. Rut 
i some jdio.sj)liutes (such as American river pebble 
I phosphates) I'oiiiain much jiyntes. If aqua 
j lojiit IS used, this is dissolved and included as 
[ ieine oxnle winch is misleading, seeing that 
j fiyiit(‘s is not atiaeked by tlie sulphuric acid 
! used 111 siiperjihospliate making, and is consc- 
I (juently noii-mjiinous It should, therefore, be 
eliniiiiated with the silM a. as is tlio ease if hydro- 
elilonc acul be used as tjie solvent. 

Tlieie aie two methods in use which accu¬ 
rately detennine icnic oxide and alumina. 

Achtatl: Miituoi). 

Two grams ol piH>sphal<5 an* trealed with 
strong Jiydrochliuic acid. The stdution is 
evapoivileil to dryness and the residue redis- 
solved 111 acid and watei mid filtered from tho 
silicioiis re.sidm*. Tin* liltrnte is oxidised by 
, mhlition of bromine Wiit.(‘r until orange coloured, 
j nearly neutralised with ammonia, cooled and 
I jiriM ipitatcd with a good excess of ammonium 
i aci't-ate solution containing an excess of acolic 
i acid. AfU'r standing some hours, the jireeipi- 
! tate IS flittered off and washed witli hot water, 
j 'rho bulky ]irecipitate eonlmna all tlie ferric 
[ oxide and aluinina (as phosphates), together with 
: a. varying quantity of calcium ])liosphato. It is 
j dried, lunitcd. ami weighed. It is then dissolved 
I in a very small quantity of liydroehloric acid and 
about 1 gram of citric acid and 0'5 gram of 
ammonium oxalate added, slight excess of am- 
nnniia. and then excess of acetic acid. After 
simmering gently for half an hour the calcium 
oxalate is filtered off, ignited, and weighed 
as carbonate. Tho ]>!iosph(>ri<! acid is tlien 
detornnnod, exactly as m the citric-oxalic- 
inagnesium mctliod of plawplnito analysis al¬ 
ready described—exeejit that tho operation is 
conducted all tlirougb in solutions of very small 
bulk. The sqm of tlie lime and phosphoric acid 
rloductcd from the weight of the ammonium 
acetate precipitate will give the ferric oxide and 
alumina. The iron is determined by precipi¬ 
tating the total filtrates and washings from tn© 
precipitation and reprecipit.atidn of the am¬ 
monium magnesium phosphate with ammonium 
sulphide. If allowed to stand for an hour or 
two at a temporaiuro of about 80®C., tho precipi¬ 
tate settles well, and may bo rapidly mterra, 
waslied with hot water to whicli a little ammonia 
and ammonium sulphide are added, ignited 
strongly and woiglfcd os FojOj. The aluminaJs 
obtained by difference. The method is tedious, 
but accurate. 

Modified Glaser Method. 

Tho following method, modified from that of 
Glaser (which originally, but inoorrectly, assuzned 
a constancy of composition of the precipitate of 
mixed phosphates) is somewhat shorts, and 
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givM results identical with those obtained by 
the metiiod just described. 

Four grama of the phosphate are treated 
with about 25 c.c. of strong hydrochloric acid 
evaporated to drynevyj. Tlie residue is 
taken up with 10 c.c. of strong Kulphuric acid, 
about an equal bulk of wat«‘r Ixung cautiously 
added. After digestion in a watoi-balli for 


poured^ with oonatant stirring* and kept for 
about an hour at a temperature of about fOO^O., 
with occasional stirring, preferably with a 
nickel spatula. The liquid is cooled, and made 
up to 250 c.c. m a glass flask. The wmtenta are 
, lilU'iXHl.and 200 c.c. of the liltrabi ( = 1 gram of 
, the phosphate sample) mixed with 50 c.c. of a 

auutHi. iiiwi — ..-.. i ^'"iutiou of ammonium chloride (125 gramsjwr 

about I hour, the cake of caleium sulpliate is ' hti-ti). Hutliciont hyilrochlorio acid l>eing added 
well broken up by stirring with a glass rod,*^an<l ; to dismilve hucIi orecipitate as is fornuxl. Am* 
the whole contents of the beaker are washed inonia is then addetl in very slight excess. After 
into a 200 c e. flask with ordinary strong alcohol : boiling for 5 minutcH. the preidpitate is filtered 
(methylated sinrit). and allowed to remain for 1 off, washed slightly with water, and ro¬ 

an hour with frcipienl .shaking. The contents i dissolved through the filter into the original 
arc then made up (with spirit) to 2W c.c., again ■ hcaker with a litth^ ]0 p.c. hydn*ehloric acid, 
well shaken and liltercd rapidly. Of tin* clear ; the filter being washed with wat.cr hvo or six 
filtrate 1(K) c.c. ( — 2 grams of the sample) arc ; times. The solution is tivated wit h 5.4 c.c. of a 

evaporated in a glass or porcelain basin until the ; solution of jiure aminonuim phosohato (10 

refliduo fumes and begins to ‘char,’ when it is • grams jier 100 c.c.), and ammonia added till a 
waslied with a little hot water into a hcaker and ! perinanent precipitate is foi ined, and then 
mixed with sullicicnt bromim^ water to make it [ sufficient dilute hydnichlorie aiud to Mam 
fltronelv orange-coloured. After standing for ] dissolve tho precipitate. The fluid w diluttid 
half an hour, tho liqui<l is heated nearly to i to c.c , when 10 c.c. of a.solution of arnmo- 
boiling and piTci})itated with slight excess of ' uiuin hyposuljihito (15 grams per 100 c.c.) ^ 
ammonia, keiit in a water-bath foiliall an hour, ! poured in. After half an hours boding, live 
and made sligfilJy acifl with aectic acid. 'I’lu* i drops (»f a saturated solution of soilium Metate 
precipitate (which, un<l<*r these coiirlitioiis, con- i aii' added, and. alter .5 minutes' further boiling, 
tains only jdiosphone acid, feme o.xide, and ! the precipitate is filtered off and washed seven 
alumina)'is filteieil off, washed with a slightly | or eight times witli water. Tho procipitato, 
ammomacal 20 p.c. sihition of ammonium j which is granular ami not gelatinous, is ignited 
nitrate, dnoil, ignited, and weighed It is then • to constancy, and assumed to have the com- 
dissolved in a litth‘hydroclilono acid, I gtam of jmsilion ul pure aluminium j.hosphato. Its 
citric acid is add*‘d to'tlie solution, which is then i weight inultijiiKMl liy 0-418 gives tho alumina 


made ammomacal, and the phosjihoric acid 
determini'd by precipitation with magnesium 
mixture. 'I'hc total bulk of fluid should he kept 
within about lUO c.c. In this case, the luvcipi- 
tato of ammonium magnesium phosphate does 


in 1 gram of the sample. 

ANALVSIS of Sin’FUl'HOSniATE, J)lSSOLVEI> 
JiONKS, &C. 

. ‘ Moisture’ is coiiventionallv determined by 

not need i-o-solution and re-prooipitation, seeing |,. drying to constancy at lOO^O. The roeult 

that no oxalate is priwent. The iron is precipi- i cases, he statiMl as ‘ moisture ’ 

tated from tlie filtrate with ammonium ^ UK)‘'(k), because the figure obtained is 

phide, as in the jircccding jirocws, and tho moisturo in the true sense, Binec it incl 
alumina is arrived at by difference. 

La.SN£ riiOCBSS FOK J)lRECT DeTEUMINATJON 
OF Alumina. 

Objection has been sometiMics raised to the 
fact that, while in tlie proeejiKOB already de¬ 
scribed, ferric oxide is determined directly, 
alumina, on the otlier hand, is taken by differ¬ 
ence. The following iiroeeas, os dceeribed by .. " . ; . , .. t 

H. Lasno, affords a corroct nictlioa lor tho diiwt solubility was ilctcrminod by fractional oxhaus- 
determinotion of alumina. It has been fro- tion with succiMiyo small q^uantitioa of Mid 
quently teek'd by the writer of this article, in water (with or without a final exhaustion wth 
whoso oxperioneo it gives results substantially hot water). On the continent of buropo it hM 
identical with those obtained by the two long been usual to dissolve m a largo bidk^ 
differential methods already quoted. In cither water at one oMijition. The former 
ease, whether a direct or an indirect method be ; usually extracted somewhat more phosph^ 

used, success dctiendB upon delieaey of manipula-: acid than the latter 

tion and strict attention te tho details pro- i occurs on dilution between the 

acribeii 1 phone acid and they nsoluble phosphate. M 

Five grams of phosphate are treated with ; this depends upon fee % 

hydrochloric acid, the solution being evaporated 1 tho original phoj'hato, and ™ 
to dryness, taken up withVk) c.c of 10 p.c. i dilation, the difienmees ,n the nsirits^o ^ed 
hydn^hloric acid, and digested at about 100»f. ! by the two methods 

lOT 1 hour. The solution is diluted to 600 C.C., I being sometimes negligible, but oocasionaUy 


not moiBturo in the true HenHc, Bince it includos 
a varying quantity of water of hydration. True 
moiaturo can only be determined by dyng to 
constancy in mend over Bulpluiric acid. Tho 
result in that case should be stated as ‘true 
moisture ’ {i.e. loss in rncu6). 

DWTEKMlNATiON OF SOLUBLE PHOSPHATE. 

Formerly in England, and still in America, 



phosphate are uussoivcu au av u* t ....x ;ii' 

distilled water in a nickel basin. Into this now rim 

solution the 125 c.c. of phosphate solution ore ! method officially laid down in lOOfT by the 
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Hoard of Agrioulturo for uh<* iindor tlio Forti* 
Ifflero and Foodin^ StiiffM Act:— 

* Jii the (d HU[K*r|)li()M|)hatos, dissolved 
l>ones and sinnhu siihslant'cs, 20 grams of the 
fearnple !«• enntmuoiisly agilated for ^{0 : 
ininut'K in n Husk wiDi HOO < <•. of water. ; 
'f'h(‘ flasL sliall tfa-n he filled lo the mark, and [ 
again Kliaken, ami the eonteids shall 1>(‘ I 
li)tei<?d.’ I 

The mode of determinalion of jihoHj)ha,(<* in 
the wafer solution thus ohtained is olficially ! 
prr?Herih(‘d as follows;— I 

‘ r»0 e.e of th(‘ liltr.afe shall he htnled witli ■ 
20 ('.<•. of eoii'-enfraled mine a< id. and the 
phosphone acid nhall he (h‘l<Timned liy f,he I 
inolyhdate method |)r<‘seiihed helow.’ ' 

OrpioiAi- Moi.viidatic Mi'rriion (IhiAun of 
Aohicim Ti'iii:. hiOH). 

‘ d’o file sohiliMTi, wlindi should fireferahiv 
contain Irom 0 1 to 0 2 gram ol pin sjdione j 
oxide I0() to IhO e e. ol molyhdu' ! 

acid solulion prc'paied as deseiahed hel<iw, oi I 
an excess of such solution, /.e. more than js 
suni<‘ient to preeipilati* all the pbosphorie 
oxide ])n‘Heiit in the H(ilution. shall he added, 
and the vesstd eonfiiining the solution shall he 
plaeed in a water-hath maintaine<i at 70' for 
Jh minutes, or until llu‘ solution has reached i 
70’. It sliall llam hi' lakmi out of tlio hath ' 
and allowt'd to etiol. and tlu‘ solution shall hi' ' 
lilU‘T(M|. the phoHpho molyl>dat.(‘ |iie<'ipMate 
heing wusheil several taim's hy de<-antaiion. | 
and linallv on tin* pnjier with 1 ji.e. intno acid | 
solution. 'Hk' lilt rale and washings sliall !)<• j 
mixed with mon- molvhdie aiul solution ami ^ 
allowed to stand for some time in a M’arin | 
plivce in order to ascertain lliat tin* whole of I 
the pliosplmrie oxide has hiam jirecipitafed. 

‘The jihoHjdin.molybdate preei]iitalo sliall ; 
he dissolved in eolrl 2 p.c. ammonia solution, i 
jiri'pared as described below, and about ItKt e.e. | 
of the ummonia solution shall he used for the ! 
Hoiuthm and wasliings 15 to 2t) c.c. of ' 
magnesia mixture prepared as des'^rihod Ixdow, i 
or an exeess of su<-h mixture, i c. more than 
sunieieiit t-o priH’ipitate all the jilinsphorie ' 
oxide present, shall thmi he mided drop by j 
drop, with constant, stirring After standing i 
at least 2 liours with oeeusioiml stirring, the ' 
proeipitate shidi he filtered ofl', washeil Avitli 
2 p.c, ammonia solution, tlrital, and finally 
weighed as magne'^iuiu ]>yrophasphat.e. 'I'he ; 
r.ltrate and wnslimgs shall he U'sted hy the ' 
addition of more magnesia mixture, ; 

‘ (c) Pr<‘'})arnfion of moii/hilic ari l 'toliilio7i. I 
. ‘ Tlie tuolvhdie acid sqiiition shall be pre- ' 

pared as follows :— i 

‘ 125 grams of molvhdie aeiil ami 100 e.e. j 
of water sliall l«‘ ]ilace(i in a litre flask, and tlie 
molyhdie acid shall bo diasolvod by the addi¬ 
tion. while the flask is sJiaken, of IlOO c.c. of r 
S ji.e. ammonia solution, prepared as described 
Ixdow. 400 grama of ammoimim nitrate shall 
be added, the solution shall 1 h» maile up to the ‘ 
mark with water, and the whole added to ; 
1 litre of nitric acid (sp.gr. 1*10). Ttio solution 
#shnll bo maintained at about .’15® for 24 hours ^ 
and then filt<ired. , ! 

'(/) Prcjiaralion of j 

‘ Th(‘ magnesia mixture shall be prepared I 
ftfl follows ;— 1 


‘110 grams of erystalliscd magnesium 
chloride and 140 grams of ammonium chloride 
shall be diasolved m IHOO o.e. of water. This 
solution shall l>o niixi'd W'ltli 700 e.e. of 8 p.c. 
uininonia solution, and flic whole shall be 
allowed to stand for mit less tlian throe days 
and shall he then liltcied. 

' (i/) I'rrpamtiou of the ammonia eolations. 
‘ 'riic 8 p.c. ammonia solution bIhiU bo pre¬ 
pared as follows : - 

‘ t )iie voliiim* of ummonia solution of Bp.gr. 
0 880 sliall be imxcil with three volumes of 
w'ater. This solution sJiali then be adjusted 
by the addition thereto ot more strong am¬ 
monia Hohition tu uali'i as re(juirc<l until the 
s|)gr ol the solution IS n !Ht7. 

‘ Thr* 2 }t.e. ammonia solution shall he pro- 
}iar<"l as follows . -- 

’One volume of 8 ]> e. ammonia solution 
shall h(‘ mixed with three volumes of water.’ 

'I’iie soliihlo pliospliale^ may he det<*rmme<l 
(‘(jually well hy ajiplying to lOt) c c of the water 
extract, ohtaineil hy the olliciaJ method of 
extraction (-=2 grams of the original aupor- 
phos])hat:e} the oxalic-citnc-niairncsium process 
as de.*'(ribed for raw minctal plawpliat-es, 
oinit-tmg the ('vaj)oration to drynes-s ; hut in 
disputed eases in which litigation may arise, tlio 
niolvbdate method should l)l^ used. 

Holh ‘soluble ])hospliat.e ’ and ‘ insolublo 
phospluilc ’ in England an^ alw^ays stated in 
terms oi triialcium pliospliate. On the (lonti- 
neiit, it IS usual to static them m tiwms of 
witli or without a statemimt of the equivalent 
t'a,lL()„ 'J'Ik' ‘insoluhh;’ jiliospliale is esti¬ 
mated by determining the ‘total’ jiliosphate 
and deducting fnun it the soliibU' jdiosphate. 

Ueteumination Of Total Phosi'hatj; in 
FFimi.i.sEms. 

This may, in most ease.s, he carried out by 
th(“ met hods already (U^serihed for tlie analysis 
of raw nuiimal pliosjdiatos. materials containing 
much organic maticr being first inoineiuiod. 

The ollicial nii'thod ]>rescnb(‘d in England 
under the Fertilisers and Feeding Stufts Act. 
hnwever, which should he atlhered to In (lisputod 
eases, is tlie molybdate method, already de¬ 
scribed under soluble phosphate. 

The oflicial prescription of the Hoai-d of 
Agriculture for determination of total phosphate 
in tertilisors is*us folhnvs;— 

‘ A weighed portion of the sample, in which 
portion, if necessary, the organic matter has 
licen destniyod by ignition and the silica re¬ 
moved by appropriate means, shall Iw dis¬ 
solved ill nitric acid and boiled, the solution 
Ix'mg made up to a delinito bulk. The 
phosphoric acid sluall bo determined in an 
aliquot part, of the solution by the molybdate 
method prescribed ’ (.«ec above). 

Reverted Phosphate. 

The ‘ reverted ’ phosphate in superphosphate 
may bo determined as mllows : 2 grams of the 
sample are stirred up in a beaker with Bwceessive 
quantities of 50 c.c. of water, each portion, after 
settling, being decanted off through a filter. 
The water-soluble phosphate haying been thus 
approximately removed, the matter on the filter 
is washed back into the beaker with a little 
water, and the uncUssolved matter is treat^ 
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with either neutral or amiuuniacal aiumotiium | 
eitrate solution. In America, neutral citrate is ! 
used, made by dissolving 185 grams ol citric I 
acid, neutralising with ammonia (using alcoholic | 
solution of ooTixUino as indicator), and making I 
up to 1 litre. In France, a strongly animoniacal ! 
solution is used, made by dissolving 400 grams i 
in 1 litre of ammonia of sp.gr. 0 02(». , 

In the American mctluKl, the water-insoluble • 
residue refernal to is digested with UK) c.c (»f ' 
(neutral) citrate solution for half an hour with | 
frequent slmking. In tlie French method, it is 
digested with UK) e.c. of (animoniacal) solution 
for 12 }iour.'>, agitating occasionally duung tlie 
first hour. I 

1’he matter undissoht'd by the citrate solu- ’ 
tion is liltcred otT, washed, ignited, uiul dvssohcd 
in hydrochloiic or nitric aci<l and the pliosjilioiic , 
acid rlcteimmcd m it. 'I’lie ditTerciuo betwei'n , 
waier-Holuble phosphate and total pliosphate 
gives tlie insojubli^ (including reveitcd) jilios- ^ 
}>hate. The dillerenci' betxveeii this and tli(“ i 
phosphate ujKlihsohcil by citrati' solution is j 

taken as ‘ reverted ' jdtosphatt'. I 

Anaiasis Of Basic’ Si.ao. 1 

In th(“ unahsts of buMc slag, it is now usual , 
to determine (a) the percentage of ‘ Jiuci meal,’ 
(/j) the percentaec ot total plaophoiic acid, and 
(c) the jicrcenlage *4 phosphoric acid scduhlr in , 
a 2 p.c. solution of citi ic acid. 

Fine, iiital .— This is delcTinincd by sifting a 
given wcigiit of the sample t lirougli a si(‘\<‘ made 
of brass gauze, li.iving appioximalc'ly lO,(K)lt 
apertures per sipiuic- inch, of the make' known as 
‘ Amandus Kahl. No, 100 1'^ Hamburg,’ and 
weighing the lesidue. 

Ah the size ol tlie apeiturc's dejieiids upon t lie 
gauge of the wiie, the uhc of any ot her make oi | 
|)attern of gauge is a ])os.sible source of dis. , 
crojiancy. In well-ground slag from SO to 00 ft.e. 
should pass throiigii the sic-vc*. This is {•ailed , 
the percentage' of ’ b'ine meal,’ 

The tidal pliosjihoi ic acid may be determined 
ofi in mineral iilnw-pliaU's or as in either lertihsern. ; 

An excelleTit metiiod for slag. lio\vi*ver, 
giving (by an admitted balam t* of eirom) results 
identical with those of the molybdic jirocess, i.y ; 
aa follows: I're'at 2 grams of tlie slag witli 
strong hydrochloric ucid and e'vape3rato to 
dryne?SR. Take up with 15 e-.c. of hydrochlorie: \ 
acid and 25 c.o. of water, adding 2tt grams of ; 
powdered citric acid. 'I'hc! silica Is filtered off i 
and washed, and tlie filtrates aixd washings 
(measuring about, 170 c.c.) are cejole'd. a large ; 
execHS of magnesaium mixture is added and about 
50 c.e. or strong ammonia. The' liijuiel is stirred , 
cemtinuously for 15 or 20 ininute'.s by aid of u 
mechanical stirrer, and allowed to .stand witli : 
occasional stirring for 2 houm. Tlic precipitate | 
is filtered olf, dried, ignitoel, and weighed os ' 

jU 7. 

N.U.—Tliis proce'ss is largedy in use em the . 
Continent, without ol>serva»co of the initial 
precaution of evaporating th(5 acid sedution to | 
diynejw to remove soluble silica. If the slag be ' 
merely digested with a«‘id and the liquid filtered ' 
and precipitated without having bet'ii evaporated | 
to d^ness, the results may l>e seriously in excts.ss ' 
of the truth. This has licen ])oinied out by ! 
sevemi investigators, but is not yet woil j 
xeoc^nised. , j 


The phosphate soluble in 2 p.e. solution of 
citric acid is determined, according to the 
method prescribed in the official directions of 
the Board of Agriculture:— 

‘ Pho<iphaie Holuhlf in 2 p.c. citric and Mention. 

* 5 grams of the sample shall bo trans* 
fiwrtid to a steippercd bottle of about 1 litre 
capacity. 10 grams of jiuro erv-titaUised citric 
acid shall }>o dissolved in water, the volume 
shall lu' made' up lo 5(H) c.c., and the solution 
shaU b»‘ adeh'd to the we'ighcd jiorlion of tho 
saiujile in the bottle. To icssi'n tho peiasi- 
bility of caking, the portion of the sample in 
the but lie may be moistened with 5 c.c. of 
alcohol or methylated spirit before tho citric 
u' ld solution IS added ; and in that case the 
voluiiK' of tlic, citric acid sedutioii shall be 
41t5 c.c. iiiste;nil of 5(K) c.c. I’hc bottle shall 
bt> at one:e' titti'd into a mcciianical sliaking 
iijiparatuR, and shall be continuously agitate'U 
during 30 minutes, 'riio sohitiejn shall theui 
be' rdlcre-el tlinmgli a largo foldcid ” filter, tho 
wliole of the liquid be'ing jioured on tho paper 
at emcci. If not cle-ar, the filtrate shall bo 
again poured t iirougli t he same jiajior. 

■ 5C) c.<-. of the’ tiltrute sliall be taken and 
(ho jihosphonc. acid .slmll be eU'U'rminod by 
th(' molybelatei nu'thod ])n’Krnbed.’ 

It may be uddisl t-Iiat 1(K) e:.e. of the solutUin 
( -1 gram of sample') e an bo usc'd equally Well 
tor tho inoly bdate dele'rmmation. 

Th(‘ phosphate' in the citric acid solution of 
tho slag IS froiiuontly ostimatod by dire*ct pro- 
eipitation witli magnesium mixture’ after aduing 
a largo oxce'ss of auimonium eatrato. 1’ho result)!, 
Iiowover, are iiiae’curate (being too high) unless 
the citru’ acid solution of tho slag is tirst evapo- 
ratoil to drynej.'is wiMi hydrochlorie acid to 
eliminaU’ soluble silica. If this precaution be 
taken, tho results comjmro well with those of the 
molybdate preiciiss-—whieli, on tho whole, is 
quicker, and therefore’ preferable. 

Anat.ysi.s ok BoTASir Salts. 

Some* commorciuL jiotash salts are of complex 
constitution, othom ate; approximately slmplo 
salts. The mothods of determining .such con¬ 
stituents aa calcium, magne’sium, chlorine, &c., 
do not differ from thejse* ordinarily employed in 
inorganic analysis, hut lli(' essential debirmina- 
tion, namely, that of potash, may bo described. 
Hroaeily speaking, two methods are in use, 
namely, the percldoric acid method and tho 
platinum ediloride nu'thod. The perehloric acid 
metliod wiis formerly but little used in this 
country, but owing tei the great increase in 
the cost of platinum-chloride has now come 
into wide use, and* ranks with tho platinum 
chloride method as “eithcial” in Kngland. 

'i’he following are Itio details of the method 
for determining potash in jKdash salts and in 
fertilizers ofTicially frcscribcd in England in 
IblH feir use under the Fertilisers and Feeding 
Stuffs Act:— 

‘ Din'BUMINATfON OF BoTASH. 

‘ (a) Muriate of poUieh free front svlphalet. 

‘ A weighed port ion of t ho sample (aboqi 
5 grams in the case of concentrated muriate « 
potash or 10 grams in tho case of Iow-gra<te 
muriate) slEall be dissolveid in water, the soltlft- 
tion shall bo filtered if ncccsnary and made up 
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to 500 o.c. Tho jKttaiHh siiali be deterroined 
in 50 c.c. of tli<! Holution cillier by the platinum 
chloride method, or by the perchloric acid 
method, preneribed below m clauKeH (r) and 
(/) of thiM paragraph. 

‘{ 5 ) fiHiUiinituj HulphulCA. 

‘A wr-j^be<l ]i<irtn)ii of tl»e Haiiij)lo (about 
5 gruniH irt liie < iimi of <*oucentrat<*d Kulpliate 
of potash or H) gniin.s ni the. (;aso of kajnit or 
otJur low-gnirle Halts) nhaJl be boih'd witli 
20 e.e, of bydrociiloih- aeid and JtOO ^^.e. of 
water in a liallditrc! Mask. Jbiriuui ehloiide 
.solution hliall be eantioualy addinl, drop by 
<lrop, to th<! l>oiling solution untd tlio sulpliniie 
aeid is (H>mpletely preeipitateii. Any nlight 
exeoHS of buinmi shall b<‘ riunoviMl bv the .'uldi- 
tion of the lejiHt, jiossible e\ees.s of diInU' hu! 
jdiuric aeid. 't’be liqiiKl (without liltfalHUi) 
hIiuH be e(n>ied and niad*' up to 5(10 e e. an<l 
liltcired. 50 e <• of the fil(!ii(.e shall be taken 
and evaporated to drvneHs, and .‘'hull then be 
mointened with eoiieentrati-d byilroi liiorn- 
mid, again evaporat<‘it to diyne.ss, tn'uted 
with a litt.le ddutt^ livdroehlone aetd and 
liltored if ueecHsarv. Vh<‘ jxitash sliall Ih' 
detenmneil in the till rate eilhei by the 
]ilatinum ehkirule method, <ir by the pejeldorie 
a<‘id ineth(»d. jiresei dx'd below in ihui.-'e.s (i) 
and (/) of tins jiaragraph. If the .dilution 
eontains }tlios[)hat(is, iron, inangane.se, or 
other Hubstanees that would iuleileii' with 
tlie di'ti'rmination <il [lotash, tlu‘ method pre- 
aeribed in ehuisi' (f) of tins jiaragraph is to be 
UHed instead o1 the method preset died in 
clause' (/>).’ 

(Ill lah-nlating the results, inleiiiatioual 
atomie weights aio used, im hiding IScubert’s 
atomic weight for platinum, wliieli, in l!n‘ 
internatioua! tabh' for 1011. is gi\en jis ' 
105*2.) 

' (c) I'ofii.s/i in jlIK (/lint 

‘ I’en grams of the samjde shall Im' g(“ntl_\ 
ignited in order to ehar organic niatti-r, if 
presonl, and shall then be boiled with IKK) e e. 
of water. 10 e.<“. of eonceutratod Iiydro<-ldone 
acid hIuiH be added slowly so as not- to cheek 
the boiling, wlneh is to be eoiitiinied for a ■ 
further 10 nunuU's afti'r the adililion of the 
Iwt portioiiH of aeid. "ihe liijuid shall be | 
lilti'red into a half-litre flask anti raised to ' 
the boiling-point ; and to the boiling litjuid 
powdered barium hydi’oxidt' is to l)<‘ addtsl 
until there is slight exeess. 'I’lie Inpiid .shall 
then bo eooled. mode up to 5(K) ee., and 
filtered. Of tlie filtrate, 250 e.e. shall be 
treated with ammonia Holutioii and exee.ss of 
ammonium earboiiaU\ and, while boiling, 
witli a little powdered •ammonium oxalate. 
It shall then be cooled, made up to 500 e.e. 
and filtensi. Of the filtrate, 5(> c.c. or 100 ' 
C.O., according to the amount of potash 
exjiected, shall be ovaufjrated in a porcelain : 
dish to dryness. If desired, nitric aeid may 
be added during the evaporation after fn-e ! 
ammonia has been driven off. The re.sidue is 
to Ih 3 lieatcd gently over a low flame until 
all ammonium salts are expelled, t|he temiMTa- 
tuw being carefully kept below that of low 
redness. The residue shall be moistenwl i 
with ooucentratod hydrocldoriotaeid, evapor- | 
ated to dryness, treated with ^lute hydro- j 
ohlojic acia, filtered, and the potash deter-1 


mined in the filtrate (uthcr by the platinum 
chloride method or by the pei-chloric acid 
method, prescribed below in clauses (c) and 
(/) of this parugrapli. 

‘ (d) roUush m qnanos and mixed t'ertlluers. 

‘ Ten grams of tlie samiilo shall be gently 
ignited in order to char organic matter, if 
jircHi'iit, and sliall then be heated for 10 
ininutits witli lU <-.e. of concentrated hydro- 
eldoiic a< id, and finally boiled with 300]|c.c. of 
water. The liquui idiall be filtered into a 
half litri' llask, rai.sed to the boilmg-jioint, and 
a slight e\e<‘ss of ]n)wd(‘ri*d barium hydrate 
sli.il! lie adiled. Tlie eoiitents of the flask 
shall hr emileil, ma<i(‘ iiji to 500 e.e. and 
)il(('r<*il Of tlu' liltriite. 250 e.e. .nliall be 
lieafed with ammonia solution and cxcohs of 
amnionmm enrlionate. ami tluui, while 
lioiling, with a little jjowdered ammonium 
ox'ikite, cooled, iii/ule Up to .500 and 

filtered. Of the filtr.ite. 100 e.e are to be 
e\ji])oraled m a poM-<’l.iiu disii to drynesH. 

If th'siri'd. mine m ul may lie added during 
till' i'va]iinal]oii after fiee ammonia has been 
diueii otl Tlie ii-Mdue is to li<‘ lieati'd 
gently over a l<iw llanie. till salts are exjielled, 
the t-eniperatuH‘ hc'ing (•.•irefnlly kept, bi'low 
that. ol low J'ediiess. 'I’lie ri'Sidue shall be 
moisti'iied with I'oneentrated hydi’oehloric 
amd. evaporated to drvm‘s.s. tivated witli 
dilute liyilroehloiK aeid. and liltered. 'J'hc 
potash sliall he (h“tci mined in the filtrate 
('itluT hy th(' platinum clilornh' iiu'thod, or 
hy the percliloric acid method, preserihed 
below in elauses (r) and (/ ) of t his paragraph. 

‘(e) PIfiliviini t'Idoridi nictliod. 

■ 'Fo tin* solution obtained as above 
desenbed in clauses (a). (/>). (r). or (d) of thm 
]iaragra])li a few drojis of hydroidilone acid 
shall be added, if none is present, and also 
10 e.e. or 20 e.e. (aeeortling to whether the 
portion weighed was 5 grams or 10 g>;ramH) of a 
solution of ])lalinuin cfilonde (aintaining 10 
grams of platinum jier 1(K) e.e. After evapora¬ 
tion to a syrupy consistency on a water-bath, 
tlie contents of the basin sliall be allowed to 
cool and hIuiII t-lien be treated with alcohol of 
Kp gr. O’Htkl, iK'ing w'ltslied hy decantation until 
the alcohol ib colourlc«s. The washings shall 
U' jiaased through a weighed or counter¬ 
poised filter paper, on which the precipitate 
shall be finally eollccU'd, washed with alcohol 
as above, dried at !(K)”, and weighed. 

‘ 'I’lie ])m*}j)itate is to be regarded as 
l\.,l*tt%, and IS to ix' calculated to its 
eipiivaleiil as KjO. 

‘ (/ ) Pfreldorie acid method. 

‘ To the solution obtained as above 
described in clauses («), (6), (r), or (d) of tliia 
paragraph and })lace<l in a small glass or 
porcelain basin, 7 c.t ., or 12 c.c. (according 
to whether the port ion weighed was 6 ^ms 
or 10 grams), of a 20 p.c. solution of wr^oric 
acid (sp.gr. 1 ’I2r>) shall be added. The basin 
shall be placed on a hot plate or sand-bath 
and the eonUmts evaporated until white 
fumes are copiously evolved. The precipitat<f 
shall be re-dissolved in hot water, a few drops 
of perohloric acid solution ad<ied, and the 
whole concentrated again to the fuming stage. 
Aft^ cooling, the residue in the barin shall 
be thoroughly stirred with 20 o.o. of alocdiol 
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of gravity O’&ld to 0*812 ^95 to 96 p.o. 

of alcohol by volume). The precipitate ehaU be ! 
allowed to settle, and the clear liquid shall be 
Mured through a weighed or coiuiterpoised 
mter paper, or through a goocih ci^cible^raiii- 
ing the precipitate as ooinpletoly as possible from 
the liquid before adding the washing solution. 
The precipitate shall be washed by decantation 
with alcohol (as above) suturated uith potas¬ 
sium perchlorate at the temperature at wliich 
it is used, jiouring the washings through the 
pajwr or gooeh erueihle on which tlie whole 
of the procipitat(' is linally col!ect(?d, dried 
at I00"(;., and weighed. 

‘The pn‘Ci{)itate is to In' reganhsl as 
KtlK)^. and is to be calculated to its e(iuivalcnt 
as KjO.’ 

J.)ETERMlNATION OF NlTItOdEK ]N FkkTH.ISERS. 

Nitrogen was formerly doU'rmined by tlie 
soda-lime eonihustion }>roeess which was modified 
by Ruflfto ((Uiera. Soo. Trans. IHSl, H7). so as to bo 
also applicable to mixtures eoutaiiiing nitratiis 
by means of introducing into the so<la liiuc an 
adinixturo of sodium tliiosuijduite 'Phe soda- 
lime process has now, however, been almost 
universally superseded by Kjeldahr.s moist huI- 
phurio acid corubuslion prin’ess, modiliod and 
improved by tlie suecesj^ive laiiours of many 
iiiveetigaterH. In its present form it is one of 
the most aceurato aiul reliable proewses at the 
disposal of the analyst. It I'aiuiot bo more 
clearly or concisely (ie-venbi'd than by quoting 
the directions laid down for its use in connection 
with the Fertilisers and J^'ceding Stufts Act in 
the ofiieial rogulatious of the Board of Agri¬ 
culture (lyOH):— 

‘ The ])resence or absiuioe of nitrates must 
fii'bt be ascertained. 

* Nilroqc.n in abftein'.r of nitrates. 

‘ A weighed portion of tlie sanijile shall be 
transforred to a Kjeldabl digestion flask; 
10 grams of potassium sulphate ami 25 c.e. of 
concentrated sulphuric acid shall bo added, 
and the flask sliall be hoaU«l until a clear 
liquid, colourless, or of light straw colour, is 
obtained. The operation may be accelerated 
by the addition of a small crystal of copper 
sulphate or a globule of mercury to the liquid 
in the digestion fiaak. 

‘The quantity of ammonia shall be deter- 
imned by distillation into standard acid after 
liberation with alkali, and, where mercury has 
been used, with the addition also of sodium or 
potassium sulphide solution. 

‘ Nitrogen in mixed ferlilijier/i when nitrates 
arc 'present. 

‘ A weighed portion of the sample shall hi, 
transforred to a Kjeldabl digestion flask ; 30 
c.c. of concentrated sulphuric acid, containing 
1 gram of salicylic acid, shall be added, and 
the flask shall be shaken so as to mix its 
contents without delay. The shaking shall 
be conlanued at intervals during 10 minutes, 
the flask being kept cool, and then 6 grams of 
^ sodium thiosulphate and 10 grams of potas- 
sulphate shall be added. The flask shall 
be heat^ until tho contents are colourless or 
M. Copper sulphate or mercury may 
be as above desormed. 

‘ The quantity of ammonia shall be deter- 
nuneo as above prescribod.* 


The quantity of material operated upon wilt 
vary according to its nature. In the cose of 
materials rich in nitrogen, from 1 gram to 1*5 
grams may be operated upon. On tho other 
hand, in tlie case of matoriaU composed chiefly 
of inorganic mutter, and containing onl^ small 
i|uantitic« of nitrogen—like low quality dissolved 
bono compounds—as much as 5 tir fl grama may 
be conveniontiy opemted upon. It is usually 
coiiveiiicnt to makii two Hiiimltaiioous experi¬ 
ments son dilTonmt quautitios of the material, 
such as I gram and 1*5 grams, or 1*5 grams and 
2 grama. The larger tho quantity of material 
tliat can bo aatisfaot-orily dealt with, the less, 
(»bviousIy, IS tlio imilfiplicatiou of experimental 
error. l>uplieate m careful hands, 

siioiikl diflor by no more than a few unite in the 
Hoeond jilace of decimals, when oxprt'ssed as 
percentage of nitrogi'U in the material under 
examination. 

It IS ]>omted out in the regulations that all 
materials used in either of the methods 
dcscrilMsi must 1 hi examined as to their freedom 
from nitrogen, by moans of a control exp(‘riment 
carried out under similar conditions with tho 
same quantiti(« of tho naigente which are em¬ 
ployed in the actual analysis, 1 gi-am of pure 
sugar being tiubslilutod for tho weighed pomon 
of the sample. 'Plie ijuantity of standard acid 
neutralised m tho control experiment—which 
should be small it the materials are good—must 
be deducted from tho total (juantity of acid 
found to have been neutralised in the distillation 
of the samjde. 'J'hc oKsorvanee of this pre¬ 
caution is of vital imporlaiico, seeing that small 
quantities of nitrogen compounds are frequently 
found even in sulphuric acid sold as pure for 
analj'^sis ; wbiUi traces of nitrates or nitntea may 
be jireaent in Bodmm hydroxide. 

In tho above deairibed modilication of the 
Kjeldabl jiroctisH for mixtures containing 
mtratca—due originally to Jodlbauer—phenol 
may be used, if desirtMl, in place of salicylic acid, 
and 1 gram of zine-dust may be used in place of 
tho 5 grams of sodium thiosulphate. Zino-duat, 
like the other materials, may contain traces of 
nitrogen, and must bo carefully examined by 
being included with the other materials in a 
‘ blank ’ experiment. 

In the COSO of ammonium sulphate or other 
material containing nitrogen in the form of 
ammonium salts only (other than ammonium 
nitrate), tho nitrogen may be determined by 
.simple distillation with alkali. 

Dderminatiem of nitroge.n .•nnUum nitrate or 
in saltpetre. This may be carried out by several 
methods. One of the most convenient is the 
Ulsch method, whicJi in the regulations of tho 
Board of Agriculture is doBcrilx^ as follows:— 

‘ One gram of the sample shall be placed 
in a half-litre Erlenmeycr cask with 60 c.c. of 
water. 10 grams 9f reduced iron and 20 c.c. 
of sulphuric acid of 1 *35 sp.^. shall bo added. 
The flask shall be closed with a rubber stopper 
provided with a thistle tube, the head of wxuoh 
shall be half filled with glass beads. The 
liquid slftill be boiled for 5 minutes, and the 
flask shall then be removed from the 
any liquid that may have accumulated amo^ 
the beads lieing rinsed back with water into 
the flask. The eolation shall be bcoled 
S minntes more, and the beads again waidied 
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with a little wjite.r. 'I’lu' (jtiaiitity of aunnonia | 
Hhall ilieii be (lelerniiricil as above prcRcribed. 
(iSVe NilruyfH ni (d‘f<incc of 

‘ In caseN in which jiroportiou of ! 
iiitralcH is hitiaiJ. a lar^i'r ({uaiitity of tho 
KJUiijzlt! nhall he tfiki-n.’ 

(Jnmal oh'^'i kiIiohn us to prejnrin<i mwfUfi 
/'•r (iiinhf.sts. In tlie ease of all sanijiles, wliether 
of fertihscis or of faw inatzM’ialH for use in their 
nninufuetnn;, it ih olivioiisty ini[)ortunt’ 1o 
obliiin a ihor<)n)j;lily lepn'Scntaiive porrton for 
aiiiilysiH. I’c) tliiH end it ih usual, ni tlie ease of 
])ow<lertMi fertiliHci-H in dry or modeiutely <by 
condition, to juihh tlie sjunph' lhrou;j:h a su-ve, 
tlu' (XU-foratioiiK of wlinh are almut ! imn. m 
iliaineter, pnlviMism^ the |ioitionH at tirst je- 
tmnezJ on tlie sievz- either in ii mortar oi. bzdtei, 
in a suilahie null- until they pass through 
AdventitioiiH inatennis whicli cannot lie cim- 
veniently cnished. Midi as fta;:nients of inetid 
HonietimeH found in hasie slui', iiuat, }>e removed 
aiul weighed, and su})Hei|ii(mtly allowi'd for in 
ealeulatinu; the lesiiHs o( tlie analysis. Some 
inaterinK, hhe Nlnuidy, «d<il wirste. or hair, 
eamiot be jMOvderiMi. but’ as a rule tliey can be 
piVHsed through a hlireiidmu niaeinne ; oi, if this 
is not possible, tliey niiisl be linely ud, up by 
hand. Some moist feitilis<'rs rio nf>t admit ol 
b' liiy passed liiroiieli a sieve, and in dealini; with 
these the anahst must use his diserelion as l-o 
the Ii('h 1. mode ot obl.iinuiji an aveiaire samph'. 
(lrvHt,allm<' or salme matenids. like aniniomum 
suiphiite, polasMum ehloridt', kamit. or sodium 
nitrate. nn‘ ln'sl juepated liy jni.\inji ami 
rapidly ermdnii; in a stoneware inoilar, the 
jioHum K'serxed foi analysis beiny espceially 
iiiu'lv ^xioumi. Jn the ease of many moist 
inuterials, esjacially filiroiis mul,erials lik(' shoddy 
wool or loueli lish guano, moisture is 

inoMtably hxst diirim: the ]m'{mralion of tlie i 
samph'. If. IS theivfore ms-essary to separately 
deteinilne the moisture in a liirgi* averagi' portion 
of the original material Indore proeeeiling to 
pulverise thi' ri'inamder. 'Die moisture must 
also be (hdermini'd in the tine material as |>re- 
))iired for nualysis, ami the results of the analysis 
reealeuhil(‘d so as (o represiuit the iiercentuges 
prt^senl in tin* sample in its original moist eon- 
dition. In the ease of raw mineial jzhosphates, 
it is usual to deteiimne the moist,ur<' in a rough 
Hainplo separat^'ly taken for tins jiurpose, and 
to comluet. tlie ri'st of the analvsis on a sepa¬ 
rately' pn'panul line portion, after drying the 
latter at HMV’- tlie lesulla Ixung returne<l on tlie 
ilry ba^is. with a sim]ile statement at the foot 
of tlie analysis of the jiereentage of nuiisturo in 
the rough sainjih*. But in tho ease of almost 
all other maUirials, the ri'Quits of the analysis 
arc returaed as pcri'entageS of the material in 
its original moist condition. Jh l>. 

FERULIC ACID. in. Methoxi/• p • ht/droxi/- 
/CH;raCO,a ( 1 ) 

cinnamic OUH3 (II). Occm^ 

''OH (4) 

in asafoBtida rosin (Hlasiwetr. and Barth, 
Annalen, 138. (’4); in ojiutianax (Tsehircli and 
Knilt, Arch. IMiarm. IHSMh dbtt), and ?n the nnsiu 
the black fir (UamlK'rger, Monatsh. 12. 441). 
ft alc<»holic extract of asafoitida resin is prt'- 
cipitated with hvvd acetate, and tli^ precipitat-c. 
ooimiating of lead fcrulate, w dcoomposeu with 
suIphuUo a«d. It has been pn^porod arti- i 


ficially by means of l*crkin’fe reaction by heat¬ 
ing together vanillm, acetic anliyilrido, and dry 
sodium ucotato, and decomposing tho acetyi- 
fcrulic acid thus formed with pot^h (Tiomaiin 
and Nagai, Her. Ib78, (547); also by treating tho 
methyl otlior of p-amino-w-coumaric acid with 
sodium nitrite and dee.omjiosing the diazo- 
eoinpound thus produced with water (Ulrich, 
.1. 18Hr>, 2<Ht3 ; cl. ]). P. 321114 ; Frdl. i. 588). 
JHiomliie neeilles, melting at almost 

insoluble m cold water, readily soluble in alcohol, 
less soluble in ether ('riemaun and Nagai, Bor. 
I87t>, 410). 'Dio solution give'j with lead acetate 
a yidlow lha'euleiit. pieeipitatc, witli ferric 
ehhuide a yellouisfi brown yirecipit-ate, reduces 
sd\er nitrate and Barreswii’s (Kehling’s) solution 
on warming. Fusion with caustic jiotasliconvcrtH 
it, into iiceiie and pi'ol,oc<i.leeluiie acids. Sodium 
amalgam reduces it to hydroferuhe aeidl’,oH j , 04 . 
FETTBOL Ihu.K. 

FIBRIN V. Bi.ool) and IMuiteins. 

FIBRINOGEN r. Bi.ood ami J'kotein.s. 

FIBROLYSIN. 'I’lade name foi a combina¬ 
tion ol thiosmamine and sodium snlieyhite. 

FICHTELITE. A hydrocarbon (lislla>, 
loiiml as white or yellowish jilaiy crystals and 
eiystidlmc enisls m th<' *-re\ ires of lignifii'd imie 
wood jn peat-bogs 'I'he inonocliiiic. crystals, 
both natural crystals and those olibnned by re- 
iiystaliiHing the material from alcohol or 
Ixm/.eiie, are interesting oil account of their 
li<'iiumorj)hic devclojmient. IIkti' Ix'ing, as in 
erystids of eaiK'-sugar and tartaric acid, no 
])huie of synimetiy. Sji.gr. I'ttl; m ]). 40^; 
b.]) 3r)5'2'; sjiecilie rotation in solution in 
<hlorofoi in la)"*^ “ il8’(KS'. Analysis gives: 
(I 80‘7ih JI 13’02 p.c. ; tho vujKUir density js 
8 (); uml lh(‘ inohwular weight, determined by 
tho cryoscojnc method in ben/ene, 254'2. It 
lias a high degree of stability, and can be dis¬ 
tilled over red hot l(‘ad oxah- without diTom- 
jM)t.iti<m ; derivatives an' i onsoijueutly difficult 
to obtain. O.vidation wdtii ehroinie acid in an 
acidic acid solution yields two acids, the silver 
salts of winch aic fand UjHgOaAg. 
thi ilistiUation under 270 mm. ]>rc8sun‘ the hulk 
goes o\('r at 2tMF-20r>’'’ as a nearly' eolourless, 
viscous luiuid with u splendid blue-violet 
fluoros<*cnee ; this is dehydrofichtolito 
Localities where lichtehte has been found arc 
Kedwitz and several other plai-es in the Fichtel 
Mountains irt northern Bavaria, Kolbermoor 
near Rosenhciin m southern Bavaria, Borkoviu 
and other pla( i« m Bohemia, Handforth in 
(-lieshiiv. fShielding in Ross-shire, &e. For a 
review of the literature, .sir A. Schmidt, Centralbl. 
Min. 1001, 510: F. Plzak and V. Rosicky, 
Zeitseh. Kryst. Min. lf>08, xUv. 332 ; A. Rosati, 
ihui. 1012,1. 120. L. J. S. 

FICOCERYLIC ACID L\iiLJ'OOH, m.p. 
57^, is obtained from tho wax of the wild fig-tree. 

FIG. Ficus rartra (Linn.). Many varieti^ 

known, varying greatly in size of fruit—from 
t) or 7 grams to 80 grams each—the avtw- 
age weiglit of the fresli rif»e fruit being about 
35 grams. 

Acconling to (lolby (Reports of the Agric. 
Exp, Stat. California. 18^-1804), the average oi 
41 analyses of dilTerent varieties is— 

Water Siw Proteia Ash 

78i» 15f5 , 1-4 on 
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The juice, amounting on the avera^ to about | 
76 p.c. of the whole, contained 20'7 p.e. of ' 
Bugar and 0*12 p.c. fiec acid expressed as 
Buj^hnr trioxide. 

Balland (Rev. intern, falsif. 1900, 13, 02) 
found more water. Ices nitrogenous matter, and 
in addition about 0*28 p.c. fat, and 1*5 p.c. 
crude fibre. 

Colby found the ash to have tlu' following 
compoeitiou (nKMin of 3 analyses):— 

AUO, & 

Na,0 MgO Cao KojOg iV’s ^9 

65*8 2*4 5*(1 11*2 0 2 2-2 12-8 :i \) 4 3 2 0 

Figs arc eaten in the fresh, nj)o stuto in 
districts where they are grown, but, for <“.vport, 
they are largely dried. I’le* following is tlio 
average composition of dried tigs (Konig): - 
VreftachUfts Other carbo- 

Water Protein Sugar -Malle acid) Pat hydrates Fibre Ash 
28*8 3-0 51-4 0-7 1-3 5-3 8 2 2-7 

The seeds of dried tigs, aecofdnig to Jiallund 
(f.r.), contain— 

Water Protein Fat Carbohydrates Fibre Ash 

7-7 12-0 24-8 23-4 21)-8 2-5 

Hottor (Zcitwli. Nahrungsm.-Unb'i's, Hy¬ 
giene u. Waan-nU. 18‘jr>, 9, 1) found, m dried 
figs from Sniynm, 0(K)15 p.c. of boric acid. 
Wittmann {Zejiscli. laiidw. Vei-Hiiehs OcKterriuch, 
1901, 4, 131) found U-83 pc. pentosans in fresh, 
3-8 n.c. in dried figs. 

According to analysos by r»!a<bno (Bio- 
chom. Zcitscli, 1910, 24, 283), the following 
ropr<»ents the composition of green and dried 
tigs 


ThcBC were evidently in the dried condition; 
as uauidly eaten for dessert fiibeita c ont ai n 
much more water. The essentia! oil of the 
leaves was examined by Haensol (Chem. Zentr. 
1909, i. 1476), who found it present to the ex^t 
of 0*04 }).o. It is light brown in colour, solidifies 
at about 30®, contain 18 p.c. of palmitio acid, 
and a paraffin liydroearMn melting at 49®. 
It had an acid value 60*4, ostor value 24*6, and 
its sji.gr. (in the supcr-coolod liquid condition) 
w.oM 0*8844 at 25'’. H. I. 

rfucic ACID V. Fiux MA3. 

FIUTANNIC ACID c. Fiux mas »nd 
Tansins. 

FIUX MAS (B.i;.), Aspidium (U.S.P.). 
Male fern ; UhtzoiHa fduis. {liacine de JotiQhft. 
viiik\ Fr. ; Farnwurzii, (jor.) The rhizome of 
male fei'n; jilix vuis (Swartz), has been 

a favourite antlielminlic medicine since the 
tiinc.s of 'J’licophraatuH, Diflbeorides, Pliny, imd 
(ialcn. (For botanical characters, v. Woodville 
(Mod. Bot. 271), Mooro and Lindley (Ferns of 
(Iroat Britain, 14 -17), and Bcntl. A. Trim. 
300.) 

'J'lie early choinical invobtigations of the 
rhizoiuo (see Pereira, Mat. Med. 3rd ed. 2, 959, 
and I’oulsson. Arch. exp. Path. Pharm., 1891* 
,29. 1) hIiow that, Im'hkIoh the constituents 
i common to plants, it contains a peculiar green 
'jixed oil, tannin, and a crystalline compound, 
first analysed by Luck (J. 1851, 558) and named 
by liim jilicic acid. Those constituents are ail 
found in the ethereal extract or ‘ oil of male 
bun,’ ill which form alone the drug is made use 
of in medicine. 

The green fixed oil is comjKJScd, according to 
Katz (Arch. IMiarm. 230, (555) of the glycendes 
of oleic, palmitic, and cerotic acids, the chief 
constituent being triolein. The tannin, ^Wtannw 
or jiUritannic acid, is, according to MaUn (Anna- 
Icn, 143, 278), a glucosido; Wollonweber 
(Arch. Pharm. 1900, 244, 466) gives it the 
formula C 4 ,ll 4 /)j 4 N, 2 HaO {?). Its aqueous 
solution froths. 

Filicic acid (‘ 8 RH 42 O 13 or CaiH 4 oOia is an 


bSrecn figs, pull) 80-0 0 7 0 3 18-2 1-3 0-8 0 7 
„ „ skill 88-0 (V) 0*1 5-4 5-8 2*7 (?) 

Dried figs . . 57 0 4 1 2*2 20 0 8 0 0*2 2-5 

It thus appeai-s that t he proportion of water 
in dried figs varies greatly. 

When tigs are moistened with waim water - 
coataining Ltanc ac.d, (hey speedily ferment “W/ph'-™ oelourlMs powder, meltmg at atent 
and yieli a wine. This is largely made in : 125°, yd _ phys.ulog.cally active. In 


Algeria, and is used for adulterating grape wine. ir /x ,t^ i ^ r* w a 

When fig wine is evaporated to a syrup and ; (Poidsson, f.c.), or 

allowed to cool, it sobtifies, aftor 24 hours, to a ' (Boehm). This anhydride is inert forms 


ethereal solution it is converted to its laotone 


When 


crystalline mass consisting chiefly of mannitol, 
but containing glycerol and smajl quantities of 
sugar and organic acids. Mannitol is present in 
fig wine to the extent of 6 or 8 grams per litre, 
whilst in grape wine its amount does imt cxce«l 
a few decigrams jier litre. This fact may be used 
to detect fig wine os an adulterant of grape wine 
^Cables, Compt. rend. 1891, 122, 811). 

The stems and branches of plants of the 
genus Ficus yield a viscid, milky juice containing 
caoutchouc or resinous substances resembling 
caoutchouc. F. chstica (Roxb.) is the ^ciw 
from which the largest proportion of this 
substance is obtainable. • H. I. 

FIG WAX V. Waxkh. 

FILBERT, The seed of Corylus Avellana 
(lAnn.). The kernels have the following average 
composition (Kbnig):— 

_ Soluble 

Water Protein Fat Carbohydrates Crude flbm Ash 
7*1 17*4 62*6 7*2 3*2 2*5 

VoL. 


small yellow, rhombic leaflets, m.p. 184*6®, It 
is insoluble in water, hardly soluble in cold 
alcohol, readily in hot. By careful treatment 
with alkali it can bo retransformed to the active 
acid (Poulsson). An insight into the constitu¬ 
tion of filicic acid has been obtained by Boehm, 
who lias isolated a number of other crystalline 
substances from fchi extracts, and has made by 
far the most imjwrtant contributions to our 
knowledge of the subject (Arch, eiro. Path, 
Pharm. 1897, 38, 35 ; Annalen, 1898, 801, 171} 
1899, 307. 249; 4901, 318, 230, 246, 268j 
1903, 329, 269, 310, 338). All tlw substonoea 
isolated by Boehm appear to be cither inethyl- 
ated phloniglucinylpropyl ketonee, or to con¬ 
sist of two or throe such ketone muAei 
joined tbgother by one or two metb^ene 
groups. t 

Aspidind CuHttOi, bright yellow nrj' lW B 
m.p. I56®461®» “ simplest of these et^ 
stances. On boiling with zinc-dM and aodiwn 
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hydroxide H is decomposed to meibyiphloro* 
gltBcinoixaonomethyl etiicr ftod n>butyric aoid. 
U ppobftbly has tlie constitution— 
.CMo-CiOMe),. 

hoc/ 

^CH C(OHK 

(61icic acidf, on the other hand, is the 
most oomplex> and consists of three such kotono 
nuclei, joined by two other carbon atoms. On 
boiling for a short time with zinc-dust and 
sodium hydroxide it yields, amongst Mother 
products, ^filicinic acid butanone,’ m.p. 
which is isomeric witli asjndinol, and hua the 
oonstitution— 

/CMe,*C(01i) 

OC( CCOCHoCH.CHj 

'CH C(OH) ‘ - 

or one tautomeric with it. 

By more jirolongcd boiling it breaks up into 
«-butyrio acid and f/rm-diuicthylphloroglucmol 
(fiUcinio a<dd). 'J’he latter siilistance gives, on 
(fiddation, dimothylmalonic uoid. 

Tlio other substaucos isolateil by Hoehiii are 
composed of two kotono nuclei joined by one 
jnetnvleno group. 

• Aibaspidin miodlcs, m.p. 148^ 

oonsists of two tiiicinic acid butanone residues, 
and can bo’Hyntliesiscd from this kotono by 
means of fornnUdishyde, whimec the constitution : 

CMe, CMejj 




I 

("'-oil.— (k ,0-C0-Pr» 


coll 


COH 


Phlonis^in colourless needli'S, 

m.p. 211®, IS similarly Iniilt uj> of nictliylphloi-o- 
g!ucinol-M*butanone, and tlio methyl other of 
phiorogiucinol-»-butaiionc. two isomeric ketones 
0 i,H, 404 , lower homologucs of those already 
referred to. 

Flaimpidic add exists in two 

modifications, melting at 92® and ISfi®, and 
appears to have on one side a four-membered 
ring— 

CMe C-CO-t^aH, 

OC '" ''COH HOC"'"' 

li 


n’OH 


C,H,-00( 


CO 


C—(’ll,—C CCH, 

^lOH 


By boiling hydriodic acid it is reduced to a 
XMitheno derivative— 

00 CMo . 0—()-4JC;{Corr“) C OH 

I it I! II 

Pr*K10*C: qOH)-0-OHa'C’C(OH)—CMo 

With the exoeption of filicic acid, all the 
above substances occur aJstt in the rhizome of 
Aitpidium «pinvl<mim (Swartz), in which the 
fUidc acid is replaced by a« 7 >trfm 
m,p. 124*6® (s-pofystichin, Poulsaon, Arch. exp. 
Path. Pbarm. 189K, 41,246). As the kttor fern 
is often confused with A. JUtz WMW.*tho com- 
jmKial extracts of male fern may contain 
'^Idin as well. The substance may be noog- 
■vied in the crude extract by cif^'etalilsation 
(Hausmann, Arch. Pham. 1890, 237, 644; 


Hausmann and Boehm, Annalen, 1903,329,321). , 
1 Aspidin has most probably the constitution— 

; CMej O-CO-Pr^ 

i 0C/\C0H HOC/VOH 

i II II 

Pr“CO-(U ,C-CH,-C^yjMe 
' Wl£ COMe 

being built up of aspidiuol and fiUciiuc acid 
butanone. On reduction with hydriodic acid 
the same xanthene derivative is formed as is 
obtained from flavaspidie acid. 

Most of the above substances are physio- 
logically active on tape worms and other lower 
animals (Boehm; Straub, Arch. exp. Path. 
Phnrni. 1902, 48, 1); the simplest one having 
any degree of activity is fiHcinic acid butanone; 
lower dcigradation products are inactive, it is 
ditlicult to attribute Iho anthelmintic action to 
any one substance in jiarticular. but, according 
to'Kraft (Arch. Pharm. 1904, 242, 489), this 
action is primarily due to yet another substance, 
filmarone., more complex than any isolated by 
llcK-hm. Kraft static tliat good extracts of 
male fm’ii contain 3*5 p.c. tilicic acid, 2*5 p.c. 
Havosjndic acid, 0‘U5 p.c. albasnidin, 0*1 p.c. 
aspidiuol, 01 p.c. Jlavaspidin (prooably identical 
with phloraspin of Boehm), and 5 p.c. filmarono. 
The last substance, is an amornlious 

brownish-yellow acid, molting at about CO®, and 
consisting of four different phloroglucinyl ke¬ 
tones. Boiling with zinc-dust and sodium 
hydroxide docompoaoH it into filicic acid, 
aspidiuol, and various other substances. Whether 
filmarono is a chemical individual is not clear, 
bnt it Hccms to have met with a certain measure 
of clinical success. 

For cases of poisoning by fern extracts, see 
Poulsson (Arch. exp. Path. Pharm. 1891, 29, 1): 
for detection of filicic acid in such cases, see 
i Bocchi (Chem. Zontr. 1896, ii. 1137). G. B. 

FILMARONE v. Fiux mas. 

FILR0LY51N. A mixed solution of allyl- 
thiourca (thioainamino) and sodium salicylate. 
Used in the treatment of lupus and in sof^ing 
B 0 .ar>tis 8 ue. 

FILTER-PAPER. The high-grade filter- 
i paper used by the chotnist for analytical work 
; is usually made from cellulose obteined from 
' flax or cotton, mostly in the form of waste 
I material as yam fabric or rags. Cotton c^u- 
lose is preferred owing to its low hydrating 
power, as compared with linen oellulose, under 
the action of ‘ beating,’ reeulting in what is 
, termed a ■■ fret> ’ pulp, imparting ‘bulk * or soft, 
ness to the paper on which its oificienoy as a 
filtering medium laigely depends. 

The filt>or-pa|>er used in analysis, or for 
chemical work in general, should he as free as 
possible from inorganic matter. Lime and 
other inorganic impurities may be introduced 
into the pulp by the water used, or by the 
I chemical operations in the paper-mill, such as 
; bleaching. Iron afid copper may be present 
I from want of care in sorting the matenal em- 
, ployed. Silica and alumina may be owing te 
I the presence of kaolin in the rags. The organic 
, impurities consist mainly of starch, oil, and 
! resmous matter—the last due to the natural 
( presence of resin in the cotton fibre. Tbs 
i starch arises prinoipaBy irom the dressing in tire 
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Rig ntttfirial, >iid k Uuady ranoved by thff 
tatbmeni with bmling iwu and aabaaqneat 
iraaimig to whioh the rags are subjected. The 
imidl amount left in the pulp has the effect of 
'aising,’ and thereby impalns the absorbing 
power and filtering speed of the paper. The 
unount of oil left in good filter-paper is usually 
Eiot greater than 0*07 or 0 08 p.o. (Bevan and 
Baoon, Analyst, 1916, 169). 

According to McBride and Sclierror (J. 
Amer. Ghem. Soc. 1917, 39, 928), filtor-papcr 
frequently contains reducing substances which 
are extracted by the solutions passed through l 
iiie paper, and which cause the filtrate to Jo- ' 
Qolonae dUnte permanganate solution, such as | 

^ eepeciftjly when the titration is made | 

cn the heated liquid, whereby a roiativcly con-1 
siderable error may be caused. The oxperi-1 
ments indicated that the main bulk of the i 
reducing matter is extracted by t he first portion j 
of the reagent passed through, and that if the ; 
filter be washed with 26 e.c. of the reagent before j 
use, filtration and titration may be carried out , | 
eren on the heated liquid, withoutsonsible error. ; 

FILTER PUMPS. The filter {>ump is gone- : 
rally some form of dynamic air pump. fc>prengel, \ 
in 1866 (Ghem. Soc. Trans. 18, 9), showed how • 
a very perfect vacuum could bo obtained by the j 
ftdl of mercury or other liquids, and Bunsen, I 
in 1868 (Annaleii, 148, 277), showed how the , 
difference of pressure bo obtained could be; 
ntUked in greatly improving the ordinary I 
process of filtration. | 

This applicfktion has given a name to ail | 
these instruments, though tliey are applicable to : 
nearly all the purjiosea for winch any ordinary' 
air pump or aspirator might be used. Many of 
them, with a continuous supply of falling liquid 
or of steam or other gas, under pressure, are 
alm(Mst automatic in their working, and far more , 
convenient than any piston air pump. 

The pumps used in laboratories are of three 
kinds: 

1. Barometer or weight pumps. 

2. Momentum or pukation pumjis. 

3. Injection or pressure pumps. > 

1. B^meter pumps. Of thwo tliei-o are 
two varieties, the statical or (ieissier pimip, and 
the dynamic or Spiengcl pump. 

The Gmssler pump was invented about 1866 
by Geissler, and in it air is exhausj^ed by the 
alternate emptying and filling with mercury of 
a vessel forming the upper part of a barometric 
oohimn. It is simply an application of the 
Torricellian vacuum. Geissler used this pump 
in the pn^uction of his vacuum tubes, ana since 
his time it has been modified and improved by 
many inventors j Topier (Bingl. poly. J, 1862, 
428), also Poggendorf, Mitscherlich, Pfliiger, 
Joiue, and otbem. 

The Sprengel pump, in its simplest form, is 
a plain tune ol small but uniform bore, and of & 
kngth ratiier greater than that ^ the barometric 
oolamn of the liquid used in it. It is famished 
wtth a side tube near its upper extremity. The 
eontnmoas feUing of the liquid, generally mer- 
o»f OT water, j^xiducee the exhaustive effect, 
wittoh is slow at first, but can be made to give 
a.m^ perfect vacuum than is possibie by any 
wbar means. The improvements of the Spreaigel 
> have been chiefly towwds quickMung its 


action, and have been described by MoLcod^ 
Swan and Steam, Gimingfaam, Weinhold, and 
others. Crookes’ experiments on the radio¬ 
meter and radiant matter were rendered possikfie 
by the use of the Sprengel pump, ana in ^ 
manufacture of incandescent elteotric-lighting 
lamps these barometric pumps have had a 
considerable industrial application. The Spren¬ 
gel pump, worked by water, was that usM by 
Bauson in his improved mode of filtration, mia 
this a(9j[)lication—the most important to the 
chemist—-gave rise to the many inventioniL 
described ^low in this article. 

2. The momentum or pulsation pump. This 
was dcHoribod by Jagn, in 1872 (Pogg. Ann. 148, 
317). it consists of a plain tube of moderate 
length, with aide tube near the upper end. In 
action, the soft indiarubber tube connecting the 
apparatus with the water supply (of a very 
moderate fall or prossuro) is ingeniously made te 
act as a valve by which the water is alternately 
admitted and shut off. Wo have thus an action . 
similar to that of the hydraulic ram, in which 
the momentum of a culumn of liquid comes into 
play. In tho ram, water is raised in front by 
the momentum ; in tins pump, air is pulled in 
behind. Modillcations of the Jagn pump have 
boon described by Thorpe (i^hil. MW- 1872, 249), 
also b}' Foote, Liimcinann, and 0. Witt. ^ 
those pumjis are intermittent in their action, 
they work mori* slowly tlian others which are 
continuous, and have been superseded by them. 

3. Injector or pressure pumps. These con¬ 
sist of tubes of various forms, but generally 
furnished with a jet or narrow neck, in front of 
a wider nock or expanding mouthpiece. Any 
liquid or gas under prossure, such as water or 
steam, may be used to work them, and in any 
position. 

They are similar in principle and con¬ 
struction to the water pump (Fig. 1) described 



by James Thomson •(B. A. 1862-8) or the 
Giffard steam injector, patented inr 1868. The 
principle of the injector was, however, partially 
known long before. Hawksbee, in 1719, found 
that on blowi]^ throug]^ a tube into a small box^ 
the air escaping by another tube opposite the 
first, the pressure in the box became lees than 
that of the atm<wphere; and D. BemouiUi, in 
1738, found that water from a higho* source 
, flowing towa|^ the wide end of a oonicid tub^ 

I could lift water from a lower level through % 
i side tube attached near the narrow part «)« 
the conical tuhe. Between 1830 and 1860» tltf 
steam-jet aspoktor was used ^ Canon, O. 
Stephenson, and others. Clemeat 
HeMrmea, tn 1856 (Ann. Ghim. Fhyff. 36, 69), 
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Hhowod that a light ])]aio brought near a amall 
orifico in the »idu of a rosorvoir of compressed air 
was attracted, and rciiiamcd rapidly oscillating 
near the ojmning. This elloct can be shown 
by blowing betW4X'n iho lingers against a piece 
of jmpor, Of by I:^)wing between two cards, as 
desenbod in VVcinhold’s Physics, 312. All 
those oxp'rimentH an? examples of the passage 
of a lluid through an (expanding mouthpiece, 
causing a diminiHlied pressure as compaiod with 
that in front, whicli in each ease is that? of the 
atmosplun-e. 

'J’he lii’st injector air jmiup fi>r laboiaiory use 
was that of tUiristianscji, described 
in lK72(Pogg. Ann. lOb, 155). In 
l'’ig. 2, A IS a j)iece of thicU-wallcd 
indiarubbcr tubing, perforated at 
n by a hot wire, and constricted 
at c liy a ring drawn over the 
tube. On inHcrling at n a sliort 
jiieco of Ix'iit glas.s t ubing drawn 
out to a jcL, and coninTting the 
top end of a with tlio water 
Hupjily under inoderato pressure, 
air i.s drawn in through the 
and a considerable vacuum ob- 
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bent lube 
tained. 

Oilier early forms of injectors weiv described 
by Lovett (('hem. News, May, 1874, 209) and 
Casaimijor June 27, 1875, 33); and soon 
after tlnwo daU^s numerous forms wore invented 
for the use of cJienusts, dentists, &e. 

Tlie cxjxTinumts of W. Froude (B. A. 1875), 
though made ft*r a diilerenl jnnpose, afford an 
excellent explaual loii of the action of injectors. 

Froude sliowed tliat water under any head ii 
(Fig. 3), jiossing througli a eonli’acted pijie, does 


no movement, while at o there is uo proasure, 
but very rapid movement. The piessuro and 
velocity of movement are therefore convertible 
and complementary, and the differences of 
prosBuro at any two points vary as the differences 
of the squart« of the velocities at those points. 
In any given ca«o the pressure observe^ ^lus 
that whicli has been lost in producing velocity, 
is constant and equal to the total head of water H 
(Figs, 3,4, 5). If wo modify Froude’s experiment 
and cut off the pipe at k (Figs. 4, 5), the pressure 
at E is simply the general pressure of the atmo- 
sphere, and all tlie pressure due to the head of 
water in a htus been changed into velocity, but 
tlic velocity at must be greatt^r than the 
velocity at e by as many iime.s os the sectional 
area of the ]nj»e at c is containoR in its area at E. 
'Fhe velocity at o being so 
much greater than at E, 
the jnmsuro must be loss, 
and therefore lo.ss than that 
of the atmosphere. The tube 
0 (Fig. 5) may b(5 regarded 
as a gauge to show the 
minus jinwsuri*. and if tliis 
gauge be supplied with mer- 
eiiiy, tlio latter may rise 
to near the height of the 
biiroinoter. In place ot 
water or liquid under pres¬ 
sure, air, sb'ain, or any 
gas undi'r pressure may 
he us(‘d, and injector air pumjis worked by 
steam have been proposed by liovott, Koehinke, 

I Tcclu, and others. 

! Injootor air pumps, worked by water, may 
1 be chwsilied : 

I (o) As in Figs, (i, 7, wlierc the water enters by 
i a jct placed over a constriettd tube or neck, the 
, air being drawn in on all sides round the jet of 
! water, 'riio ratio of the areas of the jet and 
i nock m this form is generally 1 : 2, or their re* 
spectivc diameters 1 ; 1*4. 
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not exert an excess of prcssxirc on the converging 
aurfttce, winch it meets, us is frequently slated, 
but that the ])ro8sui‘c is least at the contracted 
part, as shown by the levels in llie gauge glasses 
o, 6, f, d, e. If tlie pijic be much contracted, the 
pressure can be still more reduced, so that if two 
cisterns, a and b (Fig. 4), l>o connected by such a 
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contracted pipe, a i>ortion of the |lipc at c may 
^ be removed without the flow of the liquid being 
interfered with j the water risii^ in the eisteni 
B only slightly ^low its level hit[. At v, in the 
^ central line of the connecting pipe, the full head 
of pj^ure u is exerted, but there is practically 


' (6) As in 8, where the jet and neck are 

I continuous and the air enters on one side only. 

I (o) As in Fig. 9, where the general form is 
similar to (a), but the air enters by a veiy narrow 
I jot and the water Ailing the body of the pump 
' enters all round the jet. 

I These diSerenoes in oonstmotimi are little 
I importance in the pnicrioal working of the 
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InstnilQents, but by altwing the width of the 
apertures, pumpa suited to different pi'eaaures 
can be obtained. Pumw with very 
apertures work best witii small quantities of 
■water at very high juvssuros, whcreiis pumps 
with wder apertures require much more wa^r 
at a low pressure. As the water passing 
through those instruments Is praetirally a falling 
body, on multiplying the weight ol Mater in 
pounds used per minute by its head or j>r<‘ssure 
m foot, we obtain in foot-jHiunds the j»ower re¬ 
quired to produce tlie exhaust m oni' nunuU's 
working of th (5 jiuinp. ('onipared in tins niannei. 
the low-pressure jiumjis an* less elhcient than 
those working at luglu'r pressnri'-H. 

In using these injectors, care should he. taken 
to have a sulliflent and constant water siqipl.!. 
The water tap turned full on sliould supply in 
one minute twice to Ihn'e tunes the quantity 
required by tlio ])uinp in the saine tune. In 
tovim.s and large buildings where many persons 
are using the water at different levels, the 
pressure is often very variable, and a reservoir 
of water under pressure is necessary. A siinph^ 
form devised hy the author is a strong iron 
bottle (or an non boiler) eapalile of standing a 
greivter prcssuie than is likely to 1 h* reijuired. 
Bay up to or over UK) lbs. per square inch. 'I’his 
bottle A (h'ig. 10) has one tube passing to ilic 


’ provided with an overflow at a certain hwgbt, so 
ofl to give a bla^t of air under preeaure suitable 
' for general blowpipe work. Tne vacuum tube 
from the pump la connected by means of the 
tap <' (Fig. 10) with the safety tube n, having a 
Himson valve litted inside ^ the end of the 
vacuum tuls', thence with the barometric gauge 
K and the laboratory vacuum tube «. 

I'hg. 11 shows in full size the tap r in Fig. 10. 
•wliieh 18 lilted to the bottom of the safety tube 
luni *o tlu' laboratorv 
vacuum tube at oacn 
working place on the 
tables r (Fig 10). Anor- 
dinary gooil ga.s taj), 
wbndi should bo spi'cially 
ground so os to be as 
air-tight as possible, has 
the little screw and 
washer at the bottom of 
tlio }>lug removed and 
a hole bored from 
into the ordinary tlirough 
liole of the tan, the lattm* 
being soldered up at one side at 
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bottom connectixl by a T-pieee with the water- 
supply pipe, and it may carry a pressure gauge 
if desired. The connection with the water tap 
may be made with lead pipe and soldered joints, 
or with sound rubber tubing encased in a double 
thickness of strong (canvas sown over it, the 
connections bi'ing well bound with copper wire. 
The bottle being air-tight and water-tight under 
pressure, and full of air when connected with 
the supply pipe, the air cannot escape, but is 
compressed ty the pressure of the wabor. Thus 
at 15, 30. or 45 Ids. pressure the bottle be¬ 
comes half, two-thirds, or three-fourths full of 
water, and with a variable pre-ssuro in the supply 
pipe keeps the pressure more constant, and 
maintains the supply for some time, depending 
on the size of the bottle on reservoir, rassing 
from this reservoir, the supply pipe is next lea 
to the pump b, which may be conveniently 
fixed out of ^0 way on a board against the wall 
behind the laboratory table. The board carries a 
barometrio gauge to show the v^uom obtained. 

Passing from the pump, the water used runs 
into the sink on the »boi»tory table, or if de* 
shfed it may be connected with a box or drum 


so that 

Hill liolo fa from the bottom to one side only, 
ami tho pliii; IS llicn tnmracd and roKroond. 

A pii'i o of tubing, ns is then soldered on to tho 
body of tbo tap and a pointer, 1C, soldered on to 
tlm top of the pluK to point which my it is 
open. When tlio pbig fa turned across in tho 
ordinary position of a closed tap, it is closed to 
botli A and n ; when tho pointer jioints to A, it 
IS open towards a, and if towards b to B. "ho 
tube KI- is fitted oir-tiglit liy moans of a stopper 
m tlie, bottle II (Fig. 10). . . , , .u 

By means of llu-se taps (devised by tho 
author in 18K3). one pump can do all the ca- 
liaustion work in an ordinary laboratory lot a 
number of filtrations going on simultoneously. 
Tlie pump is connooted with a mam pipe of soft 
lead tubing passing along or under the labomto^ 
tables, and at each worker’s place is a ^ttle 
like H (Fig. 10) fixed liolow the table, the tube BK 
from it rising above the table. One end of the 
tap say A, is connected with tho vacuum i^tih 
pipo by soldered lead tubing ; tho other end of the 
tap is connected by a llcxiblo lube with the nltor- 
ing apparatus or otlier vessel to be exhausted. 

In using this arrangement, all the vacuum 
supplied at B must come from the hottlo below 
VB and nut from the main pipe, which is then 
shut off. When the vacuum is not requi^ at 
B, tho top is turned towards a to raise the d^reo 
of exhaustion in the bottle. As these bottles 
are of half-gallon or 2 2 litres capacity, a mode¬ 
rate vacuum in one of them (soy half to thrM- 
quarters tho height of tho barometer) is sufh- 
cient for a fdtration on the sma^l scale, and as 
' there arc a number of such bottles in tho labo¬ 
ratory they form together a vaouum reservoir ol 
! some magnitude ^ailablo at once without 
j waiting. If well fitted, the taps retam the 
! vacuum for several days. A lute made by dis¬ 
solving indiarabber in vaseline at as low a 
temperature as possible is of good service for 
these tap* and connections. 

The author made a senes of oompm® 
tests of the pumps in coin“o» “e W,- 0* 
Chom. Ind.t 1887, 64-761. With a supply and 
pressure or water suited to each pump, ^ 
exhausting receivers of the above capacity, 2*5 



(a) g rii^niding tb« recet^ of 2'2 litres capa<dty | (b) Blowing 
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litocSf Taouft oorreBpoadmg to from hi!f to three* 
qoarters of the h^ht of the barometer oonld 
generally be obtain^ in one minute’s workings; 
such traoua are quite sufficient for ordiimry 
filtrations. 

As the apparent sise of these instruments 
to somewhat m^eading, the quantity of water 
used to the real test of size; pumps of the same 
construction but of difTonant sizes would exhaust 
a receiver at different rates, but in proportion to 
ihe water used. 

The table on p. 198 gives the results in brief 
of tests made with the pumps most frequently 
found in use; tirst, in exhausting a receiver of 
2’2 litres capacity, and second, m blowing air, 
with the exhaust tube of the pump open to the 
atmosphere. The results of the first minute’s 
working only are given, though the tests were 
carried on to 10 minutes. In each case, those 
pumps which worked b<*t during the first 
minute continued to so do throughout, and came 
nearest to the height of the barometer at the 
end of the exhaustion. 

The blowing power of each jmmp iij also a 
test of its exhaustive ))Ower, as in blowing with 
the pump open to the atmosphere it is practically 
erliausting an infinitely large receiver. 

Of the high-pressure piimpH, those of Fischer, 
Bulk, Knecht, and Miioiicke s hrasH pumjw give 
good results, and of tlie low-pressure pumijs. 
which use more wat<‘r, those of Arzberger and 
Zulkowsky. Finkenor, ami Korting, are good 
AlvergniaVs glass and brass punqis ani inter¬ 
mediate in character, and work well through a 
considerable range of preesure. 

(riven abundance of waU‘r at suflicient pres¬ 
sure, the puini)K which give the most rapid 
exhaustions are those of Finkcner, Korting, 
Alvei^niat, Arzbergi?r, and Zulkowsky; but 
whore economy of water is desired, the high- 
pressure pumps ought, if possible, to be used. 
Though considered us macnine^ doing work for 
the power put into them, none of these injectors 
to very perfect, yet they are exceedingly con¬ 
venient, and it will be observed that all those 
tested give at fonic -particvlar pressure in one 
minuted working suflicient vacua for filtrations 
and similar laboratory work. 

In choosing an instrument for laboratory use, 
one should ascertain the average quantity of 
water per minute delivered by the lully open water 
tap end also the average pressure* in the closed 
water pipes. The {lu mp sheeted should require not 
more than half the quantity of water delivered by 
the open tan, and should work well at from haft 
to two-thiros of the preesure in the closed pipes. 

In recent years, there has lioen a great 
increase in the use of injectors for industrial 
purposes, including many chemical and mechani¬ 
cal applications. 

Generally, the enei^ applied in injectors 
givw about 60 p,c. in real effective duty, but' 
their low initial cost, absenqp of moving parts. 
and of meUdlio or corrodible surfaces, and above 
all the perfect control under which they can be 
applied and r^ulated, more than make up for 
the low pereen^e of duty. Thus they are ideal: 
machines where ordinary pumps or exhausters i 
we inadm^ifale, and are exceUent as auxiliary j 
to more com]^cated or permanent ap- 
lyr atos f or improving tiie drauent in furnaces,, 
* ^ mi^ and womhops, and the 


oonveyuiee or transfer of oomN^ve liquids and 
i gases, and of mixtures of solids and liquidB, such 
I as (ordinary sewage, and of mixtures ox sand and 
water. The removal of ashes in steamships to 
most conveniently effect^ by this means. 

Injectors arc used to produce a blast for the 
division or spraying of liquids, as in the burning 
of liquid or somi-liquid fuels under boilers, the 
coating of lai^'o sunaccs by spraying the paint 
over ^them, even where they are difficultly 
accessible. I’ho spraying of water into the 
leaden chambers in the manufacture of sulphuric 
acid is found to be more efficient than the ad4 
mission ot steam. 

• Similarly, the exhaust obtained by injectors 
worked by air, steam, or water, is ap^ied in tlm 
various methods o! vacuum cleaning. These 
applications are well described in the book on 
Ijic 'rransportation of Gases, Liquids, and 
Solids, written and published by Oskar Nagel, of 
New York, 1910. 

A convenient circulating pump which may 
be constructetl out of orainary laboratory 
matoriato, and is adajitcd to maintain a flow of 
water around most complex apparatus at almost 
any desired rate, has Win contrived by J. 8. 
Morgan ((’hem. Soe. Trans. 1916, 107, 1710). 
A simple valve to prevent water from being 
sucked back into the filtering flask has been 
described by Hutchinson (Chem. News, 1912, 
100.99). ‘ T. F. 

FILTRATION is the operation of mechani¬ 
cally separating finely divided solids from their 
associated liquids by means of porous media. 



an effluent. %aoh compartment, a, to filled 
wood-wool, kieselgohr, or similar matstiij uiiidi 
to replaced when choked. Fig. 2 to » seotfoa of 
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a fllUr in which the bc<l, «-10 inches deep, is | 
fonnod by meann of layon* of graded inatenalB, 
aa gravel, Band. coke, iimostone, &c. Th© ] 
upper layer of (fincKt) material is retained in 
pUw;e by a covering of Htout wire gauze or per- 
forated'mctal, when Iho shovcl« of Ike w(jrkmcn 
are removing tin? K<*jiarated koIkIh. 3ly }»ro* 
viding a movable bawk^’t with a lioltom of 
gauze whieli may b«' lift't*<l by means of a crane, 
an economy in hamlling i.s elTeeted where j^bonr 
ifl dear. TIuh filter in intimded for va<-«uin 
working by conm^cling the lower jiipe ojiening o 
to a vacuum vchhcI and pump. The Hwinging pine , 
i cnablea the workman to r<‘inove rapidly the ' 
upper layerB of liquid, winch may beeomi* ck'ar 
by Bulwiilenre. in filters of tluR type, whore tin* 
solids are of no value, their removal is often 
accomplished by atin-ing the upper layem and 
running to waste the turbid lapior. 1’lie 
direction of the liquor eum-nt is often reversed 


for tho same purpose. Water supphw are 
usually filtered through sand filters, and by the 
addition of a coagulant (to form lai^ge aggrega¬ 
tions), such as aluminium sulphate, pressure 
may lie used, and the rate of filtration increased 
from 4 to over 200 vortical inches per hour. 

! Tho ordinary domestic water filter, in which 
j hollow cylinders of biscuit pottery arc used as 
i th(‘ filtenng medium, Js occasionally mot with 
' in a large form in chemical factories. To 
I obtain suitabk^ porosity, such filtering device 
' arc made of clay mixed with finely divided 
combustible materials siieli as wood, cork, &c., 
which are burnt off in the process of firing. 

I J''ilter stones are made on this principle, in 
I which the layers ai-o of varying porosity. 

; For vi'iy fine pii'cipitaies in acid solutions 
! filters provided with such ‘stone*’ or ‘tiles 
' are most sueet^ssful. and arc far more economical 
I than filter presses using woollen cloths. A 



common form is shown in Fig. Jl, and consists there is little diffusion, the amount of washing 
of a lead-lined stool cylinder holding three water rcquircil is verj’Bmall. The rate of filtra- 
(one or more) filtering trays, which may be ‘ tion through these ‘ lik*s ’ does not alter aiter 
attached to the front cover and moved in and • many months of use, and tin* filtrate is bright 
out on roils. The ‘tiles ’ ore provided on the ' from the start. 

underside with grooves o!*with feet to rest on The simplest filtering apparatus in which a 
the floors of the travs, and are cemented in woven fabric is used consists of a frame to 
position. Outlet pipes with valv(« passing : which the fabric is secured. A wicker basket 
through temporary joints on the front or ba<‘k is sometimes used, and this arrangement w 
of the cylinder provide for tlie discharge of the most convenient where the cake of material is 
filtrate. fo ^ folded in the <loth and squeezed in a 

The trays may be filled with sludge or press for the removal of more liquor. Washed 
mother liquor while outside the cylinder, or graphite and similar materials are often sepa- 
aimple airangemente may be made for the rat^ in long and <narrow canvas ^ 

purpose ^ter the admission of compressed air spouts in the delivery channel from the wasmng 
when filtration is proceeding. Sight glasses are apparatus. A simple form of vMuum filter, 
aottttitimeB provided for inspection,^especially ’ using a woven fabric or a dtec of paper as a 
1 a tfufeure that washing commences before th© ! filtering medium, U shown in It is 

one precipitate begins to crack. Generally, I made in stoneware, the perforated plate f» 
the opemtor waits until air appear^ at an outlet i supporting the fabric and the vacuum pump 
before the;valve of that particular tray is closed. : bei^ com^ted with the nome a. ^ , 

The cako is washed in a similar way, and since rittiwtion may bft earned out in centrifi^w 
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maobineB which are conveniently driven from will tcdce place faeteet at those points where 
below. The rotating beeket is provided with a the resistance to the flow of liquor is least, *.«, 
removable cage carrying the filtering cloth, the porosity of the cake is antomatioally main- 
which is bodily removed and replaced at each iainod constant all over, with a • result that 

--— the washing must also bo uniform and 

S ' ft • olHcMont. 

9 ^. 2 . jji 'I’ho most important apparatus for 

iiltration w the lilter press (Fig. 6)—a 
/ mocluinieiU arrangement by which on 

- - h / .ononnems area of filtering surface may 

^ /j ^ \\ 1 „. pro\ide<l in a vrry small space, 

\ . ^-ll (A/ )| with the additional advantage that the 

^ K 1^ curried out under 

|r\ // / conditions of pressure. A 

/ numlicr of platw covered with fdtcir 
^ 1 i ^ I cloth are pul together iu a frame to 

j \ jj I j form a Bori(>H of hollow Hpaces in which 

^ the liijuop to hi fllterod is forced- 
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ouccaitun. Another syntem by wliicli rapid j 
filtration may he obtained \iuth a small area of 
filtering surface coa'^ists in mounltng the filU'r ! 
cloth on a jierforatcd drum, 
as shown in the diagrammatic 
section (Fig. 5). 1’hc drum 
revolves about once, a minute 
ill a bath of the liijuid to be 
filtered which maintami'd 
at a constant level. 'I'hc 
filtrate is removed from the 
inside of the drum under a 
vacuum of 10 or 12 inches of 
mercury., jiroduoed by con¬ 
necting the hollow Kjiindle of 
the drum with a vacuum vessel 
and pump. The dejjosited solids 
on the surface of the, drum are 
washed bv the water jets h 
and finally removed by tlio 
scrapers c.' 

A type of filter which is 
now coming into common 
use is the vacuum leaf filter. 3n tins filter aj 
group of flat filtering bags, provided with 
means t,o prevent them from collapsing, are 
Burroundeil by the liquid to be filk^red, and 
a partial vacuum applied to the interior of the 
ba^s or leaves. When cakes of nifist efficient 
thickness are formed, either the mother liquor 



or the group of Altering leaves is moved, and 
WMhmg water applied. After washing, the 
coto may be disknigod from the leaves by a 
OTff of compressed air. fit will be realised that, 
onnag ^>6 fonmation^of the cake, deposition 



'J'ho central area of each plate is pro¬ 
vided with projection.s or ribs to 
support the filter cloth and to enable the liquid 
which )ia.s passed through the cloth to leave the 
press through a chiinmd in tlio plate. The solid 
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matter is retained in the hollow spaces, and is 
discharged in eakc-^ by Boparating the plates. 
Tiio hollow spaties Ix^tween the plates arc formed 
either by raised margins on the plates. Receded 
plate type or chamber prejm (Fig. 7), or by means 
of distance frames, the width of which deter¬ 
mines the thickness of cake formed, Flush plaU 
and distance frame type or frame press (Fig. 8). 
The plates and frajn*^ are made of material 
suitable for the liquors to be treated, and may 
bo of cast iron, gun-metal, aluminium, hard 
lead, wood, &c. Iron plates are sometimes 
covered with sheet tin, lead, zinc, or ebonite. 
Chamber presses are to bo preferred where the 
solids do not form a solid cake, or where there 
is risk of choking the narrow channels leading 
to the frames of the frame prws. The pressure 
used and the thickness of cake are also deter¬ 
mined by the character of the sepm-ated soU^. 
With slimy solids, a thin plate and a low pressure 
are desirable; the cake may be | inch thielk 
and the pressure may be that produced ^ 
placing the feed tank a few feet above the 
press. EsAily filtered solids may be separated 
m a frame 8 inches wide at a pressure ^ ovw 
100 lbs. per square inch. Frames 1 inch iriw 
are used in ^neral work. 

Owing to the facility of forming chmuuls 
through the press from plate to plate 
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providing holee in each plate in similar positicaui, 
many complicated operations may be perfonned. 
The liquid treated may bo continuously mm- 
tained at a suitable temperature by providing 
; channels in each plate for the circulation of a 
hot or cold fluid. By the pro^sion of rubber 
diaphragms and water under high pressure, the 
cakes may be squeezed before removal from the 
S : press. Washing the cakes is simply acoom* 
-j ! plishecl by feeding the washing water ny means 
^ ‘ of a special channel l)clund the Altering clothe 
of alternate platen*, and allowing it to leave the 
o ' press by a channel coniiectod to the remainder 
z of the platos (Fig. H). As the washing water 
2 ; rises in tlic cakes, the imprisoned air is allowed 
o I to escape by means of air rocks. 

“ I The joints between the plates at each of the 
j holes which form a channel through the press, 

; are made by rubber jmcking rings or by the 
I arrangement of short pieces of rubber pipe so 
that the internal pressure of the liquid ensures 
tightness. 

Air vessels of ample dimensions should be 
j fitted to pumps feeding filter presses to prevent 
! variations in pressure. I’aps are usually pro* 

[ vided on each plate for tne delivery of the 
I filtrate, so that any plaU» may bo cut out should 
1 its eflluent become turbid. In starting the 
I filtration, the pressure is applied gradually to 
I build up the liltoring layer; with some sub- 
; stances, the filtrate is always turbid for a 
i se<!ond or two. Jn presses where the plates 
j deliver their filtrate into a common channel, 
j small cylindrical liltera supported in cages are 
i sometimes provided to stop this action and 
i also, by choking, to automatically stop the 
delivery of a turbid filtrate through the piercing 
of any filter cloth. Presses for volatile liquids 
are usually provided with a cover dipping into 
an oil or water seal, and connect^ on occasion 
! with suitable recovery j>lant. 
i The materials used as filter cloths are simply 
well-made strong fabrics—cotton matmial tor 
most purposes, woollen fabric for dilute acid 
liquors, and for certain fine work, silk. The 
filter paper used should be crinkled to admit of 
itiB expansion in contact with its supporting 
fabric. Wire gauze or perforated metal plates 
are used for some filtrations, a filter bed Ming 
first formed by running into the press a pulp ol 
vegetable or mineral fibres. 

The rate of filtration emd is com¬ 

parable with the flow of liquids throtigh oapUlaiy 
tulles, provided that it is understo^ that tlra 
total area of the passages through the cake is 
affected by the pressure and by the viscosity 
of the filtrate or washing liquid. 

If washing be carried out at pressures which 
do not break down the cake, the rate oi washing 
will depend on the filtration pressure, and is 
; directly proportional to the washing Toenure, 
and inversely proportional to the tmouess of 
: the cake and the visoc«ity of the washing liquid. 
During filtration^ however, owing to the pressure 
affecting the porosity of the cake, the rate is 
usually proportion^ to therpressure raised to a 
power lees tlran unity. An inoreagBe in tise 
viscosity of the liquid increases the vidue of thk 
index. In the case of a coarsely granular or 
oiystalline predpit^ the value of this htdet 
may be 0*6, but wiA fine MPorohous nuledal 
it may not be move than 0'^. Wt^^griatthOos 
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pree^iitct the ^ect of pteesure on the poroeity 
of the oalw is generaHy so Berions^ that only 
encmgh pressure to ensnre the Sow of the mother 
liquor may be used. 

With pieoipitatos requiring much washing, 
it is good practice to filter at a lower piesBore 
than that at which washing is carried out, for 
not only is the rate of washing increased, but 
the efficiency of the washing is improved. It 
will be noticed that in the ordinary filter press 
the thickness of cake during washing is twice 
that during filtration, when the mother liquor 
is delivered in the middle of the cake. 

J. W. H. 

FINE BLUE, GENTIAN BLUE 6B, SPIRIT 
BLUE, OPAL BLUE, BLEU DE NUIT, BLEU 
LUMIERE. The hydrochloride, sulphate, or 
acetate of triphcnylrosaniline and triphenyl- 
pararoeanilinc (v, Tiuphenyi^-metiiank (;oJ-A)X’R- 

INO MATTERS). 

FIRE-CLAY, A refractory clay suitable for 
the manufacture of fire-bricks for fumace- 
lininge, g(u=)-rotort8, cruc^ibles, glass-house pots, 
Ac. The qualities required for such goods are 
that they should retain their size and shape 
during firing, possess strength and durability, 
resist high and sudden changes of temperature, 
and the coirosivo action of hot liquids and gaK<«. 
The attainment of a i:ombination of these 
qualities best suited to any particular purpose 
will depend inore^ on tl\o im,\’si<“a! characters 
of the fire-clay than on its chemical composition, 
and actual trial of sam]>1es is desirable rather 
than detailed analyses. Jt is, however, essential 
that the material should consist mainly of 
aluminium silicate, with only small amounts of 
alkalis, calcium, iron (<«peciaUy os pyrites), and 
titanium, all of which hav<; the effect of lowering 
the fusibility. The presence of free silica also 
has the same effect, but to a much lees d^ree. 
Pure kaoHnite (H^AlgSigOg, m.p. about 1820°) 
and quartz (m.p. 1760°, as tridymite) are both 
highly refractory, but mixtures have a lower 
melting-point than either, with a minimum of 
1^0° for 90 p.c. kaolin and 10 p.c. quartz. 
This is, however, still above the lower limit 
(about 16(K)°) usually allowed for a fire-clay. 
The beet fire-clays occurring beneath beds of 
coal in the English coal-measures contain 
AlnO., 20-30 p.c., and SiOj, 60-70 p.c. (corre- 
spondi^ to almut 3-23 p.c. of free silica). With 
incree^ing amount of silica tliese cla^ys gradually 
pass into sandstones, which are also used as 
refractory materials; e.g. ganister (g.v.) and 
the so-called Dinas ‘ clay ’ from the Vale of 
Neath in Glamoi^anshire, contmning as much as 
08 p.c. of silica. The analyses at top of next 
column are of fire-clays from ; I. Stourbridge in 
WOToeetershire, by C. Tookey (also PjO^, 0*06 
p^c.). II. Dowlais in Glamorganehire, by E. Riley. 
ILL Better-bed fire-clay from Bowling in 
Yorkshire, W J. W. Westmorland (also TiOj, 
0*87 p.c.). IV. Plastic fire-clay from 8t. Louis, 
™ouri, quoted by H. Ries^ 1908 (also SO,, 
® «®)- (For a large series of analyses of British 
Md foreign fire-emys, v. Percya Metallurgy: 
Fuel 1876, 87.) 

^ The cc^brated fire-clay of Stourbridge in 
Woroestemhire is remarkable for the small 
^Ml^mt of (Mmtraotion that it undergoes when 
wed, the shrinki^ of the unrefined clay being 

j W fOKie cases «i low as 1 p.c. For the purpose 





MS 

I. 

U. 

m. 

lY. 

6610 

6712 

6812 

67-ffll 

22-22 

21-18 

26-69 

24-00 

— 

1-86 

2-00 

1-9 

1-92 

— 

— 

1-2 

0 -U 

0-32 

1-15 

0-7 

018 

0-84 

0-69 

0-8 

018 

2-02 

1-17 

0-6 

— 

— 

— 

0-2 

7 10 

4-82 

0-20 

10-6 

218 

1-39 

— 

2-7 

0-58 

0-90 

80, 

0-86 

09 00 

100-44 

99-92 

99-97 


iSiO, , 

AlA 

I Fe.O, 

IFeO . 

CaO . 

MgO . 

K,0 . 

NaA) . 

H,0 . 
j Moistwre 
Organic- matter 


i of reducing Bhrinkage, firo-<-livy is often mixed 
i with ‘grog,’ i.r. burnt fire-clay, which has also 
the effect of giving sufficient porosity to the 
fire-bricks to enable them lio withstand sudden 
: changes of tom}}cmture. A greater degree of 
' porosity, with corrospondiiigTy lees strength, 

' required in the fim-bneks of household stoves, 

' is often produced by mixing sawdust with the 
clay. 

A fire-clay occurring in the millstone-grit 
series at Qlonboig in Lanarksliire, has been 
examined by J. W, Gregory and D. P. Mo- 
: Donald (Proe. Roy. Soc. Edinburgh, 1910, xxx. 
34S, 374), wlio find that the fine-grained cla^ 
substance forming the bulk of tlie material is 

g resent as minute rounded granules about 
-(X)l mm. in diameter; this is amorphous and 
not crystalline, and ia referable to the mineral 
species halloysiie rather than to kaolinite. 

I l^^inbcdded in it are abundant grains of quartz, 
i some grains of felspar, and minute crystals of a 
, rhoiribohodral carbonate rofonrod to sidera- 
; plesite (a variety of chalybite). 

I {V. H. Ries, Clays, their Occurrence, Pro¬ 
perties, and Uses, 2nd ed. New York, 1908; 
A. B. Searle, An Introduction to British Clays, 
Shales, and Sands, London, 1912 ; A. B. Searle, 
Refractory Materials, London, 1917.) 

L. J. a 

FIRE extinction AND PREVENTION. 

Combustion, as it exists in ordinal^ cases of 
fire, is due to the rapid combination of the 
burning material with the oxygen of the air at 
temperatures above the ignition-point, and it 
may be extinguished either by lowering the 
temperature of the burning mass below the 
point necessary for the continuance of the com- 
oustion, or by cutting off the access of air, and 
so depriving the combustion of the oxygen 
which is essential for its support. 

The usual method adopted for extinguishing 
a fire is to pour on to the blazing materia! a Itfge 
volume of water, and this acts partly by render¬ 
ing heat latent in its evaporation, and so cooling 
down the burning mass, and partly by tiie steam 
generated driving back the air and to giving 
time for the cooling action to take effect. 

The force with wlfioh the water is throwil 
upon the burning body also produces a ocA- 
siderable effect by sweeping the flame from the 
surface and so extinguishing the burning 
gaseous presets. 

Although, in round figuree, 1 lb. of well- 
dried wooa on combustion will convert aboutt^ 
6 lbs. of water^to steam, yet in the eariy stages 
of a fire it is oaly the surf^ of the wooa.thm ie 
burning, so that the 5 lbs. of water wfU have a 
useful effect over a considerable surface, tThilet 
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the steam generated occupicfl a volume about 
1700 times that of the water used. 

In the use of water, a certain amount of 
discretion is lu-ressar^', an otherwise undesired 
results may follow. ' For instance, in a big 
•warehouH(! lire, ih<i lower poiirion hoou l>eeoineH 
a mass of rc(l*Iif»1r carbonaccouK matter, and if 
water ik reeklewHiy played into this, tla^ water 
is almost jiistniitly turned into sleam, which is 
decomjiosed in jmssing through liie surrounding 
red-hot earlnm, forming a inixtiirc of h^lrogcii 
and carbon monoxide, known as ‘ water gas.’ 
This gas is ndlanmmble, and hy its I'ombustion 
adds U) the general blaze, whilst, if it esca])cs 
being ignited, it may eolk'ct under ceilings and 
roofs, where, mixing with air, it forms a higlily 
explosive mixture liable to be igniti'd by aji\ 
chance flame or spark. 

If, however, the water is directed on to the 
top of the muss, tlie caihonaceous mailer is 
cooled downwards, so that the steam eviilved 
does not jia-ss tbrough the glowing carhon, 
and there is thus the niimmiini gimeralion of 
infiammablo products. 

A lire eun also bi- cxtinguishi'd liy prai t.K.ally 
smothering it hy cutting <iir the supply of mr, 
and although this is rarely jiraidienoje, yet the 
closing of all doom and windows, bj re<iiicing 
the quantity of nir available, eheeks the com- 
buBtion. 

Watei IS usek'ss for the extinction of burning I 
oils and sjarits, ns these, being lighter than I 
water, float on the surface* and eontiniu' to lumi. 
The best way of treating a tire ol this kind is to 
throw on it sawdust, sand, or enith or anything 
tliat will serve to ki'op the air away, and so 
cause the flame to dii* out. 

Sawdust is more eflicient than sand, ns it. 
floats on the burning liquid. For tlie extin<'tion 
of small petrol flres. such ns may occur in a i 
garage, the British J'^r© I’rovcntion Committee ! 
recommend the use of a mixture of sawdu.st,' 
I bushel (about 12 lbs.), with 10 lbs. of soilium 
bicarbonate. The sawdust iloats on the burning 
liquid, smothering the lire, and tiio action is 
materially assisted hy the carbon dioxide given 
off by the bicarbonate. A mixture patent^ in 
the Ikv^. as ‘ Foaniite ’ consists of acid sulphate 
of alumina an<l bicarbonate of soda, the latter 
being mixed witli a licorice decoction. 'J'he 
two solutions aix* run simultaneously into a 
mixii^ t.ank, and thence flow to the tire. Another 
foaming mixtim^ is jiroduced from solutions of 
sodium hydroxide (caustic soda) and ordinary 
alum. The separate liquids are kept ready for 
use at many stores and garages. 

Attempts have been made to employ certain 
gases which are unable to support, combustion, 
and which can be obtained commercially at a 
fairlv cheap rate, but the advantages of this 
method are very doubtful, as, unless the whole of 
tlie surrounding air can hr replaced by an atmo- 
sphere of the extinguishing gas, little good 
results. With a fire well alight in an open space, 
there is always a strong up-current of hot air 
and products of combustion, so that any gas 
pound on to the fire would lie cartied upwards 
^out of the area where it would be effective. In 
certain eases, however, os in confined sprees, 
this method has its usee. For instance, wmen a 
chimney is on fire, the combustion can be 
stopped by throwing a'handful of sulphur on 
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i the fire in the prate. The sulphur bunw, 
i forming sulphur dioxide, and this being drawn 
the chimney cuts off the supply of air front 
burning soot and so oxtinguiMoe the fire. 

! The fact that eerlain gases and salts will 
I extinguisli a lire und<T certain conditions, has 
led to a variety of ap]iar{it.us being desigi^, 
which are Known under the name of chemical 
extinct.<*urH, and vary m mzc from the small hand 
gnmiule to the liorse-diawn or motor-driven 
eliemual fire engine. Amongst the substances 
that have been bioiigbl, into requisition for this 
])ur{)()s<‘ are such gases as carbon dioxide, 
iiydroi'hloric acid ga-s, and ammonia, none of 
w'hieh HiipporlK combustion, and salts, like 
common sail and borax, tungstates and phos¬ 
phates of the alkali metals, which form a 
iroteetive coating on the surface of the com- 
>u.sti})]e material 

Kxtineleurs may be divided into two clasROS, 
those in wliieh ear\)on dioxide is ]»rovided in R 
li(]uciie<l form in a suitabk' capsule which can 
be ])i(*rce.(l, or the gas genernieu raiiidly from a 
charge of some carbonate, such as chalk or 
sodium (carbonate, an<l an acid in the presence 
of a large volume of water. Tho pressure 
cn-ated by the evolution of the carbon dioxide 
in tho (‘oniaining vessel causes the water to 
dissolve the gas, and at tho same time the 
pressure drives the water liolding the gas in 
solution through tlie small lioso and npzzlc on 
t.o tho tire. The water, ns soon as it is subjected 
to the ordinary atniosplicne pressure and lieat, 
gives up the earlwm <lioxide. which, together 
wilh the steam, drjve>i the air away from the 
burning material, wliilst the cooling effect of tho 
water IS aided in tlu' eximetion by the salts in 
solution coating the heated mass. 

The substanoes generally employed for the 
rajiid evolution of tho earhon dioxide are sodium 
carbonate and hydrochloric or sulphuric acid. 
These chemicals must, of course, be kept 
separate in tlie extineteur until tho moment 
when tlie apparatus is brought into action, and 
there are several devices for securing this end. 
Tn some cases, the acid is contained in a thin 
j gloss bottle, w’hich is left unsealed, at the top of 
j tho apjiaratus, whilst tlie carbonate is dissorved 
in the water. On turning tho containing vessel 
upside down, tlie acid runs out of tho bottle and 
i mingles with tho carbonate solution, causing 
^ immediate evolution of the gas. In other forms, 
j the aciil is in a fealed bottle, which is broken 
I either by tho release of a leaden weight inside 
i tho oxtincteur or by a blow on a plunger from 
: outside. In the large forms of extincteur, the 
, acid is contained in a bottle covered by a lead 
! capsule, wliich can be pierced when necessary 
' by a lever from outside the apparatus. 

According to a Memoranuum of the British 
Fire Prevention Committee (Testa on Fire 
I Extinguishers, No. 18(>), bicarbonate of soda is 
' usually employed, and care must be taken that 
: the normal carinate is not substituted in 
' appliances dwigiied for tho former. The sul* 
phuric acid should be 1*84 Bp.gr., and the 
. quantity used should be considerably l(»s than 
I Ime theoretical amount, so that the discharged 
' liquid shall not be acid. One lb. of bicarbonate 
requires theoretically 9*3 ozs. of pure sulphurio 
acid, but the maximum qnanti^ should not 
exceed C ozs. (by weight); 8mali«r quantities 




MRE aXTINCrriON 

down to 3'5 oza. (weight) being e^u^y effective. 
0*76 ib. of sodium bicarbon&te is sumcient for 
2 gallons of water. « An mr space of 15 p.c. 
should be allowed for cxpansiou of the liquid. 
The quantity of Liquid should not exceed 3 
gallons; with this amount the total weight of 
the extincteur will approximate to 0'6 cwt. 
Less than 1 gallon of liquid is too small to bo of 
piuctical value. Dangerous pressuriw may be 
set up through th<5 rapid generation of gag, 
especially if somo obstruction at lift; valve or 
discharge c-xiBis, and wr^veral fatal ac<*i(l('nts 
have occurred. The (N)mmiUe<' iveomimuKl 
that all extincteurs sliould Ktaud a hydraulic 
prcflsum tost of 350 U>s. per square inch for 
5 mimit(», and the same applies to rubber hose. 
For certain situations it may be necessary to 
provide against the liquid contents freezing, 
yucli .salts as common salt or calcium chloride 
are employed, and thesi‘ may sot up corrosion 
of the metal container, solders, &c. 

The second class of extincteur contains solu¬ 
tions of <'hcmical8 whicli coat the combustible 
materials, and in addition some of them om|iloy 
ohtunieals which give off extinctive gases w’heii 
subjected to the heat of the tiro. 

One of the most I'lTi'ctive of the many .solu¬ 
tions that cun lx? used for this puniosi* is a solu¬ 
tion of a mixture of sodium sulphide and am¬ 
monium chloride in molecular proportions. 
Wheii*this is thrown ujion a hot lire, suijiiiur 
dioxide and nmmoma are set frin*. and smother 
tho combustion, wdubt the remaining com¬ 
bustible gets coated witli u glaze of eommou 
Balt. 

For small tires lihd in the earliest stagiw of 
a fire in an enclosed sjiaeo, extinetcurs have 
proved very useful, but m tho opim and with a 
strong conlittgratioii they arc perfectly useless. 
A fire ean rapidly and easily be extinguished if 
it U* attacked within a few minutes of its start¬ 
ing, but in the majority of cases the fire originates 
during the night or when tho place is shut up, so 
tliat by the iimo the outbreak is noticed the lire 
has gained a firm hold. In order to copo with 
those cases, numerous automatic dovicea, such 
as eprinlders, have been brought forward. • 

The first form of automatic sprinkler was 
introdu<rod by Major A. Stewart Harrison, who 
had the idea of tilting tho various rooms to be 
protected with a system of water pipes fumislicd 
at tho necessary places with nozzloa closed by 
caaily fusible metal plugs. Any senous rise in 
temjiorature melted th<i plugs and startt^d the 
flow of water through the various jets. Auto¬ 
matic sprinklers liavo been widely employed. 
an<l many different forms of apparatus, baaed 
in general” on the release of a valveny the melting 
of strips of fusible alloy, are in use. The alloy 
commonly employed hae the composition: 
bismuth, 4 iiarts; load, 2 parts; tin, 1 part; 
cadmium, I part. Its melting-point is 
(160®F.). Such fusible alloys have also found 
apjiUcation in the automatic release of fire¬ 
proof doors, shutters, &c. * 

It is the earlier stages of an outbreak of lire 
that are the most important from the point of 
view of ease of extinction, and in order to draw 
attention as soon as possible to an outbreak of 
fire in a building, such as a clos^ warehouse, 
automatio fire alarms have been devised, which 
on an undue rise of temperature, complete an 
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electric cironit and ring a bell at a fixed plaoe 
some distance away, say, at a fire station. The 
first forn^ of automatic fire alarm consuitod of 
thermostats, which were sensitive thermo- 
motets, into tho bore of which were sealed 
platinum contacts; as the temperature at the 
seat of tho fire rose, the raoreury of the thermo¬ 
stat expanded and completed an electric con- 
nectioii, causing a fire alarm to ring. But these 
were not c^erbain in action, owing to tho surfaces 
of thu mercury and platinum becoming dirty 
and failing to tistabllsh contact, so to obviate 
this trouble, liquids having a cleansing action 
were introduced above tlic surface of tho 
mercury to jwevent any amalgamation or 
oxidation and ensure contact. 

Anotlior form of thermostat consists of a 
closed U-tube containing mercury, above the 
Kiirface of wliich in each limb a vofaiilo liquid is 
confincil, and one limb in also surrounded oy an 
insulating sletivc. A suildim rise of temperature 
will cause tho liquid to volatilise more rapidly 
m till* exnosod limb, and so drive the mercury 
downwarurt : this action ojiciis a closed electric 
circuit and cIobch a secunilary Hyntom, which 
transmits a signal to any required spot. A 
dilfeit^nl ifil therniostut is also UH<*d in connection 
with a fixed tcmjiuraturti thermostat, which 
remains stationary until a tlofinite temperature 
is aitamud, and then has a long range for a small 
increase in temperature. After the first warning 
call has bi^tm given, a furilier Hho in temperature 
gives a fire cidl. 

Some alarms dcpeml for their action upon 
the uniKjual expansion of metals, whilst otnen 
rely on tlie difference in rate of expansion 
iKitwceii rislaiivoly largi^ and small masses of the 
same mi'tal: but in all cases, the movement 
brought about by the sudden rise of temperature 
is made to complete an ohictric circuit, and thus 
give warning at some predetermined place. 

Although timber, like all organic sulwtanoes. 
is combuHtiblo and ih burnt away when subjected 
to a higli temperature, yet it can bo treated in 
such a way ua to render it fireproof, so that, 
instoad of causing it to burn away, intense heat 
merely i-hars it. Various substances have been 
suggcHteil for this purpose, but many of theM 
so-called ‘ antipyrones^ have proved unsuitable 
owing to their injurious effect upon the wood or 
upon the paints and varnishes used upon it. 
('ommon salt was at one time regarded with 
much favour as a fireproofing material for wood, 
but its hygroHCojiic properties ultimately caused 
^ its use to bo abandoncti. 

! Any fiulwtanco which is to be used for fire- 
' proofing wood must have no deleterious action 
, on tho wood or corrode the nails and screws 
inserted in it, and must also lie a stable and non¬ 
volatile body, otherwise, although the chemical 
might do the required work for a short period, 
if evaporatoil it would leave the wood as in¬ 
flammable as bofote. The compounds, which 
, practical experience has shown to be of use in 
I this direction are ammonium chloride, am- 
i monium phosphate, ammonium sulphate, cal- 
I cium chlimdo, magnesium cldoride, zinc chloride, 

; zinc suljmate, stannrius chloride, alum, borax, 

: boracic acid, and the tungstates. % 

I On a poetical scale, the timber is run on a 
trolley int« a largo chamber, which is sealed ^ 
and then exhausted of air as far as possible- m 
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thiti w»y, ail the air and moistor© are extracted paving slabe of veiy large eize, the beet-known 
* from the oelk cd the wood, and, after aliowmg wing the dark-grey flagetonee of Caitimess and 
the wood to remain in the vacuum for some time the Arbroath pavement of Forfarshire. The 
to compieto the extraction, the solution of celebrated CaithnesB flagstone is one'of the moet 
chemioals is run into the chamber, the whole of important economic producte of the old red 
the coniento being tlien placed under hydraulio sandstone. It is used locally as a building 
pressure, the amount of which is carefufly regu- stone, and for use as stone flooring and stair- 
fated according to tlic nature of the wooa under j oases it has been exported to all parts of the 
treatment, as the jiressure required by a dense I world. The extensive works for Liebig’s meat- 
wood would crush and destroy the colls of a j extract on the River Tlatt' m South Amerioa 
lighter timber. A gauge glass on the claimbcr : are floored throughout with Caithness flags, 
shows when the ri^it proportion of liquid has ; 'Phe stone is finely laminated, tough and com- 
been absorbed, when the wooc is removed, ' jiact, and its (cementing material is siliceous, 
drained, and dried at a definiti; temperature, i avcillacoous, calcareous, and bituminous. The 
The temperature to which the wood is subjected last of theee, derived from the vast number of 
for drying purposes has a groat effect upon the fossil fishes, renders the stone impervious to 
quidity of the final product: too high a tempera- moisture. Analysis of stone from the Castle 
ture will cause the wood to la*- brittle, but if the ' Hill quairies at Thurso, Caithness-shire, gave : 
correct temperatuni ho employed, the woo<l ,Si()j, (>q-45; Al.^OaH-FcjO.,, 10*00; KgO+NajO, 
dries with all its original qualities unimpaired, 2*20; ('atH),. lo iifi * organic matter, 5*79 p.c. 
but with the added proja'cty of nou-inflamina- ^ Weight per cubic foot, 157 llw. L. J. 8. 
bility. ' FLAKE WHITE. A variety of white lead 

Wood treated in tlu.s way, with mixtures rif (f. Lead). The term is also applied to basic 
ammonium phosjilmte and horai-ic a<'id. can be , bismuth nitrate, 
worked in just the same way as uon-treated FLAME, 

wood: it has no injurious effect upon the tools, Incandescence of gases. When solids and 

and will take paints, varnishes, and oilier decora- , liquids are heated beyond a certain tomperaturo 
tivo material as well us before treatment, whilst! by an external source of heat, they become 
nails and screws do not corrode in it. I luminous, and the intensity of the light emitted 

When wood tlius treated is subjected to tlic ' increases very rapidly as the temperature is 
action of a flame, eliamng takiis placid, as the | further increased, There is no reason to 

oelluloHe of the wuo<l lihre is still lott, and under i sujipose that gases would behave differently 

the acitiori of heat is carbonised, but directly ; except in degre^e, for according to the kinetic 
the flame is nuTioveil the charred moss blackens, : molecular theory of matter, light should arise 
and no spreading of the fire takes place. This ; from molecular vibrations occasioned by mole- 
effect is due to the chemicals used (childly am- eular collisions. It is doubtful, however, 
rooniuin phosphate and boraeic acid) being whether a gas has ever been brought by artifice 

forced into the colls of the wood by the course into what may bo called a state of purely 

of treatment udoptA-d, and once trhere it is Ihornud glow. 'Flic high transparency of gaaes 
practically iriijiossible to remove them. Under to light is comdative to a very low omissivity. 
the influence of heat, the ammonium jihosphate iodine‘vapour, which is an exceptional gas m 
decomposes, giving off ammonia and pliosphoric its absorptive jiower, docs indeed glow when 
acid, tno former of which drives any air out of heated in a glass tuljc oven when the walls are 
the wood replacing it by a non-combustible gas, considerably below a red heat, 0ut there is 
whilst the tihosphoric acid together with the reason to tx*licvo that this glow is connected 
boracie acid coat the coll walls with a glaze, witli the dissociation and recombination of the 
which prevents the access of oxygon from the air atoms in the iodine molecule (see especially 
to cany on further combustion. V. B. L. Evans, ABlro]>hy8, J. 32; 1, 1910). 

FISCHER’S SALT, Potfusaium c<)lHil(initrite, j Attempts to heat colourless gases, such as 
FI5ET1K, FISETOL r. Youno I'lrsTic, nitrogen, to the glowing-point, have givMi 

FISH OILS u. Oils AND B'ats. negative results. 

FLACfflTONE. A stratified rock which may In almost every case, a fame ie glowing 
be split along the planes of bedding into smooth- gas, and in view of the facts just recited we 
faced slabs, suitamc for use as paving stones, must add the qualification that Iht glow is the 
Jf the stone ia too absorbent, or finely laminated, accompaniment of chemical change. It would be 
the surface is apt to flake off by tiie action of : possible to refine upon this definition. A 
frost As hardness and durability are ^ential ' flame ’ of pure hydrogen in dustier air is, 
in a fli^tone, sandstones are superior to colca- according to Stas, mvisiblc, the radiation of 
reous or argillaceous rocks. The flaggy sand- short-wave length being wholly in the ultra- 
stones are generally micaceous; and their violet. Again, the glow observed during the 
fissility may be partly due to the presence of decomposition of acetylene in a hot tube may 
mioa along defimte planes. The b^t English be due wholly to the particles of liberated carbon 
flagstones are derivea from ^he lower coabmea- and in no degree to anything gaseous. But, 
sures, the millstone grit, and the Yoredale rocks, speaking genemlly., the basis of flame u a 
Most of the fla^ lued for paving the streets of glowing gas, and tile exciting cause ohemioM 
London are obtained from the Yorkshire coal- action. jThis description would include ordinary 
field. The Elland flagstone, which is o;|t€nsively hot flames and also flames of the kind ctflled 
worked, iti a finegrained micaceous sandstone phosphorescent, which may be quite cold in ^ 
frA the lower ooai-measures, or ganister series, ordinary sense of the word. 

P iding with petsistenoe through^ the coal- Jf, then, a chemical change takes pko^ 
of Yorkshire Lancashire, and Derbyshire, reeultiiq; in the |xroductioii cd w and the lib«^ 
xitibknd, the lower old red sandstone yields Hon of a quantity of ^twt onemical mergy, m 

.. .n. ' f - 
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fiamd may make its appearanoe. Experienoe 
•iMmi tiiat thii only oooiub when the amount oi 
liberated ts vtny coneiderabie, in othor 
wot£, flamee are only to be expected during the 
resolution of ^gbly endothermio compounds, like 
guncotton, into gaseous constituents, or during the 
tormation of highly exothermic compound gases 
from their components, as in the case of carbon 
dioxide from carbon monoxide and oxygen. In 
{hoephorosccnt dames, such an that of phos¬ 
phorus, the eneigy liberated per gram-inoleoule 
of product formed is no lees considerable. 

!Elamee produced during the decomposition 
of single endothermic oompounds do not call 
for any detailed consideration, sinci;, apart 
from their geriesis, they do not present many 
special features of interest. 'I’iie ease of acety¬ 
lene is interesting, inasmuch as a flame initiated 
in a column of the gas at one point is not propa¬ 
gated for more than a short distance, unless the 
gas is under a pressure of about two atmospheres. 

Conditions determining flame. The princi¬ 
ples underlying dame piieiiomena arc bt«t con¬ 
sidered in the ordinary case when^ tliu ilamc is 
occasioned by combination betw(M*n two sub¬ 
stances, either single substanew or mixtures of 
substances. Such a case its that of coal gas and 
air is complicated by the fact that l>oth those 
substances are mixtures, and it is to l>e remem¬ 
bered that in the interminghng of such mixtures 
the diffusive power of <;ach compom'iit will 
assert itself and*Icad, for the moment, to local 
variations of condition. 

In selecting even one of the simplest cases 
for the purpose of diHcussing flame phenomena, 
it is necessary to premise that there are many 
factors of which we bavc> at present only an 
imperfect knowledge, and many doubtless of 
which wo have no conei^ption at all. Wo may 
recall, for example, the remarkable discoveries 
concerning the influence of minute quantities of 
water vapour upon the initiation and intc^nsity 
of combustion. The mechanism of what was 
formerly regarded as so simple a chemical 
phenomenon—tlio burning of hydrogen—is full 
of difticulties. If. B. Dixon, discussing this 
subject (Chem. Soe. Trans. 1910, 97, 001), 
consideiu that sU^m intorvenos in the initial 
action of hydrogen on oxygen at moderate 
temperatures, but ho does not think it necossary 
for the prop^ation of a dame once started in 
the mixture. The mode of action of the steam, 
which, according to E. W. Morley’s calculation, 

? uoted by Bone (Britisli Association Reports, 
910), is present to less than the extent of 
4 molecules per 1000 million molecules of dried 
gas, is at present unintelligible. 

Notwithstanding Larmor’s conclusion about 
the infrequency of trimolecular coUisions in a 
gas, and the support thereby given to the 
theoretical and experimental inference of other 
workers as to the probability of one molecule of 
hydrogen uniting initially with one molecule of 
oxroen, Dixon ^owa that there are great diffi- 
ouhiteB in nmintaining that h^idrogen peroxide 
is tile first product formed in a hyort^en dame. 

fiSmi l ar complications present themselves in 
TOwly every case of combustion. The main 
j ^oom ens of flame however, be usefully 
®*®»aed without entering into minutiie of the 
teansactions involved, and this course 
Itffl be tidren in what fcdlows. 


Umtis «l IfiflumubUity. In order that » 

I flame of the common ^pe may be produced, it « 
; ie necessary to have we oomoinhu substaiMee 
' mixed in certain proportions, ana to heat a 
portion of the mixture initially to a oertiun 
temperature. The proportions within wluoh 
self-BUBtainiug flame may be incited are called 
the Umiis of injUmmiabUttyt and the temperature 
at which self-sustaining flame is set up is called 
the Icmpcraiurc of igrtition. 

When a {>ortion of a stationary inflammable 
mixture*is raised to the temperature of ignition, 
imlcss the quantity ho heated is very nmuto, a 
dame travels tlirough the mixture. The flame 
may, however, bo quenched in the nrighbour* 
hood of surfaces of high heat conductivity, as, 
for example, when it enters narrow tulras or 
impinges ut>on a fine metallic meshwork. This 
is the wt^lI-KDown principle whicli applies in the 
miner’s safety lamp, the darning fire-damp and 
air within the lamp being extinguished in con¬ 
tact with the metallic gauze. The rate at which 
a dame travels through an inflammable mixture 
de|>euds, apart from the form and material of 
the enclosure, on the nature of the gases, on 
their proportion in the mixture, and on the 
distance; traversed. Formerly, the rates of 
inflammation of gaseous mixtures wore supposed 
to bo very moderate. Thus, for hydrogen’^d 
oxygen in the proportions of electrolytic gas, 
Bunsen gave the rate of propagation of flame 
08 34 metres per 8<;eond. 

The existence of vastly higher rates was first 
demonstrated by Berthelot, in the disoovew of 
the ‘ explosive wave,’ and as the result of his 
nwtearches os well as tliose of Mallard and Le 
Ohatelier and U. B. Dixon, we now know that 
in many gaseous mixtures tho initial slow rate ^ 
of injlamntation may be succeeded by a rate of 
ej:j)lo8ton or detonation, amounting to between 
1500 and 3500 metres per second. If mixtures 
of tliis kind be ignited at the end of a long 
tubes the flame first proceeds with a sensibly 
uniform velocity for a distance of from 0*^ 
to 1 metre (period of inflammation); then a 
vibratory movement ensues, which increase 
in intensity until finally the explosive wave is 
sot u]i, and the flame proceeds through the 
rest of the mixture with the high velocity just 
described. 

In connection with damos, we are oonoemed 
only with the rates of inflammation, and these 
> are exhibited for a number of mixtures in the 
' diagram (Fig. 1 taken from Chapman, Cliem. Soo. 
Trans. 1921, 119, 1<>7»). 

As will bo seen from the diagram, the rate 
• of propagation of flame is not necessarily 
greatest in mixtures containing the combinii^ 

I gases in the proportions just required for oom> 

I plete combiimtion. The flame in a mixture of 
40 p.c. of hydn^en and 60 p.c. of air has a higher 
I rate of propagation than one with 26 or 29 p.o. 

I of hydrogen (the stoifliiometric proportions). 

I This apparent anomaly is explain^ when we 
I consider that (1) boat evolution per unit veflume 
: of the mixture diminislmB as wo depart from the 
I stoichiometricid proportions: (2) heat condwition 
I from layer t<f layer increases in rapidity as the 
' proportion of the h^hly conducting ^ (hydio>| 
gen) increases, until (3) this aoceleratin^ effect eff 
the gas m excere is balanced by the dtpaiiuitkm 
‘ of heat evolved per unit volume of the tnlxtQre. 
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1 intemitie*}, a greater rate of combination liaa 
I eot in, and the liberation of boat becomes more 
i perceptible. 

The foregoing considerations lead to a 
tolerably precise characterisation of the tempera- 
: turo of' ignition. As heat is supplied at an 
‘ increasing rate to a gaseous mixture, the rate of 
combination increases, and if the combination 
itself producrcs Ijeat, a point will bo eventually 
reached when this heat will bo produced witli 
BuOicient speed to compensate tlxe loss due to 
radiation and conduction. The source of 
external heat may then bo withdrawn and the 
burning will continue. The temperature re¬ 
quired to induce this condition is Ino tempera¬ 
ture of ignition. It may Iks well illustratoa by 
causing the vapour of carbon disulphide to issue 
from a tube at tlic mouth of whicn is a riiw of 
platinum wire that can be gradually heated by 
an electric current. A pliosphoresccnt flame 
appi^ars Ixdow the temjieratun^ of ignition. If 
fho current through the platinum ring be 
diiiiinislied, tlie flame disappears ; if it l)e raised, 
the flame mcreasos in intensity until a certain 
ieniperaturo is attained when self-suatainiftg 
combustion ensues and accessory heat from the 
platinum ring is lu* longer necessary. 

The following table of ignition t^mpoiuturos 
IK taken from a pujjcr by Dixon and t-oward 
(Chem. Soc. Trans. 11)00, 05, 514);— 


to which a portion must lie heated to produce self- 
sustaining flame. The faetthaltbey are usually 
ignited by a mati-h flame or a spark of high tern- 
jicrature produees the impression that a flame 
neotsaarily npjiears pn siUtnm. Experiment and 
theory teaeli that the rate of eiiemioal action 
varies I’ontinuously with varying temjKTature, 
and if flame is iu(*re!y an aecomjianiment of 
chomicai action, it should appear gradually as 
the temperatmv ih iticn'asod. 'I'he fraction of 
combining molecules in a mixture at low tem- 
porature might not yield a visible amount of 
radiation ; but lus thi^ temperature rose we might 
expect a glow to appear gradually and to in¬ 
tensify. As the rate of chemical action normally 
increases very rapully with hicivasing temjiera- 
ture, the luminositv need not appear far liolow 
the tompi'rature of iguition. To tost lliis view, 
it is therefore neceasury to examine mixtures 
in that region of temperature. Almost the only 
COSO that at once prese-nte iteelf is that of phos¬ 
phorus. Phosphorus ignites at about flO", so that 
at the ordinary temperature it is within 50° of 
its temperature of ignition. The fact that its 
vapour glows at urinary temperature is the 
best-known property of phosphorus. The glow 
diminishes as the temperature is reduced, and 
dis^jiears at about 7°. 

Tf other oombustiblo substances art* examined 
under corresponding conditions, the vast ma¬ 
jority show the same property. All that is ntsies- 
saiy is te heat them in admixture with air to 
a temperature near their igniiing-point, when 
they snow all the ap^wnraiK c of ' phosphores¬ 
cence.’ ^ 

When phosphorcseence begins, the number of 
molcr uleB combining in a given volume of the gas 
is small, so that the olevatiouiof temperature 
of the whole mixture will be small. As the 
temperature is raised and the ^osphoroseence 


Thii: liiNiTioN Ti!:Mpjt:RATUUii.s OF Gases. 

iRiiiticii temperature 
lu oxygen In air 

Between Menu Between Mean 
Ilydi'ogen . 580‘'-5y0° 585° 580°-r>(K)° 585® 

('arbon mon¬ 
oxide (moi.st) ()37°-(>58° (>50° (}44°-t)r>8° 651® 
Cyanogen . 803°-8l8° 811® 850°-862® 856® 

Ethylene . r)00°-519° 510° 642®-547® 643® 

Acetylene . 41()°-440® 428° 406®-440® 429® 

Hydrogen sul- 

: phide . . 220®-235® 227° 346®-379® 364° 

i Methane . 556°-700° — t>50°-750® — 

Ethane. . . r)20°-()30° — 520®-630® — 

I Propane . 490''-570° — _ _ 

Ammonia . 700°--860° — _ _ 

Tile g^ses wert^ sej>arately heated to the same 
temperature and then allowed to moot, and in 
this way certain difficulties attending earlier 
methods of dotermimng ignition temperatures 
were overcome. Another method of deter¬ 
mining temperatures of ignition employed by 
• Falk (J. Amer. Chem. Soc. 28, 1517 ; 29, 1536) 
and modified by Dixon (Chem. Soc. Trans. 191(h 
97, 074), consists in compressing tim gaseous 
mixture under practically adiabatic conditions, 
and so heating it to the point of inflamma¬ 
tion. 

Types of flame. A stationary flame with 
complete combustion may be produced by ignit¬ 
ing an inflammable mixture as it issues iiSo a 
n«*utral atinospheit*, or bv allowing one of the 
eonibiniug gaw« to issue irom an ozifioo into an 
, attnosphere of the other, and igniting the self- 
1 mode mixture at the orifice. A third method is 
to have one gas in excess in the mixture and to 
allow it to issue into an atmosphere eontaming 
the other. A” *'*.^ 
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fmctice, ftnd they mergo into each other. I>t 
lu coDsider the case of a flame of carbon mon- 
osdde in air, which lends iteeif readily to experi- 
. mental demonstration. (<9ce Fie. 2.) 

Jf undiluted carbon monoxide bo sent from 
a cylindrical tube under a gentle pressure, the 
flame which is formed is a simple hollow cone oi , 
blue light resting upon the orifice of the tube («). 1 
If the tube be made of a material of high heat i 
conductivity, thert^ is a perceptible gap of ' 
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extinction between the end of the tube and the 
superimposed flanio. 'I’lie genesis of the cone 
is easy to understand. The escaping gas makes 
its own mixture with air, and so the stream is 
burned through from tlie outside os it ascends. 
The current of gas, moreover, issues with a 
CTeater velocity in the axis of the tulie than at 
the sides, where it is impeded by friction against 
the walls, and the unbumed gas in the middle is 
abo heated as it ascends througli the burning 
walla. All these factors promote the conical 
form of the flame. 'I’he form of a carbon 
monoxide flame issuing from anj’ other kind of 
oriflee can be predicted from similar considera¬ 
tions. Of course, when the velocity of issue 
increases, tlio case Is complicated by the turbu¬ 
lent motion of the gas. 

Let us now consider the effect of adding some 
air to the carbon monoxide before it is-sues from 
the orifice. Air added in this Way is often 
called winiary air, and the additional air taken 
from the atmosphere round the orifice to com¬ 
plete the combustion is called secondary air. A 
flmali quantity of primary air prf^uoes a 
^notic^ble effect upon the flame. The cone 
diminishes in height, and seems to have a lining 
brighter blue (6). With a little more air, the 
lining is soon to be a second cone within the first, 
consequentlv with a gentler slope. The 
individuality of tois inner cone becomes apparent 
when the proportion of primary air mixea with 
, the iasvdn|; gas is sufficient to bring the mixture 
wdl wdthin the limits of ' inflammability * (c). 
The mixture is, indeed, inflaming downwards, but 
as tbe rate of propagation doee not exceed the 
vward velority <rt the gas stream, tbe inner cone 
cannot travel against the gas stream, 
more air, however, a greater rate of in- 
UffintaUon ensues, and eventually the inner 
VoL. lu.—r. 


cone, after becoming more and more squat, 
enters the tube and travels agiUnst the gas 
stream, first as a flat disc and then as a convex 
surface with the bulge downwards (d)* Through¬ 
out all these changes, the second or outer cone is 
maintained at the orifice of the tube by the com¬ 
bustion in the external air of the cai'bon mon¬ 
oxide remaining in oxcosh of what the primaiy 
air auffioes to oxidise in the inner cone or 
(line. It loses in brillianoo owing to its dilu¬ 
tion with the carbon dioxide and nitre^en 
which come up from tlie inner cone. If the 
primary air supply Ik> further increased, the 
outer rone will eventually disappear altogether, 
for a point is reached wlicn the oxidation con be 
completed by tlu? })rimnry air (c). This, however, 
is not tlio end point, for an oxetww of primary 
air. just like a defect, diminishes the rate of 
inflammation, and consequently when this rate 
has Iwen reduced below the velocity of outflow 
of the gaseous mixture, the single (inner) cone 
of flame will rise again to the- orifice of the tube 
and remain there. It is to be noted that now 
the flame consists of only one film of burning 
gas. 'Phe film is still conical, in virtue of the 
greater axial velocity in the stream of gas, but 
it has considerable thickness, and its lower 
boundary is also a conical surface ( f ). There is 
nt’cd of a term to distinguish a flame of gas 
winch is burning continuously throughout the 
1 whole or nearly tin; wliole spaire included by its 
, external surface, from one which is burning in 
thin films and whose oxtcnial surface includes 
] chioHy unbumed gas. The word ‘ solid ’ is 
; sometimes used in this connection, but a * solid 
i carbon monoxide flame ’ is obviously a contra- 
I diction in terms. PorhajiH one might speak of 
; a volume Jlanif os dist inguished from & jilm Jlame. 
j 'J’he last st-ago to l>c described in the devriop- 
I inent of the (carbon monoxide air flame is reached 
! when the excess of primary air brin^ the 
I mixtiiro near to the limit.3 of inflammability, or, 
precisely speaking, when the rate of inflamma- 
I tion of the mixture is reduced liclow the velocity 
I of the slow-moving part of the ascending 
i mixture adjac^ent to uie walls of tlie tube. The 
i flame then gets detached from the orifice, rises, 

' and disaiqiears. 

The various phases are shown diagramma- 
tically in Fig. 2. * 

In Fig. 2 (c) the inner cone, which has re- 
i treated, is shown as being arrosted at the oriflee 
! of the narrow tulie through which the mixed 

S ' ases arc led into the wider one. The arrest is 
ue to the fact that the velocity of effiux Uirough 
' the narrow tube exceeds in all cases, for the 
: present example, the velocity of inflammation 
I of the mixture. Mention may here be made of 
! a piece of apparatus used by Smitbells (Cheon. 
j Soc. Trans. 1892, 01, 204), known as the flame 
I separatoi*, as it depends for its action on the 
I principle just referred to. The separator, Fig, 3, 

; oonsists of two evlindneal tubes of different dia¬ 
meter, made preferably of fireproof glass, one of 
; which slides within the other through an tndia- 
j rubber collar. A brass candle adapter attached 
to the innea tube <4(ect» the inner tube coadal 
with the outer one. Mixtures of im inflammable 
gas and air can be admitted through the lower 
end of the nanaw tube by attaching a T -pteoe, or 
; more simply % attachiim it to a Bnnaan bon^. 
Zn all cases, a two-conea flame can be obtiUoed, 
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Fig. 3. 


and if the proportion of the gaeee is suitably 
adjtuited for a velocity of inflammation inter* 
mMiate between the upward velocity of the 
mixture in the wide tul)e and that in the narrow 

_ one, the inner (;<jno will descend in 

the wide tuki and come to rest at 
th(5 oriliee of the narrower one. If the 
outer cone l>e now slid down, a two- 
eoned t!am<! rests on ilie onftco of the 
narrow tube. Tlie praotieal value of 
the appliance dctpends on the fact that 
pi it pernntH cd tlie osjural ion of the in 
y u terconal );a«(‘K in a ])Ur(! stab*, and in 
W this way it has Im'oh of asHistamic in 
^ the siiidv of the juogresH fif combustion 
in <’((inp(e.\ gases. 

Flame temperatures. The nrineinles 

W developed in thediHeiiKsionof tiie carbon 
monoxide air flame are nj)plicablo to all 
flames \Vo may now apjily tliem in . 
coniieetion with the question of flame 
t(‘mporaturo. 

in Njieaking of the femporature of 
flame it is necewsary to specify exactly | 
what is moant by tlio term. .Most 
flames are composed of thin films, 
and their external surface encloses ' 
a large quantity of unburned gas Wc might 
Hjieak of the temperature of sindi a llnme as | 
meaning the average thermal static of the ' 
burning films and tlie includeil gas. This, , 
however, is not the (uistom. 'J’he tem|>erature 
attainable by tlie eornbustion of gas usually ; 
means the temjierature which would be indicated j 
by a thennometric instrument wholly immersed I 
in the region of eornbustion. It is obviously ’ 
ve^ difiicult to make such measurements in j 
thin fllms of flame; in volume flames, produced I 
by burning ready-made mixtures of combuBtiblo 
gas and air it is more practicable to measure 
tne temperature exjierimontallv. Flame tem¬ 
peratures blive been measured efiiofly (1) by 
onloding gaseous mixtures and calculating the 
temperature from the increase of pressure; 
(2) oy means of thermo-couples, esnecially the 
nlatinum platinum-rhodium eouplo of Le 
Chatelier; (3) by use of optical pyrometers in 
cases where the flame contains mcandoscent 
solid ; (4) by analysis of interconal gases and 
the application of tliormodynamics. The sub¬ 
ject, Iwth theoroticaliy and practically, is com¬ 
plicated. and an adequate discussion is impossible 
within the limits of this article. A ‘ theoretical 
temperature ’ of flame may be calculated from 
the therm^ value of the reaction, and the mass 
and specific heat of the products. Thus, in the 
case of hydrogen, taking the lieat of formation 
of a gram-molecule of steam (18 grams) to be 
57,500 calories, and the specific heat of steam 
at constant pressure as 0*4805, wo have : 

t>- # * * ^7500 

Rise of temperature 


Calculated flame temperatures, where is 
used, proceed on the assumption that the heat 
of reaction is distributed among all the products, 
including tlio passive nitrogen, so as to bring 
them to tlie same temperature. Thus, in the 
above <ialculation, wo should, if air were used 
instead of oxygen, add a term for the nitrc^;en, 
&c., and so obtain a value of about 2500°. 

TemperaturcR of flames, calculated in this 
way, for combustion in air, approximate more 
nearly to tlie measured tempeiatuna, and the 
numbers obtained serve at least to give on 
estimate of the relative temperatures of mfTerent 
flames. 

'J’he following table is calculated by Le 
('hatcliei, all the substances being burnt in air:— 
(’tot’O,. . 2040'^ . 1860° 

(UoCO . 1280^' CjUg . 2420° 

<-H) . . 2100° i’roducergas 1350° 

JJj . . 1970° 

To thewe may be added : combustion of C 
m air with .5 p.c. unused oxygen in the products, 
ditto with 5 p.c. of 00 in the products, 
1930^; producer gas with air supply heated to 
\m)\ 2150°. 

How far these calculated figures accord with 
direct nicasurcmentH may bo illustrated by the 
following results, given by F^ry, who used an 
optical niothod :— 

Flame Tkmi'ekaturbs (Pfeuy, 1904). 

Deg. C. Deg. F. 

Bunsen burner, §as fully aerated 1871 3400 

„ ,, insufticient air 1712 3114 

Acetylene flame . . . 2648 4618 

Alcohol flame .... 1706 3101 

Denayrouze burner, alcohol and 

air.1862 ,3384 

Do., half each alcohol and petro¬ 
leum spirit .... 2063 3727 

Hydrogen, free flame in air . 1900 3462 

Oxy-coal gas blow-pipo flame 2200 3992 

Oxy-hydrogen „ . 2420 4388 

To these may bo added a series of recorded 
lomperatiues of the flame of a Bunsen burner 
using coal gas: 

Maxjmu.m Tempbraturb in thb Flahb of a 
BrNSEN Bfhnbr usino Coal Gas. 


Date. 

Deg. C. 

18(K).—Bunsen and Kirchhoff . 

. 2360 

1877.- Roeetti 

. 1360 

1892.—Rogers 

. 1230 

1892.—Lowes 

. 1630 

1896.—M‘Crae 

. 1725 

1896.“-Waggener . 

. 1770 

1899.- Berkenbusch 

. 1830 

1902.—White and Traver 

. 1780 

1906.—F6ry .... 

. 1871 


• 6656°. 


'V8x 0-4805 
As a mattei of experiment, the temperature of 
an oxy-hydr<»en flame is found to be about 
2400° (Fery). 

The diEcrepanoy is easily aindersfood, for the 
calculation involvre severd assumptions; the 
Motion is sufmosed to be instantaneous, so that 
no heat is ramated in the process, end tl^ speoifio 
beat of itoam ts snppo^ to be^ unaltered at 
high tomneratu^ ^th these aasun^tions 
are hi eonniot with experimental facts. 


Only the later numbers are of importanoe. 
Feiy estimates the temperature of the emotrio are 
to he 3760°, and that of the sun to be 78(X)°. 
The temperature of the acetylene-oxygen flam w 
is suppo^ to be between 3(X)0° and 4(^°. 

Another aspect of the temperature quesHon ' 
presents itself when the practical use ol 
IS involved. As an example, we may briefiy 
discuss the use of a coal^as air flame for heathig 
a Welsbach mantle. The object tt, ol ootuse, 
to get the nudmum flux l^t from tbs OOB- 
Bumptioa o| a fixed amount of coal gas, in otbar 
wor^, we seek to the maximaia 
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maximum tempemtuze. A: 
primary consideration is, that aa the temperature ; 
ta raiaed the intensity of light emitted increases j 
is a much more rapid ratio. The total enez^ ; 
radiation of an ideally ‘ black body * Increases ! 
aa ^e fourth power of the absolute temperature, j 
and of this radiation the proportion which is I 
visible also increases in a rapid ratio. This | 
is especially the case with tlie Welsbach mantle ' 
which has a selective radiating power for short | 
wave lengths. Kven a small reduction in tern- ^ 
perature must therefore be accompanied by a j 
foes of intrinsic brilliance. 

Again, having regard to the shape of a ; 
mantle, to its inevitable irregularities, original 
or acquired, and to the unsteadiness of a flame, 
it ui evident that a high temperature can only ' 
be attained when it is suspended in a tolerably ; 
thick stratum of flame, altnoiigh the mantle has | 
doubtless a steadying and localising edfect on ■ 
the flame. 

Revertinp to the discussion of the carbon i 
monoxide air flame wo may easily apply the 
conclusions to the case of a Bunsen burner, 
using coal gas and air. 'Plus biirnep, as used in 
its ordinary form, draws in through tlie air ports 
at the base (by the injector action of the coal 
gas escaping from the nipjde) from 2 to 2^ times : 
its volume of air, about half the amount required j 
for complete combustion. 1’his air effects a i 
partial oxidation of the coal gas, and yields an ' 
inner cone of flame ; tlio oxidation is completed j 
when the products from the inner cone mingle j 
with the external air, an outer cone being formed. : 
A Bunsen or ‘ atmosjiheric ’ burner thus gives a 
double flame. If the two cones be separated by 
a considerable interval m the flame separator, ; 
it is easy to show that the temperature reigning ! 
in the inner cone exceeds that in the outer cone. ’ 
but if the two cones arc close together, the 
reverse is tlie case. The explanation is to be . 
found in the fact that when the two com« are ‘ 
near, the gases coming to the outer (;one have . 
still a high temperature from the act of their 
formation, and their temperature is to bo added 
to the rise occasioned by the completion of their 
combustion, in tho outer cone. From this it 
might appear that the host, disposition of a 
mantle in the flame would be that in which it j 
occupies the surface of the outer cono. But it , 
is to be remembered that the mantle deforms i 
the cone by altering the currents of gas and i 
air, and, besides, the outer surface oT the mantle I 
will lose heat very rapidly if it is at the con- ' 
fines of the flame. We should rather suppose, ^ 
therefore, that it would be better to submerge 
the mantle in the flame to some extent, and if 
this is done and if at the same time by the use . 
of a glass chimney we cause a more rapid flux 
of mr round the flame to quicken the combustion 
in tho outer cone, we get the conditions which, 
as a matter of fact, have been found most 
effective for heating a mantle with the original 
type of Bunsen burner. 

The great gain to be secured W raisir^ the ; 
temperature of the mantle soon lecT to moaifica- < 
tions of the ori^al Bunsen burner, whereby it, 
w^ sought to mtroduce a larger proportion of i 
primary air. A number of devices have : 
been used, of which the two mc^t important < 
relate to the form of the burner tube and to the j 
eonstruotiim of burner bead. i 


In the w^-kimfwn4Cem burner, the tube 
formed on tho Venturi principle, and haa ii 
tomally the form of a hyperbolic spindle a. Tt 
secures an intake of primary air ^^ch is praol 
cally suflicient for complete combustion. T1 
mixing of air and gas and the stability of tl 
flame arc secured by an expanded burner hea 
capped by a serrated disc ii, through the teeth ' 
which tho gas mixture issues in narrow stream 
These streams coalesce and produce a conic 
sheet of flame of uniform character and sensib 
thicknes.s. The flame, in fact, is of the blox 
pipe type (Fig. 4a). 

Tlie M6ker burner is constructed on mu< 
tho same principle, but the gas mixture pass 
from tlie expanded burner head through a dei 
metal grid. Tho flame is therefore a cone 
gas burning through and through. It will 1 



Fig. 4a. Fig. 4 b. 


seen that the Kern flame is designed special 
for heating a mantle, whilst tho M6ker flamw 
designed to confine the combustion to the sma 
est attainable volume and to provide a ve: 
compact liot flame for general laboratory 
furnace use (Fig. 4b). 

Increased in-draught of air can also 
secured by the use of chimneys. If the gas 
air or both ore put under extra preesure and 
delivered with iugh velocity, volume flames nu 
be obtained, which, unlike that of a M4k 
burner, have their base blown up into a con 
so that the flame appears to be two-coned. Tfc 
reallv constitutes a Blowpipe flame. 

'fhe inversion of a Bunsen flame modifi 
its form in such a way as to make it mo 
efiiciont for heating a mantle. The outer fil 
of flame becomes shorter, thicker, and mo: 
globular, and as the products of combostic 
necessarily drift bacl(^paat the flame, th«w 
a certain recuperation of heat. 

The efficiency of various flames for givii 
light may be gathered from the f(fliiDriiii 
table of illuminating value per outnc foot < 
gas consunsed. The numbers are, of ooutb 
only approximate, but th^ give an hlMt < 
the temperatures to which the manUe is nk» 
The fact thaF in all cases the same cbemlo 
action is talflng place shows how mialaadhi 
the term * flame temperatnie * may be uala 
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the precise charart-er and use of the flame arc 
specified:— 

CandU'POiPfT pfr cubic fool 
Form of burner ronsumed 

Ordinary batKWlnn ii’5 

Argand •f2'> 

Wenlmin (rcgcncrHl i vc) h-5) 

UpriglJt. wilh iinuillr 2J>-40(/U!CordinKt«'i)r('8Kiiro) 

JiiV«rl<*d „ -0 "d ,< M 

The hotk'Ht flame that ia in practical use is 
that of the acetylene-oxygen hlowpipo. In 
this case, we have not only the lioat of oxidation 
of the carbon and hydrogen involved, but also 
the positive lieat of decompoHition of the mole- 
ciilo of a(rciyionc. Tht) aeetyhme-oxygen (lame 
can used for welding iron and also for per- , 
forating stwl. (I . Acbtyi-ene ; Oxvoen.) 

The chemical changes taking place in flames. 
Tn tlio foregoing jiart of this article, attention ; 
has been drawn to general nrinejjilos Mhicli are j 
apiilicable to tlameK as r wliolc, without jiarti- i 
eular regard to the detaih'd features of stnieturo j 
or the stagw of chemieal <lecom]) 08 ition. Hefore i 
discussing any tlanui in particular, we may , 
adduce one or twri further general consideni- j 
tions with regard to eljemical changes in flame, j 
It has been assunuMl. for the sak(' of Hiinpheity, j 
that in the flames of hydrogen and carbon | 
monoxide the chemical < hangc takes place in one j 
simple stop. When we eomo to other com- : 
bustibles, it is obvious that such assumptions 
may Ix) still U'sh warrant able. Jf, for example, 
wo are dealing with a combustible element 
which is capabli' of uflording two oxidw, we may 
liavo the oxidation in tiie flame taking place in 
two stages, each stage producing a distinctive ! 
feature in tlie llamo. Or, if wo have a com¬ 
bustible consisting of two t»r more oxidisable 
elomonts, the oxitlation might conceivably take 
place selctdively. Again, in a eompouiid com¬ 
bustible, it is jiOHSible t.hat the oxygen may, m 
the first instance, add it-self to the inoleeu^e of 
oombustible, producing a complex Hubstanec 
which is ultimately resolved. 1.4i8tly, it is 
possible that the heating efleet of tlie burning 
envelope in a flame may produce a purely ther¬ 
mal chemical effect on some of the enclosed 
unburnod gns. 

Only in a few cusns hiw tlie progressive 
combustion in flames lioen studied fully. In 
the case of a cyanogen-air flame, it has been 
shown (Smithells and Dent, Chom. Soc. Trans. 
1804, 65, 603) that the inner crimson film of tlie 
flame marks the combustion of the gas to carbon 
monoxide, whilst in the blue fringe of the flame 
the oxidation is completed by the combustion 
of the carbon monoxiae. 

The case of hydrocarbon flames is naturally 
the one of most interest. I’he earliest investiga¬ 
tions of the progress of combustion, made by , 
Hilgard, Lanaolt, and Blochmann, in Bunsen's 
laborato^, dealt with the flames of the complex 
oombustiblee, wax, regeti^blo oils, coal gas, and ' 
consequent^ the results were not very easy to 
interp^. In more recent times, the combus- i 
tion of single hydrocarbons has been carefully ' 
examined. 

The flame of a hydro^en-carbonsoompound, ! 
x Of a mlxtitte containing some quantity of I 
i^fidrooarbMis, shows three distinct parts when 
proposed in the ordinary way. H)f these, the ! 
most oonspiouous is the bright fellow patch | 
flKxm which the chief flux of light takee place. 


SeC'tWK' 
^trough X-y 


The lower part of the flame is surrounded by a 
bright-blue sheath or ‘calyx,’ which thine off 
ana ends wliere it overlaps the lower part of the 
yellow region. Jn addition fo this, the whole 
flame is surrounded by a coniplete mantle of 
dimly burning gas. T]i<' flame is hollow, that 
is U) say, it is 
fill(Kl with un- 

luiint g}i«, and 

even (lie bnght- 
ycllow region is // 

I an extremely thin 
f conical slieet, A 
i diagramnialic sec¬ 
tion of a nornta) 

; hydrocarbon flame 
IS given in Fig. 5 

Thcn'lativcde- 
I volf)])ment of the 
difTcrmit parts is, 
of course, difTercnt 
in different flames. 

It depends on 
many factors, the 
chief of which arc 
(he ricbiK«s of flic 
gas in carbon, the 
character of the 

orifice, and the rate at which the gaa issues, 
riif! flame of acetylene, suitably developed by 
allowing tlu* gas fo issue in such a way that 
it is spread out into a thin sheet, shows a 
very huge yellowish-wlute liiininous region, in 
tlio glait' of which the other jiarts of the flame 
are indistinguishable. On the other hand, 
an alcoliol flame exliibits scarcely any yellow 
luminosity. 

If we take the flame of a hydrocarbon 
burning m an ordinary Bunsen buraW with the 
air jxiris closed, and then graduaUy open the 
ports, we can see how the luminous name passes 
into the ‘ atmosphoric ’ ty|)e, and convince 
fuirsclves that the blue calyx and the mantle of 
the luminous llamo represent respectively the 
inner and outer cones of the Bunsen flamo. 
Turning a luminous flame low to the point 
where only a blue button of light remains at the 
humor tip, enables us to see a like transition. 

The changes exiiericiiced by hydrocarbons 
when burning in a Bunsen burner were investi¬ 
gated by Smithells and Jnglo by the use of the 
cone-separating apparatus already described 
(Chem. Soct Trans. 18U2, 61, 203), and the 
analyses of the intorconal gases (after cooling) 
showed in all cases that a partial combustion 
had taken place, leaving very little of the 
original hydrocarbon unoxidised. The products 
of partial oxidation wore carbon monoxide, 
carbon dioxide, hydrogen, and water vapour, 
accompanied, of course, by the nitrogen of the 
‘ primary ’ air supply. The following are some 
of the analytical results :— 

Gas employed. CH^ Coal gas 

COa . . 3-6 C-8 13-1 4*2 

H,0 . . 9-6 17-6 7-7 16-0 

CO . . 16*6 4-6 50 8-8 

Hydrocarbon 1'3 — 0*6 — 

H, . . 9*4 3-9 0*6 9-3 

N, . . 00*6 67-2 73*1 62*0 

These analyses refer to the cooled gases, bat 
experiments (unpublished), made by a modifiea- 
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tioti of Deville’s method to entmp and preserve 
tlm gases as they exist at the hign temperature^ 
have Qot givea aay ground for doubting that 
the figures given in 3ie table represent essen¬ 
tially the changes tliat occur in the inner cone. 
Independent experiments by Haber and Bichardt 
(Zeitsoh. anorg. Ohem. 1904, 38, 5) bear out this 
oonolusion. 

We may say, therofoie, that the inner cone 
of a Bimson fiame (and tlie corresponding blue 
calyx of a luminous fiame) marks the region of 
a partial oxidation in wliich no carbon, but 
some hydrogen, romaii^ unoxidisod. in the 
outer cone (and the corresponding mantle of a 
luminous flame), tiio carbon monoxide and hydro¬ 
gen coming from the inner cone (or calyx) find, 
and are burning with, the air necessary to com¬ 
plete their oxidation. 

The experimental results just described stood 
in direct oppcKsition to a view which, notwith¬ 
standing repeated contradictory evidence, liad 
prevailed for three-quarters of a century, namely, 
that in the combustion <»f a liytirocarbon with a 
deficiency of air, the hydrogen was preferentially . 
or selectively oxidised, and th<5 carbon set free. 
It might now bi' said that there is a preferential 
or selective coiubiwtion of the carbon. 'J'hc 
use of these expressions has, however, been 
objected to, and need not Imi insisted upon. 
The objection arises chictly from a considera¬ 
tion of the results obtained by a long and 
careful senes of studie.s made by W. A. Boms 
and his collaboiutoi's, on the progressive oxida¬ 
tion of hydroearbons from a tenqxTaturo of 
250® ujiwards. The results of those experi¬ 
ments are summarised in a Keport on Gaseous 
Combustion, drawn up by Professor lione fur 
the British Association {see B. A. Report, ; 
Sheffield, 1910), and in this report references 
to the original papers will be found. According 
to Bone, ‘ the attack of the oxygen upon the 
hydrocarbon may be supposed to involve a | 
seriee of successive nydroxylations,” the 
hydroxylated molecules either breaking down ' 
or undergoing further oxidation, according to 
their relative stabilities and affinities for oxygon , 
at the particular temperature.’ The following 
is the scheme for ethane :—- 

(a) Slow Combustion at 3U0®-400®. j 
CH,-CH,>»CH3-CH;0H-»C H3-CH(0H), 

Ethane. Ethyl alcoho). h, 0+CH', CH0->. i 
Acetaldehyde. ' 

t-H CHO->H COOH->CO(OH), I 
Form- Formic Carbonic i 

aldehyde. acid. acid. j 

CO-f-HjO C02”i"^a^| 
(0) Explosive Combustion. | 

0 1 2 i 

UH,CH ,OH -> C H, CH^H), 

( cu.-cho+h.o 

(C-i~2H2-j-COj 

• ®3cperimental basis of these schemes lies 

actual isolation of the various members I 
01 tae series of transition substances implicated, j 
op^ allows of only one farther reference to ; 
taee© mve8l»gations. Bone considers that one' 


I of the most signifioant features ‘ has been the 
I proof afforded of the relatively much greater 
I affinity of hydrocarboiK as compared wiHi that 
' of either hydrogen or carbon monoxide, for 
oxygen at the Ifigh temperature of flames.* 
Thus in the explosion of a mixture oorrespondiog 
to Oj there is practically no forma- 

, tion of steam. 

I Luminosity of hydrocarbon fiames. In tho 

j preceding paragraplis, tho chemistry of the com* 
i oustiou of hydrocarbons in the Bunsen flame and 
; in tho blue parts of luminous fiames has been 
I explained in its general features. It remains to 
^ oxjdain the devel<)})ment of tho yellow luminous 
region of hydrocarbon flames. As is well 
known, tho first explanation was given by 
Humphry l>avy, m 18i(), among many other 
observations upon flame still well worthy of 
attention. Davy attributed tho luminosity to 
tho dopcwitioii of solid charcoal, which he said 
‘ might be owing to a decomposition of a part 
of tho gas towarils tho interior of the flame 
whole tho air was in smallest quantity.* The 
amliiguity of this explanation and its supposed 
implication of a scfoctivo combustion of tho 
liydrogim, have already boon alluded to. Start* 
ing from this ‘ solid particle ’ explanation of tho 
light of a hydrocarbon flame, Davy was led to 
consider that all flames of high luminosity con¬ 
tained solid ])articles. Ho knew that the 
phosphoric oxide was goscified at tho tempera¬ 
ture of a phosphorus flame, yet lie believed that, 
in tho fiame itself, solid particles of the substance 
were produced, and wore conserved by the 
clastic force of the flame producing a kmd of 
comproHsion. 

Davy’s explanation remained unassailed 
until 1897, when E. Frankland made an im¬ 
portant series of researches on the luminosity 
of flames. He concluded : 

(1) That bright flames exist which do not 
contain solid particles. 

(2) That the luminosity of flames depends 
mamly on tho density of the substances oon- 
tainod in them. 

(3) 'rhatfeebly luminous fiames may bemads 
bright by compressing tho burning gases. 

(4) That the luminosity of ordinary hydro¬ 
carbon flames, such as that of coal gas, is not 
duo, in any important degree, to solid particles 
of carbon, but almost entirely to the glow of 
dense hydrocarbon vapours. 

Frankland attributed luminosity to the 
density of tho hot ga«ea in the flame, whether 
this density were duo to liigh molecular weight 
or to eomprosaion. So far as hydrocarbon 
flames are concerned, Frankland’s views were 
soon submitted to destructive criticism,.espooially 
by Heumann. 

A crucial exticrimont indicating the presence 
of solid particles in flame, first proposed by 
Sorot and subsefiueatly by Burch and by 
Stokes, consists in focussing the image the 
sun on to the flame and examining the scattered 
light with a Nicol prism. That applied to 
a hydrocarbon flame, gives a positive result, and 
the presencS of solid particles in such flames is 
no lon^r disputed. « . 

It IS true |hat the black soot deposited on 
cold objeoto jntroduced into luminous lijrdro- 
carbon fiames is by no means pure oarb<m, 
this \9 to be expected when we remembev^tliat 
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any condeiuiiblo hydrocarbon in the flame would 
be deposited along with porticloe of pure carbon» 
if BuoD were, in fact, preeout. 

It may now bo taken as agreed that the > 
luminosity of hydrocarbon flamee is due to the | 
separation of solid particles of carbon. The 
process by which the carbon becomes separated : 
m the flame has been the subject of much oxperi- | 
ment and discussion, is it involved directly in ' 
the oxidation that is taking place, or is it irieRdy 
a thormal offect—and in either case, what arc the 
stages of the procesH ? Jt is impossible here to i 
give more than a brief summary of Die views ! 
that have been held. In the first place, it may 
be said that the oht, sinijdo, and plausible 
explanation of a preferential oxidation of liydro- 
gen is untenable for reasons already given. In ! 
the next it may lie allirmed that, generaiJv 
speaking, hydrocarbons, suhjiTted lo a Ingli 
tiemperature, deposit solid carbon. It would 
appear, tluirefore, timt the separation of carixin . 
in a flame might adequaf-ely exjilaiiicd by f lic 
fact that the uubuitied hydrocarlmri witlnn the 
burning sheath of the flame is highly iu^atod by 
the burning parts. Tlie fact that when the heat 
is tupped for the burning sheath by a ring of cold 
wire, the flame kwes luminosity, is oiu? among 
several indications that Dio deposition of carbon 
is a secondary and a thermal effect of f lic com¬ 
bustion. At the same tunc, the experiments of 
Bono would lead as to he cautious in denying 
that in some cases t he cliemical processes might 
contribute lo Iho separation of carbon. i 

raking it for granted that the doconiposition 
of the hydrocarbon is purely thermal, we may 
next consider Die stagi's that are passed through 
This raises the whole question of Die thermal 
dooomposition of hydrocarbons, a subject of 
great experimental difficulty, on which ivally 
satisfactory results liave only been ohfaiiied , 
over a em^l range of substances {see Bono and ' 
Coward, Chora. Woe. Trans. 11K)8,118, 111)7). 

The view that etJiylene, on heating, undergoes 
the simple change 02 H 4 —C-I-OH 4 , which long 
served to explain the luminosity of flames, is no 
longer tenable. The doctrine of Berthelot, 
according to which the molecukis of hydro¬ 
carbons, on heating, undergo progressive 
ooalesoenco with elimination of hydrogen until 
in the end a molecule is left containing a negli- 

? ible proportion of hydrogen, is likewise con- 
radicted by modern experiments, Tlie hypo- . 
thesis of V. B. Lewes (Proc. Hoy. Soc. 1895, 
67. 460), that the formation of acetylene and its 
subsequent decomposition are the essential cause 
of luminosity in hydrocarbon flames, is regarded 
by those who have oonc'omed themselves with 
the subjeot as based on wholly insuUicieDt 
evidence. 

Bone and Coward have been led to the con¬ 
clusion that the thermal decomposiDon of 
hydrooarbons is too comjplex a phenomenon to 
be represented by ordimu'y chemical equations. 
Beali^ with methane, ethane, ethylene, and 
aoetyiene, they observe first of all that whiUt 
at a l^fb tem]^ature methane, the most stable 
of tlM) hydiwarhom, is resolved directly into 
oaibft And hydrogen, this only takes place in 
Sonlwt with s^d surfaces, whilst with tne three 
other gases decomposition takes %lace through* 
out their bulk. '■ 

Tb^ Bi^: * In the oases of ethane and 


ethylene, it may be supposed that the primary 
effect of high temperature is to cause an elimina* 
tion of hydrogen with a simultaneot^ loosing 
or dissolution of the bond between the carbon 
atoms, giving rise to (in tho event of diraolution) 
residues such as i OH 2 and • CH. These residues, 
which can only liavo a very fi^itive separate 
existence, may suhsequently cither (a) form 
HjCiCHjj and H(Ji Cll, as the result of encounters 
with other eiiiiilar residues, or (6) break down 
directly into carbon and hydrogen, or (c) be 
directly “ hydrogenised ” to methane in an 
atmosphere already ricli in hydrogen. These 
thi'ee possibilities may all bo realised siraul- 
tanoously in the same decomposing gas in 
proportions dojiendent on tho temperaturp, 
pressure, and amount of liydrogen present. The 
whole jiroceas may be rejircsented Tby the follow¬ 
ing scheme, tho dotted line indicating the 
tendency to dissolve Die Ixuul between the 
carbon atoms which becomes actually olfoctivo 
at higher temperatures :— 

\{a) 

H'q-(;'H=|2(:(:H.) I il,|-= (i) 2C+2H,-tH,. 

1(c) pks H 2 -= 2 CH 4 . 

Bthaiie. 

HH |((i) CjH.+Hj. 

=[2(:<;H) I 2C;+H,+H,. 

(c) p/im2H2=2CH4. 


HfhCH 

Ethylene, 

‘ In the case of acetylene, tho main primary 
change may be eitlier one of polymerisation or 
of dissolution, according to the Umiperaturo, and, 
if th(5 latter, it may be supposed tnut the mole¬ 
cule breaks down across the triple bond between 
tho carbon atoms, giving rise to 2{ :(5H), and that 
Diosc residues lu-e subsoquontly either resolved 
into carbon and hydrogen or “hydrogenised,” 
according to cireumstanoes, thus ; 

lie ■0H=2(: ^■^^2HC4. 

Y 

rolyiuerlsutlon. 

‘ incidentally, it may be observed that the 
rates of deoom{>osition of these hydrocarbons 
are very much slower than their rates of com¬ 
bustion, and that therefore in the propagation 
of a flame through a homogeneous mixture of a 
hydrocarbon and oxygon, oxidation will probably 
take precedence of all other chemical phmio- 
mena.^ 

The chemistry of a hydrocarbon flame has 
now been given as completely as pr^nt know¬ 
ledge and Die limits of space allow. 

The art of getting the maximum of light from 
a hydrocarbon solely by its own combustion may 
be deduced and stated briefly as follows: The 
gas must be so burned as to liberate wiDiin 
the burning wails of its flame the maximum 
amount of solid carbon that osm be heated to 
a high temperature and be wholly oxidised as 
well. Spreading out the gas stream inoreases 
. tho relative proportion 01 hot non-luminous 
burning vmlls, and diminishes the central cone 
: of unbumed gas from which the solid oartxm 
has to be derived. It is on the right adjustment 
of these two elements of a flaffie for the partaovlar 
, gas in use, that the oonstruotion of a mitabie 
' Dumer de^ds, and it is obvious that the bsffft 
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roftnH can only be maiatained when the com- 
poeitio& of tibia gas and air, the nrassuie, and 
taa^Moature are Kept oonste^t. Of course, the 
question is complicated when we introduce the 
laoton of chimno^;^ and heat-regenerating 
dsTicee. 

It may be convenient here to revert to the 
question of obtaining the highest temperature 
nom the combustion of a fixed amount of a 
hydrocarbon. Fig. 6 is reproduced from 



Feo. 6. 

photographs of five gas-flames, where the rate 
of gas flow was constant. In the first flame, a, we 
have the gas burning (with some smoke) without 
any ‘ primary ’ air'; in the second, wo have just 
sumcient primary air to cause delumination; 
in the third, we have os much air as possible 
without producing instability ; in the fourth, a 
M6ker burner is used ; in the fifth, we have the 
gas mixed, before issuing from the burner, with 
enough carbon dioxide to produce delumination. 
8peaung of each flame as a whole, wo may say 
that the hotness is greater in proportion as the 
surface is lees. In tno carbon moxido-fed flame, 
neutral molecules of that gaa are wedged in 
between those of the combustible gas, and the 
mixture has to wander far before it gets mixed 
wiUi enough oxygen to sustain *combu8tion. 
When it acquires this oxygon, there is round 
each burning molecule not only the inert 
nitre^en of the air but the e<^uaUy inert carbon 
dioxide. The flame is a thin, smgle, hollow sheet, 
and the temperature is quite insufliciont to 
decompose any of the hydrocarbons within. 
It has the non-luminous appearance of a Bunsen 
flame, but it is, of course, amolutely the opposite 
of that in its genesis, for it represents d^ayed 
and dilated instead of quickened and conoen- 
toated combustion. 

The limits of space have rendered necessary 
the omitKion of many matters relating to the 
chemistry and physics of flame. The exact 
modular and sub-molecular mechanism by 
which the luminosity of wholly gaseous flames 
is regulated, is a subject of great interest. It is 

' unsteadtiMBS erf this lame makes it appear 
too lame In a photocrapb. 


now generally believed to be associated witii 
electronic transaotions. Some discussion of tiis 
subject is to be found in toe British iasodation^ 
Report, Leicester, 1907 (Smithells’ address to 
Section B). A. Su. 

FLASH LIGHTS. A term usually applied to 
combustible mixtures which bum with a brilliant 
light and more or less instantaneous flash, and 
which are employed specially for pbot(^aphiG 
]>urpose6. Slower-burning mixtures, which tdao 
yield a briglit light on combustion, such os are 
used for signalling pur{)Oscs. are known as flares 
{sec Bkngalt.iqhts; Indianfirb; PynoTBCiiNY). 

For pliotographic purooses, it is essential 
that the flash light should be (1) sufifioiently 
brilliant, (2) of the desired rapidity, and (3) 
specially rich in actinic light. Of all the known 
available materials which, on combustion, yield 
a bright ami highly actinic light, tho metal 
raagnosium stands pre-eminent; and the 
earliest and simplest methods of employing this 
bubstauce consisted in jirojecting a definite 
quantity of the finely powdered metal into tho 
flame of a spirit lamp. 

Various contrivances have been devised for 
this purpose : one simple plan is to place the 
charge of inagnosium powuor in the bowl of a 
clay tobacco jnpe to the mouthpiece of which is 
utt^hed a rubber ball. A loose plug of tow or 
cotton wool, wotted witli methylated spirit, is 
then lightly inserted into tho mouth of the bowl: 
the spirit is ignited and, on suddenly squeering 
tlio ball, the magnesium is thrown into the flame. 

Tho next development consists in mixing 
tho powdered magnesium with some highly 
oxygenated salt, such as potassium chlorate, in 
such proportion that tho mixture, when placed 
in a small heap upon a metal tray, could be 
i ignited by a match or taper, and would bum 
with much the same rapidity as a similar small 
’ heap of gunpowder. The danger inherent in 
such mixtures was found to be greatly reduced 
by substituting barium chlorate for the potas¬ 
sium salt: and more recently, since potassium 
; perchlorato has become a common commercial 
article, this compound is more usually employed 
in preference to tho chlorates. 

Mixtures of magnesium with certain nitrates 
i of the 80 -caIIed rare earths have been made the 
subject of patents. One such consists of: 

' Magnesium powder 10 parte 

Thorium nitrate 10 „ 

and a rather less quick mixture contains : 
Magnesium powder 10 parte 
Zirconium nitrate 5 „ 

One of the chief drawbacks to magnesium 
flash powders is tho volume of white smoke ol 
magnesium oxide which is produced on their 
! combustion, and many efforts have been made 
; to obviate this nuisance. Some of these are 
; purdy mechanical cogtrivances for wlthi^wing 
‘ the smoke, but others are attempts to produce 
mixtures which shall emit little or no smoke. 

The two following mixtures claim to yidkl 
! smokeless mf^ncelum flash powders:— 

(1) Poi^Hered magnesium, barium jteroxide, 

‘ and collodion. The chaige of powdw iS l^owi^ 
i by means of a pneumatic pump mto a tmall tetel 
1 onKuble boatoa by a Bunsen burner. 

[ (2) 1 purFof magnesium powder mixed iHItil 

i I of either siliric aold ('infueorial 
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barium sulphate, anhydrous calcium sulphate, 
anhydrous magnosium sulphate (* kieserite or 
boric acid. 

It is furfch(*r (dainiod for this mixture that if 
loaded into a cylindrical case with a constricted 
opening, a non-in-stantaneous or ‘ time ’ flash , 
may be obtaincfl. 

At the j»reKcnt time, since the pyroteelinic 
swsibiljties of finely powd('re<l aUinunium have 
)ecoin<* linf)wn. in most flash powrlers the 
inagiHwiuin is nsrially more or less replaced hy 
aluminium, in Kc»mo eases oven wholly re¬ 
placed ; one such mixtun^ consists of; 

Aluminium powder . in jiarts 
Potassium perchloiato . (>(> 

It is usual, however, to retain soiik' of the , 
magnesium in onler to (Misiirf^ tlio neeiwsarv ingli 
actinic quality of tlie light einitte<l. 'J’hus a 
typical inixtur<‘ eonsjsts of: 


Powdered magnesium . IPO jHirts 

Powdonsl aluminium . 50 

Petrie oxide . . 50 

(-oppor carhormt<‘ . . 50 


Magno.sium siiljdiaO^ (dry) .5 

The following mi.xturos claim to ho non- 
explosiv<“ and almost Mniokcless :— 

(1) INtwdered magnesium and aluminium 
(the tjuantity of aluminium usually varving 
from \ to I the umonnt of magnesium), mixed 
witli J)ero^id(^s of ealciuni, magnesium, or 
iiiangaueso. 

(2) J'owilereil magnesium and aluminium 
mixed with perboric aeid or tungstic jwnd or 
thoir salts. 

(3) Powdered magiiosium and aluminium, 
with Hitlphale of eennm or thorium, or an alum. 
For example; 

Powdered magnesium . . .8 parts 

Powdered ahnniriiiim . . . 2 „ 

Finely powdertid, dry chrome alum 10 „ 

Many mixtunw <*ontairiing aluminium as an i 
ingredient are ix'ndered more rapid in their 
eombu-stion by the addition of silica, while their 
raf-o of combustion may bo retarded by the 
introduction of regulated quantities of ear- ; 
bonat -08 of alkalis or alkaline oarth.s or oxides of 
the latter. Thus the above mixture may be 
converted into a slow-burning ‘ time ’ mixtriire 
by the addition of 2 parts of an alkaline earth 
oxide or carbonate. 


j for the intormittont feeding of metallic magne* 
! sium against the two metal termini of an 
! electric circuit. G. S. Nv 

I FLAVAKILINE v. Quinoline. 

FLAVANTHRENE An anthra- 

ceno dyestuff discovered by R. Bohn of the 
Badischo Anilin- und Sodafabrik, by melting 
/9-aminoanthraquinone with caustic potash. 
Has a large application for unmordantod 
vegetable fibres, wliK^h assume a deep-blue colour 
in thn i-odueed vat, changing after a few minutes’ 
exposuixi in the air to a jiormanent yollow. The 
colour is very fast, except when subjected to 
powerful rays of simligiit, which cause it to 
assume a tomjiorary green shade. 

Pixqiarcd te.clinieally from 2-aminoauthra' 
quiiioue and p()taM.sium Jiydroxido at 350® (D. R. 
P. 133080); with aluminium chloride (T>. R. P. 
130015); with antimony pentachlorido in boiling 
nitrolicnzono (1). R. Pi 138110); by oxidising 
with lihromie acid or other acid oxidising agents 
(I). K. PP. I59C53 and 141355); in the last- 
named ease, it is accompanied by indanthrene, 
to which it is closely related (?’. Indantiibenb). 

Flavanthrene is a weak base, 8])aringly 
soluble in bigli-boiling solvents, and very 
stable towards heat; it exists in glistening, 
brown-yellow needles. It is applied to the fibre 
after reduction with alkaline hyposulphites, 
forming a deop-blue vat (1). R. PP. 139034, 
139855, 140573, 142903). 

The constitution of fiavanthmio has been 
! dotennined by R. Scholl and his co-workors 
(Bor. 11M)7, 40, 1091) in the following manner :— 

l-amino-2-nicthylanthraquinono vas con¬ 
verted by the diazo- reaction *into l-iodo-2- 
mothylanihraquinono C^HpOal, which passes 
bv means of Ullmaiurs copper method (Aunalcn, 
1904, 332, 38) at 270® into 2:2'-dimcthyl- 
1-dianthraquinonyI {!.). This substance has 
also been prepared from the diazonium sulphate 
of the mctliylanthraquinone by means of copper 
powder and acetic anhydride (Knocvenagol, 
Bor. 28, 2048), and, when oxidised with chromic 
acid, yields the corresponding dicarboxylio acid 
The acid-amide derivative was 
readily obtained from this in the ordinary way*, 
and the application of Hofmann’s reaction with 
bromine and potash converts it into the amino 
(11.) and a stage further into flavanthrene (HI.). 
00 CO 


Flash powders are now frequently loaded 
into small cases or (‘artridgos; ignition of the 
mixture being effeckHl sometimes by an eb'ctric 
arrangement and sometimes by means of.an 
inserted strip of magnesium ribbon, in the 
former cose, the two oiootric wires are fixed into 
the cartridge, with cither a short spark-gap or 
joined by a fine incandosi'ing wire. 

One of the many natente<l cartridges has a 
cose which is iteelf inflammable. It consists of 
a short celluloid cylinderAilosed at the bottom 
with a cork saturated with collodion, and at the 
top with a disc of cork saturated with an 
emulsion of m^neeium. Through this, there is 
inserted a short strip of magnes^im ribbon 
whi<^ on ignition, oomnumicatos its combustion 
to the ehaige. 

A numlwr (ff oiAtrivanoee have been devised I 
tot produoing a rapid suoooesion qf flash lights 
for puiposee of ^etnatograph photography.; 
These consist eesentially as meohanical devices 
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Fiavantiireno must therefore have the | 
annexed constitution III., and in obtaining it i 
from 2-ammoanthraquinono in the process of i 
manufacture, tfro molecules must unito with j 
loss of two molecules of water and two atoms of | 
hydrogen, according to the scheme : i 


= + f Ha ! 

I’lavanthrom*. 

'Nil* ! 

The immediale precursor of flaviint.liroiio. 

2 : 2''-diamjno-l : I'-diantbrjuiunionyl may bo 
prepared by boiling 1 -cliloro-2- Ixuizvlideiic- 
aminoanthraquinoiie with copjier powder and 
naphthalene, extracting the ii-2'-diDonzylidenc- 
amino-l : r-dianthraquiiionyl so formed with 
cold alcohol, and leaving the solution for some 
time, when the bonzylulene residues are spon¬ 
taneously elinimatetl and the desired comjiound 
cr^tallises. It forms niicroscopio red ni^cdles, 
and changes into flavanthreno at 250'' (Scholl 
and Dischendorfer, Ber. 1918, 51, 452; (Ihom. wat(?r at dissolves in alcohol to a bluish 

Soc. Abstr. 19)s. JlOH), red solution with a brilliant scarlet huorosoonoo. 

As the application of this dyeat.ufl to the It forms lluoicscent solutions in alcoholic alkalis 
tibro <le|)ends upfin its behaviour towanls re- and eon<-eiitnited acids, <lyeing unmordanted 
ducing agents m tlio vat. just as in the analogous wool in t-he alkaline bath red, wdiich chaijgea to 
case of mdigo, ean^ful investigations have been greenish blue with acids and violet on washing 
earned out by H. Selioll an<l his assistants (Bor. with water. Prolonged lieating of the hydrate 
1008. 41, 2304), under a variety of conditions, of (/) wit h zme-dust m alkaline solution converts 
which show that the reduction jiroduets of it into tlie hydrab-i of (j;), whilst the anhydrous 
flavanthreno consist of some sevi^ri definite eofnpoiind itself, (/), isfurtherdohydrated at300® 
compounds : ' in carbon dioxide, witli formation of anhydrous 

(«) Dihi/droJIamnthrcnc hydrate, obtained flavanthrinol {(/). By moans of a current of air, 
by redm-ing flavanthreno with alkaline sodium an alkaline solution of (/) readily passes into 
liyiiosulphito m an atmosphere of hydrogen. ! flavanthrene. 

On cooling, bronze-coloured needles of the di- Flavanthrinol {(j) may bo obtained from its 
sodium salt of this hydrate crystallise out, and hydrate by heating to 100®, and forms rod solu- 
by acidifying with acetic acid, the free diliydro- tions with an olivo-grocu fluorescence in con- 
flavanthreno hydrate is isolated as bluish-green eentrated acids, and dyos unmordanted wool 
copjKJry crystals, wliioh i-cinain stable at the violcitrcd, becoming green with acids and blue 
ordinary temperature, but rcaxlily oxidise to witli water. Flavanthrinol requires to be heated 
flavanthreno at 100® or when moist. in air or oxidised with ferricyaiiido before it will 

(6) DihydroJlumnthreTic is obtained from ; y'eld the original flavanthrene. 
the above by dehydration at 150'’-170® in a Another method of obtaining flavanthrene, 
stream of carbon dioxide ; it consists of a green though only in small yields, is described beh)W 
powder which is more stable than the hydrate. ' (Scholl, Ber. 1910,43,1734). Biantbraquinonyl, 
It may also be prepared by reducing flavan- ; on nitration, forms a mixture of dinitro deriva- 
threne with hydriodic aeid and red phosphorus tivos, whicli by reduction with sodium sulphide 
at 125°. Although flavanthrene itself is only a give flavanthrene. By warming with sodium 
weak base, this dihydro derivative readily hyposulphite, a rod solution is obtained, colouring 
forms salts with mineral acids; dihydro- unmordantod cotton light-blue in the bath, 
flavanthrene hydrochloride probably contains which changes in the air to flavanthrene yeliow. 
the acid united to a N- atom. The o-benzoyl When flavanthreno is digested for 8 houm 
derivative melts at 220°. witli a nitrating mixture, a yellow powder 

(c) a-T(lrahydrofiavanthrene hydrrUe is iso- separatee, C28H80joN(, which appears to he 

lated in the form of its sodium salt wbon dinitrodinitrosodlhyclroxyflavanthrene. This 
flavanthrene is reduced with zinc-dust and is reduced by ammonia and ammonium sulphide 
caustic soda. On acidifying, (a) and (/) are to tctra-aminodihydroxyflavanthrene, which* 
formed. on wanning with alkaline hyposulphite, yields a 

(d) Flamntkrine hydrate, prepared by re- dark-blue vat, dyeing cotton a bloe-bl^k, whioh 
ducing flavanthrene with hydriodic acid and red ; turns green with hydrochloric add, owhig 
phosphorus at 210°, is a greenish-brown powder, i probably to the formation of a hydrochloride 
losi^ water at 240° with fonnation of flavan- and again oewumes a blue-blaok colour ^ 
thnne, which consists of laige brown needles washing with water, owing, no doubt, to dis- 
with a metallic lustre, m.p. 39°. It is readily sociation flBer. 1910, 43, 1748). 

oxidised to flavanthrene. FtAVASPIDIC ACID v. Fiux mas. « 

(e) a-hexahydro^vanthrene, and (ff) Fla- FLAVACRIM. A yeUowi^-ted powto con- 

vanihrinol, are both formed by energetic reduc- sisting of either the ammonium or sodium salt 
tion of flavanthrene with zinc-dust and caustic of dmtropflenoUulpbonio acid, and obtained 
soda. i by boiling mononitrophendorHio* or 




(/) IS a stable bhio-bliu;k powder which loses 
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pKonic »oid with dilute nitric acid (Leipzigor, ( which c^talliBca in glistening le^te, m-p. 
Anilinfftbr. Bejer und KoacI, 1). R. P. 27271, 1 183°-184° These reactions suggest the prcemoe 

Juno 8 , 1883, expired Oi tober, 1886), 

. 1 *_ 1 . « • 


Flavfturin 

disftoIvoB rottclily ’in water, forminff a yellow solu¬ 
tion, and wae introduced as a yellow dye for silk 
and wool. 

FLAVELLAGIC ACID v Ellaok; acid. 

FLAVENOL v. Qum(UJNK. 

FLAVEOSINE v. Ackioinjs dyestuffs. 

FLAVINE V. (^UKHCITKON BAIIK. 

FLAVOGALLOL. When iiallie acid in sul¬ 
phuric acid solution is lreate(i with awmc aciti 
and the mixture heatiMj at 110 ''-J 20 ” for 6 
hours, a mixture containing flavellagic and 
eoorulcoellagic acids is mainly produced, tlioiigli 
when the oxidation is enmed out m the jirescnce 
of 80 p.c. Bul])lmrlc ncitl flai'ogallol is 

obtained. 'PhiH consists of liair-liko yellow 
needles, Rparingly sohdile in the usual solvcnl-s, 
soluble in sodium hydroxule solutirui with an 
orange-yellow colour. With Hulphuric acid it. 
yields the anhyilrosKlphulc 
orange-yellow luisms, whereas tlu' (rtpalru'^.'-nnii. 
salt (IjjHjOjjKa, prepared with alcoholic 
potassium acetaU* forms an orange-coloured 


in fiavogallol of an ellagic acid nucleus, and as 
a result Bleulcr and Perkin (Chom. Soc. Trans. 
1916, 109, 543) have tentatively suggested the 
formula— 

OH Q OH 

for this colouring matter. In (iaae this should 
prove correct flavogallonie acid (I), flavogallone 
( 2 ), and the dicarhoxylic acid obtained by 
UKsthylation, in.p. 20<)“-208'' (3), will pewsess 
the following constitutions :— 

OH ,, OH 


(1) j{()/ 


lOOH iJO( 




crystalline jiowder. 

Acelyljkivogalloi 
prismatic needles, 
278‘’-i8(t‘', and the 
pound (' 2 iH„{)i 2 f(^Hr, 0 )g, 
326^-328^ With boiling 


^small 
melts au<l decomposes at, 
■orresponding hfiizoijl corn- 
yellow jirisms, at 
aniline llavogallol 


ip'l } 


-- 

oil 

i 


. 0- 


(H) 


Cr 

V<-'W 


,/ 


(3) iMco/^OMo Me< 


(X> 

(»Mc 


(IJI 


yields the (^iH 70 ,,'NIl which 

crystallises in ^cIIdw noc'dles, melting above 
345°. In the paste form flavogallol readily 
dyo-s mordanted fabnes, and employing woollen 
eioth the following hIuhIcs are produced :— 
Chroinifnn. ('oppo. Tin. Iron. 

Dull o!iv(‘- Pale Talc orange- Brownish 
yellow. brown. yellow. black. 

When acetyl flavogallol is hydrolysed by 
the acetic etlior method, ethyl jlavogallonute 
f'as^^u^ia' I’^de yellow needles, is produced, 
and in a similar manner by the employment of 
methyl alcohol in this j)rocc«a methyl Jlaw- 
Qidlonaie (' 22 ^la^^•l obtained. By gentle 
treatment with strong potassium hydroxide ^ 
solution tiavogallol gives jUivoguVonic acid 
Ca|H,pOij, ncTOles, which melt above 300°, 
and this when acotylalcd is reconverted into 
acetyl flavogallol. 

The more energetic ae.tion of potassium 
hydroxide solution gives flavogallone (J^oHioOh, 
minute needles, and this yields the acetyl 
coniiKinnd 08 |H 24 (),g, leaflets, m.p. 257°-259°. 

when flavt^ailol is methylot^ with alkali 
and methyl sulphate and the product is digested 
with 6 p.o. potassium hydroxide, two apparently 
isomerio acids (Jg,H 4 dt(OMe),o, (o) colourless 
prisim, m.p. 206‘'-208" and ( 6 ) m.p. 238°- 240°, 
are obtained, and these both appear to be pro¬ 
duced by the addition of three molecules of 
water to flavogallol and a^ubsequent methyla- 
tion of ten hydroxyl groups. These are di- 
carboxylio acids, and when esterifled give the 
dimethyl ethens of the formula 

CgfHjjOiifOOiMo), a 

fp) nwdting at 128°-130°, and ( 6 ) at 86°-87°. 

The aoid, m,p. 206°-208°, when digested 
with abohoiic potash at 175° loses'one methoxy 
group with formation of a new aoid 


MoUk^ 


OMo COO 11 


OMo 

Of^OAle 


CO 




■OMe 
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FLAVOLINE V. QniNOLlNK. 

FLAVONE, ilio mother substaaec of a large 
and very important group of natural colouring 
matters, 

O X 


C—( 

II 

OH 




' CO 


has l>een synthesised by the following methods : 

(a) Acety 1-o-liydroxy bonzylidcneacetophonone 
( 1 ) yields the dibromide ( 2 ) (Feuerstein and v. 
Kostanocki, Ber. 1898, 30, 1757)— 


( 1 ) 


( 2 ) 


-0—COCHj 
-CO—CU=CH0«Hfi 


/^O—CO(m, 
CHBr—1 




and tlio.latter, on treatment with alcoholic 
potash, 18 converted into fiavone, according to 
the following scheme :— 

. OiHBriC-H —CjHb 
/ \ .I ; ’ 


'CU—HC—,Br 


/\/ 


\/ 


O 


V-C.H, 


CH 

10 -^ 


+2HBr 


(i>) Aswn (v. KoaUoeoki M>d Tambov BmL 
1900,3S, 330), eth;l-o.e^z;t«nzo»te and »c«to. 
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»t» 


ph^none, in the praeence of sodium, give o- 
ethoiybenxoylaoetophenone— 


0 -O—Et 
-CO—OKt 


+OH,-CO—' 


<: 


■\ 


/^o—Et 

CO—l.Hj- 


>+EtOH 


This compound, when djge-sted with boiling 
hydriodic acid, givtw flavonc— 


r,- 

-OH v»-0 


_(■()— (’Hg 

/ 

-O H KOt'- <^ )> 

j 

- I'U CH 

/ 

t) 

‘’K 

\—/ 1 n,() 

■ ~ 

(Ul 


• I'D 

(c) l>i’thohydii>xyi»''etopli<‘nouo (h'rivutivcH 
can be comlenscil with aromatic aldehydes witii 
production of llavanone>j (diliydrofluvom's)— 

/\-0H 

/\ 


+ cohI^ 


I I 


V“-<_ 


CH., 


CO- 




r-o 

CHBr 


+KOH 


00^ 


;-o 

VH 


\ KBr+lLO 




(v. Koatanecki, Levi, and Tambor, Ber. 1899 
32, 32G). 

id) Ruhemann (Her. 1913, 36. 2188) ha« 
employed for the synthcHis of flavone the esters 
of ^-hydroxyaryl cinnamic acids. These may be 
prepared by the interaction of phenyl propiolic 
acid esters with sodium phenolates— 

: C-COOEt+NaO*C,H, 

: CNa-COOEt 

These ostm am readify taransformed into the 
free acids, tike chlorides <A which by means of 


aluminium chloride give the correspcmdiag 
davones. Thus jB-phenoxy oinnamlo acid m this 
gives flavone— 

C,H.^ CC.H, / frO.H. 

,1 “ C'jH, II 

i \ OH 

HOUO—OH 

and substituted flavoiies can bo readily pro* 
pared by the cmiploymont of cinnamic acids 
i contaming other liydroxyaryl nuclei. Phenyl 
' thiocinuamic attid from thiophouol and phenyl 
' propiohc acid ethyl ester 
, : CH'COOH 

i in this manner yields thioflavone — 

: S 

c«H4 oh 

^co/ 

.1 compDimd winch cryKtallises in yellow noodles 
and closfily rcHeinbles flavone. 

In case the fl-hydrozyaryl ciimamic acids are 
here roplac(»l liy the corresponding derivatives 
of fumario acid, beu/.o- 7 -pyrono (c/trotaone), 
carboxylic atudn are j>rodiiced which readily 
evolve carbonic acid gas with formation of 
chroinone. Thus fl-phcuoxy*fumaric acid 
COOH-qOOella) : OH-COOH 
gives ben/.o-y-pyrono (chromono) carboxylic 
. acid ‘— 

. O 

CH 


(J—COOH 


On treatment with bromine bromflavonone in 
produced— 

1 >-o 

(IHlir 

'' co/ 

and this by means of alkalis splits off hydro- 
bromic acid and is converted into the flavone— 

. O , 


v/ 


00'^ 


’ Thuugli cliruiuoiie itself was first obtained by 
Itiihemunn and Htapletou (^c. cit.), ebromone deriva* 
t Ives had been prepared slightly earlier by v. Kostaueoki 
(Her. 1900. 1U98). who employed for this purpose 
methods similar to those he had found seridceable for 
t he synthesis of llavonu cumpoiiiids. Thus the diketone 
( 1 ), (compare method (c) above) obtained by the inter¬ 
action ui o-rnethuxy*benzoic aci<l methyl ester, and 
acetone on treatment with hydriodic acid, gives fl* 
methyi-chromoiio (2)— 


(1) 




OCII. 00 CH, 


/O 


(2) C.H* 


V-OH, 


00/ 


Again, according to v. Kostanockl, Paul, and Tambor, 
the dlkotone (1) prepared from resaoetopbenone memo- 
ethyl ether and ethyl oxalate, on treatmeut with alco¬ 
holic hydrochloric acid gives 3 ethoxychromone eai- 
boxylio acid (2>— 

OH OO COOEt 

.(2) II 

i CH 

This when melted gives 8 ethoxychronume (8), and by 
means of ly^drtodio acid can be converted into 8 by- 
droxychromme (4V— 


(8) 


EtOi 


/\/ 


OH 


i l» OH 
X/Noo/ 
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(€) Simonis (Bor. 19li, 47, 2229), again, has 
described another method for the synthesis of 
davone. Whereas Pochmann and Buisberg 
found that pftenoln could ho condonHed by means 
of sulphuric acid with the CHtcra of ^-kotonio 
acids, to form a-pyrono (couinarin) derivatives, 
according to tlio following equation which 
illuHtrat<!iH the preparation of mothyl-coumarm 
from phenol and acctoacctic ether, 
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The products of the hydrolysis of naturally 
occurring havone colouring matters have in 
the past been mainly instrumental in deter¬ 
mining their constitution. 

Air natural hydroxyilavonos which have at 
present been carefully examined dye aluminium 
mordanted fabrics a yeliow shade, the intensity 
of which is deporidciit upon the position of 
their hydroxyl groups. 

Thus clirysin-1: ll-dihydro.\yllavono 
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by emjiloyiiig )ihoHphorus peiitiixido as the 
condensing agent the reaction takes unotluM' 
course. 'I'hus phenol hiuI mcihvlaceto-acot'ie 
ether in this way gives diuictlivt-chromone 
(I’ctschck and Simnins. licr. Illl:!, •Ill, 2014) — 
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whc.reu.s hcii/.uyl-acclie ctlicr and phenol (if/ij. 
11114, 40, 22112) give ilavoiie 
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For the propumtion of chloroflavones, srp Kuhe- 
maim(Bor. 1921, 54, 912), and aminotlavones, gee 
BogortaDdMurcus(J. Amor. Chom. Soc. 191th 41, 
83). Flayime crystalliHes from ligrom in colourless 
ne^os, m.p. 97", and is readily Kolublo in the 
usual organic solvcnta. Itssolution insulphuric 
acid ia yellow and poastrssos a weak blue fluor- 
oeconoo. 

By the Hct-ionof alkalis, llavonc and liydroxy- 
flavonos suffer hydrolysis according to the 
following Bchemo:— 

The first product of the reaction owing to 
the disruption of the pyronc ring is the 3- 
dikotono (2j— 

,-^\-OH HO—0—O.ll. 
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and apigonin-1 ; '1 : 4'-tnliyd?’oxy tiavono possess 
but fooblo dyeing pioperty.^ whereas luteolin* 
J : 3 : .*F : 4'-tctrahydr()xy flavoue is a strong 
colouring inattcT. Though Licbermann and 
V. Kostanecki’s rule is in this instance but 
partially a})plicablc, it is iivident that the 
dyeing property in the tiavono group is only 
fully developed when at Ica.st two hydroxyls 
in the ortho- position to one another are present, 
Th(To is every mison to anticipate also that a 
3 :4-dihydro.\y-flavonc would, like lutcOiin, 
possess well-marked dyeing properties. Of tho 
infliMnioc, howovi^r, of such a grouping in tho 
positions 2' : 3' : 2 : 3 and I : 2, information ia at 
present lacking, as compounds possessing theso 
characteristics have as yet to bo discovered. 

According to the quinonoid theory, it has 
been siiggiwtiMl that the flavono colouring 
matters, at least in thc!! form of their lakes, may 
possoas a paraquinonoid structure, which in tho 
CSLSO iii luteolin may be roprosented thus— 
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and this change may bo regarded as the reverse 
of its synthesis according to method (6). The 
ketone then suffers further hydrolysis as shown 
by the dotted linos («) into ai^ctiipheiione and 
salicylic acid— 

g-OH 

JC,H4<^^^^+CH3*C0‘C.H^ 

f3t fh) 0 -hydroxy acetophenone and benzoic 
acid— 
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and such a formula has been applied by Perkin 
{Chem. Soc. Trans. 75, 433) to the monoaikali 
and oxonium salts of these compounds. It 
has been pointed out by Watson (Chem. Soc. 
'Frans. 1914,. 105, 750) that dyes which are 
quinonoid in all possible tautomeric forms exhibit 
a deep colour, tho opposite being generally the 
case with those which cannot be ^presented iu 
this way. Numerous instances are cited to 
illustrate tliis point, for which the paper iteelf 
should be consulted, but an examination of the 
formula of luteolin and alizarin wiU render 
sufficiently clear the theory of this author-— 
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' The shades gives by these and other feeble coloar* 
i log matter of a similar type can be more satlslaotorily 
1 observed by emidoylog mordanted wo<d rathor than 
mordanted calico. 
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Luteoiin, the only 0avono oolouiing matter 
posaesaing strong dyeing property which has 
D6on oareluUy examined, gives shades poaseaaing 
considerable fastness to light, and these arc 
mnoh more permanent than th<Mo given by the 
present known momlwrs of the fiavonol group. 

Natural Flavone. 

Very interesting is the occurrence of flavmie I 
in nature (MiilJer, Chom. Soc, Trans. IDlf), J07, ‘ 
872). It is well known that maiw varieties of | 
the primula possess on their flower stalks, j 
leaves, and seed ca|)8ulos a characteristic dust ’ 
U^rmed by gardeners ‘ meal ’ or ‘ farina,’ an<l j 
this is most pronounced on varieties obtained : 
from (Jhina and Japan. This powder, exannmMl ' 
by Hugo Miillor who ohtainoii it mainly from ; 
the P. puhcrulerifa and P. japonica^ dissolves j 
readily in benxene and boiling ligroin, and the 
concentrated solution on cooling bc'came semi- ! 
solid owing to the separation of crystalhiK! 
tufts. 

It possessed the formula 0,£.H,o02, melted 
at 99®-100®, and on boiling with dilute sodium 
hydroxide gave slowly a yellow solution, with 
formation of a small quantity of aoctophonune, 
and the latter could bo obtained in greater 
quantity by the action of methyl alcoholic 
sodium hydroxide. Employing methyl alcoholic 
barium hydroxide, a reagent not jireviously 
suggested for the degradation of flavone com¬ 
pounds, Miillcr obtained a substance 
This by the action of alkalis was converted into ' 
salicylic acid and acetoplienono and evidently 
consisted of liyilroxy-bcnTioyl-acetophenono (o- 
hydroxy-dibciuoj I-mcthanc)— 

The com]>ound was thus without 

doubt ^uiwjc, 
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the Aoetyl compound of which when bromfnated 
fomw the tetraoromide 

CeH5(O-C0CH,),(C0 0HBr<!H'Br*CeH*), 

Alcoholic potash converts the latter com¬ 
pound into difiiivone — 
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and this crystallises in faint yellow needles, 
ni.n. 277’ 278”. In its general properties 
diflavono resembles flavone, and its faint 
yellow .solution in sulphuric acid has a beautiful 
bliio fluorescence. (Colouring matters of this 
group are at jircaont unknown. A. G. P. 
FLAVONOL 
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and it is interesting to note that though hydroxy- 
benzoyl-acetophenono was assumed by Feuer- 
stcin and v. Kostanccki (Ber, 1898, 31, 1758) 
to bo the first product of the hydrolysis of this 
substance, its isolation in this manner had not 
previously been effected. , 

The function which flavone exorcises in the 
economy of the plant life of the primula is 
difficult to explain, though it may be of service 
on account of ito repellent action towards 
water. 

Diflavone. 

This substance was pn^ared by Kyan and 
O’Neill (Proceedings Royal Irisli Academy, 
xxxii. B, 5, 48), employed as a starting- 
point for their synthesis diacetoresorcinol— 
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This by interaction with benzaldehyde yields 
the dichalkone 

C,H,<3H-CH-CO-I^^,!-CO-CH.CHC.H, 


It is usual t-o subdivide the groat family of 
yellow colours derived from flavoUe into two 
classes, jlavonv and jlavonol, and the latter 
group is dislinguishea by tlio fact that the 
hydrogen in the y-pyrone ring of those com- 
pounthi is substituted liy hydroxyl, whereas in 
the former it is not. 

Flavonolt so dosignatiHl by v. Kostanecki, 
was synthesised by v. Kostanecki and Szabrin- 
i ski (Ber. 1904, 37, 2819) in the following 
; manner:— 

j By the action of amyl nitrite and hydro- 
* chlonc acid in alcoholic solution on flavanono, 
j wonitrosoflavanono (1), m.p. 158®-159‘’, is pro- 
' duced, and this by means of boiling dilute acids 
i splits off hydrexylamine and is converted into 
i flavonol— 
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Flavonol crystallises from alcohol m yeiiow 
needles, m.p. 169“-170”. When wanned with 
aqueous sodium hydroxide it forma a yellow 
liquid, and on cooling the sodium salt sepaiiwtM 
in tho form of yellotw needles. Its soluticm in 
sulphuric acid exhibits an inteiwo violet fluorea* 
cenoe. Acelyljlavonol, colourlees needles, mdite 

at llOMir’. ^ 

According to Auw^rs and MiiU^ (Bm^. 


1908, 41,1^3), benzylidcnecoumaranoiM* oan 
be converted into flavonols. Thus benzylr 
idene-4-methylcoumwranono dibromide when 
treated with potassium hydroxido gives 2- 
methylflavonol. The reaction may Be tBus 
expwwed:— » 
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FLAVONOL. 

That this paouliarity arises from the pnseiioe 
of the pyrone hydroxyl is evident if the structure 
: of moriu is compared with the lotodavone of 
Dunstan and Henry (Phil. Trans. 1901, 194, 516) 
OH 
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The hydrolysiH of llavonol into <> 
benzoyloarhinoi and hf^ir/.oiu a<‘id 
expressed by the followinj? equations :■ 
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the tinctorial properties of which are exceedingly 
feeble, Jt Boomed possible that this dyeing 
effect was to be attributed to the fact that this 
compound contains the hydroxyl (1) in the peri, 
position to tlie chromophoro and which is present 
in most of the natural dyes of this group. 
Such a suggestion, however, becaino untenable 
on the synthesis of n^somorin— 
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by Bomfazi. v. Kostanccki, and Tambor (Ber. 
ilKH), 39, 86), whitdi dyes the same shades as 
morin but does not contain the peri-hydroxyl 
in question. ^Evidently therefore the tinctorial 
properties of these hydroxy fiavonols can only 
1)0 accounted for by their possession of the 
grouping 

C=0 
C—OH 

the elfect of wliich is considerably sti'engthened 
by the presence of hydroxyls in other positions 
in the molecule, and this has received support 
^t'clected by digesting the fully methylated from tlie obeervution of v. Koetanecki and 
flavonole with boiling alcoholic potash for some , Szabriinski tliat flavonol itself dyes on aluminium 
hours, for owing ti* the oceurronce of secondary' mordant a pale yellow shade. Though ortho- 
reactions it cannot be satisfactorily carried out hydroxyl groups arc not essential to the dyeing 
with the iinmethylated compounds. property of hydroxytlavonole, their p^enoe. 

For the synthesis of numerous ilavonols, at least, in certain positions, has considerable 
many of which occur naturally, v. Koslanecki influence, not only in deepening the tone, but 


tl()-.(lll.;OH 

and this reaction, which is typical of the 
behaviour in thcBc circumstances of the whole 
series of these compounds, has in general been 
employed to ascertain their structure. It is 


also in reddening the shade. Thus, whereas 
morin dyes bright yellow shades, quercetin (1) 
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and his co-workers have employed os a general 
method tlisl. fi>und serviceable for the prepara¬ 
tion of flavonol itself. 1’he fiavonols, with the 
exception of morin, which curiously enough is 
ooiourlees, are yellow crystalline substances, 
soluble in alkutino solutions with a yellow 
oolour, and yield witii ease in the presence of 
acetic acid orange ervstaliine oxonium salts. 

According to Perkin, whereas as a rule hydroxy- 
flavonos are not oxidised by air in alkaline solu¬ 
tion and can be precipitated therefrom unchanged 
by acids, fiavonols, on the other hand, are readily 
decomposed in this maimer with the formation 
water-aoluble products. i 

Intereeting is the fact that though certain 
colouring matters of this group do not possess 

two hydroxyls in the ortho- position relatively . gives , , . u j » 

to on© another, they are nevertheless strong 1 mordant, and the effect of the pyrone h^rorox^ 
dyestuffs, and of these the tetrahydroxyflavond i is veiy evident on comparing quercetin wito 


C 

.0. 


( 2 ) 


OH 


OH 

<3oh 

COH 

OH 


OH 


a brown-orange shade on aiuminiom 


morin may be taken as an example-— 
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luteolin (2) which gives m the same way only 
{ a bright yellow colour. A multiplication U 
[ hydroxyls does not effect any genem alteraticm 
; of shaae given by these oonmounds, as is so 
I well known to take place in the anthraqninone 
1 gro^. 

' l^e shades givcA by the fiavom^ Mte xmI 
^ so fast to light as thofte ^ven by the fi»TOilB|; 
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and this may arise In part owing to the 
greater suso^riHlity of their salts (or lakes) to 
oxidation. 6i this respect they vary again 
among themselves, quercetin being a somewhat 
iaster colour than fisctin, and morin than 
quercetin. 

On the other hand, ti»e charai^ter of the 
shade given by the natural dyestut! varies in 
tone, as to whether the colouring matter is 

P resent as glucoside or in the free condition. 

hua in dyeing with quercitron bark, quercitrin 
and not quercetin is the dyestuff, whereas in 
old fustic no glucoside is present, and. the 
tinctorial olfeot is due to morin itself. The 
shade again given by a gluoosido is naturally 
dependent on the position of the sugar nucleu.s, 
and thus the quercetin glucoside, quorcimeritrin 
(see Cotton Flowers) has quite distinct pro¬ 
perties in this resj)ect from qu«‘rcitrin itself. 
Again, a glucoside may l)e almost devoid of 
tinctorial property, as in the case of the kaemp- 
ferol glucoside robinin and the alizarin glucoside 
ruborythric acid. The idea formerly held that 
gluciMides in general were not tnie dyestuffs, 
and that during the dyeing operation by the 
action of the monlant tiioy were hydiolysed 
with production of the colour lake of the free 
colouring matter, is incorrect. This evidently 
arose from the fact that in certain of these 
dywtuffs, as, for instamie, madder and Persian 
berries, the glucoside is accompanied by its 
specific enzyme, which in case the temperature 
of the dye-bath is gradually raised from the cold 
upwards, effects the hydrolysis of the glucoside 
before tlic dyemg operation has really com¬ 
menced. A. 0. P. 

FLAVOPURPURIN v. Aljzakin and allied 

COLOURING I4ATTElt.S. 

FLAX. This term, as applied to the fibre of 
commerce, designates tlio product of the plant 
Linitm iLsitatisswium (Linn.), belonging to the 
nat. order Linacece, a group consisting of herbs 
and small shrubs indigenous to all temperate 
climates. Linum usitatissimum is now only found 
in its cultivated condition. The plant occurs in 
two main ‘ forms ’: L. usiiaiissimum f. vulgare 
or indehiecena, with a taller stem and fruits that 
do not split open spontaneously; and L. 
usiUitissimum f. humile or crepitans, more richly 
flowered and with fruits that open spontaneously. 
The former form is cultivated for the production 
of fibre, the latter for the production of seed 
(linseed). The herb has a solitary erect stem, 
attaining a height of from 20 to 40 inches. The 
cultivation of flax is of insignificant extent in 
England and Scotland, but is of much greater 
importance in Ireland. It forms also an im- 
TOrtont crop in some parts of Belgium, Holland, 
France, and Russia. 

The plant having attained about two-thirds 
of its fun height, is ready for gathering ; as when 
allowed to grow to maturity a coarser and less 
valuable fibre results. The stem coiuiists of an 
mtemal woody core, on external cortex, and an 
intermediate oeUular tissue (the bast), from which 
the flax is prepared. The operations necessary 
in the prepaiation of the fibre for the mirposes 
of the spinner axe (I) pulling ; (2) rippling ; (2) 
retting, or watemg j (4) grasaing; 
w br^kum ; (fl) scutching; (7) heckling. Of 
msSe,' puliiDg * is 1 ^ distinotive meHiod of gather¬ 
ing the flax plaat, wMch is always tom up by 


the roots and not out down like other crops. A 
; fine day is selected for this purpose, and the 
: stems are as far as possible arranged in sizas by 
the pullers; those auo being assorted which may 
have boim damaged by wind and rain. ‘ Rippling * 
is the pmcesB of removing the seed Imus by 
drawing the heads through a species of comb 
set. up usually in the field wherein the flax is 
being harvested. ' Rotting ’ consists in immers¬ 
ing the sterns in pools or streams of water in 
Huch a position that they shall stand almost 
erect, although weighted down so as to be quite 
rtubraerged. The object of this is to induce fer¬ 
mentation, which dissolves the glutinous matter 
anil dismtogratoB the fibres. Ruro soft water 
and great judgment in the proper length of time 
to be allowed, which may bo ten days to a fort¬ 
night, are oHsentials in this part of the treat¬ 
ment. Retting is followed by ‘ grassing,’ where¬ 
by the Hctparaiion of the nax fibre from the 
ligneous portionsof the stalkis further facilitated. 
It consists in spreading the stems on the grass, 
for a week or a fortnight, during wliioh time 
they are occasionally turned. The flax durum 
tins operation becomes somewhat bleached. 

‘ Breaking ’ and ‘ scutching ’ art> the means 
emplf\yed to strip off the haid epidermis, and are 
effected either by hand or matminory. * Heck¬ 
ling ’ is a still further combing, which arranges 
the fibres in parallel order, ready for the manu¬ 
facture of yam. 

According to Kolb, retting sets up a peculiar 
I fermentation, which results in pectiwe or ite 
' analogous bodies being changed into pectin and 
pectic acid; of which the former being soluble Is 
‘ left in the water, whilst the latter being insoluble 
remains attached to the fibre until its treatment 
with hot alkaline iyo in bleaching, when it is 
' changed into soluble metapeotic acid. 

Under the microscoi^, flax fibre has the ap¬ 
pearance of a cylindrical tube, not continuous as 
in the case of cotton, but broken up by septa or 
knots at irregular distances through the ^gth 
of the fibre, varying from four to six times the 
diameter of the tuiie. This diameter is from 
about The adhesive 

power of the nores, which gives the strength 
when spun into yam, a^ijicars to depend on Ihe 
twist given by the spindle as wolf as 1^ the 
tenacity of the rough cellular sheath, which re¬ 
mains always more or less inorusted with the 
chi^racteristic resinous deposit. Advantage is 
taken of the presence of tms gummy deposit to 
detect the admixture in fabrics of oott^ with 
linen; as, although the ultimate basis of both 
is cellulose, cotton exists in a much purer state 
than flax. The difference in the reaction upon 
them caustic alkalis jpoints out such admix¬ 
ture. When immersed m a boiling solurion of 
caustic potash and water for about a minute, and 
then pressed between folds of filter paper, flax 
exhibra a dark-yellow colour, whilst cotton, 
when similarly treated, either remains white or 
becomes a very bright yellow. The same 
tion of potash employed cold colours raw flax 
orange-yellT. whilst cotton becomes grey, « 
result whicffltuhlmann believed to be doe to tli% 
pectio substances contained in flax. 

FLEMIMGIK t>. Waiub ; Bvnrs. 

FLlIfT. Silex; Ger. Feuerstein.) A 
: native form of silica, being a oompaot massive 
variety of the mineral quarts with some sdsflied 
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hvdrated silica (opal). It grades into ohalcc* 
dony, chert, homstone. or jasper, and may be 
banded and marked like agate; no sharp line 
of demarcation can be drawn between these 
several varieties of quartz. 1'ho term ‘flint’ is 
commonly limited to the nodular masses found 
in, or derived from, tlio Chalk formation. This 
material is of organie origin, l)cing derived from 
tlio sllierous (opaline) nunaiiLs of marine 
organisms {aponges with siliceous Rpicules, 
radiolaria, and diatomaeead deposited on the 
sea-floor together with the ealoareous remains 
of other organisms which gave rise to the chalk 
itself. After de]»osition, tliis disseminated sili¬ 
ceous inaterml heennie segregated inlo nodules ; 
being no doubt re-deposited in the colloidal 
condition. an<l sul»s(*<juently dehydrated and 
transformed into tlie crvstalline condition. 
The fact tliat nodules of flint an' nsittilly arranged 
along the bedding planes in tin- chalk would 
suggest that these layi'rs correspond to jicriods 
when siliceous organisms ])redominated, raid 
that the solution and re-dojiosltion of the silica 
took place ountemporam'oualy in the soft ooze. 
On the other hand, the oeciirrenoe of flint in 
platy forms filling vertical joints in the chalk, 
suggests that solution and re-deposition may 
also have taken place subsequent to the con¬ 
solidation of the cnalk. 

Flint is dull in (colour and lustre, being 
yellowish, blaclcish, or more usually of a smokc- 
groy colour, and with a more or less waxy or 
greasy apiwarance. It bnmks with a smooth 
oonchoidal fracture, and under certain conditions 
with a conical fracture. Thin flakes are trans- 
iucont at the edges. 'I'hin sections in polarized 
light show that a large part of the material is 
minutely crystalline ((Typto-erystallino). Sp.gr. 
2*60-2'^ (somewhat loss than that of crystal¬ 
lised quartz). The material consists of nearly 
pure silica (about IW p.c.) with 1-1’4 p.c. of 
water, and traces of iron, aluminium, calcium, 
£md organic matter. It is much more readily 
soluble in a hot solution of caustic alkali than 
is crystallised quartz. The white patina or 
crust often seen on flints consists in some cases 
of adhering chalk mixed with silica (CaCOn 
fiO p.c.); or more often it consists wholly of 
silica, and has been produced by the weathering 
of the material, the opal lieing dehydrated or 
removed in solution ana the crystalline particles 
liberated in a jiowdory condition. 

Flints occur principally in the Upper Chalk, 
which is of wide distribution in the south-east 
of I^lan^ around the Paris basin, in Denmark, 
the island of Riigen, Co. Antrim, &c. With the 
denudi^ion of the rock the resistant flints 
accumulate in gravels and other secondary 
depewits. The material is obtained : (1) as 
Irreffular nodules coated with chalk as a by¬ 
product from chalk quarries worked for lime, 
cement, whitning, &o.; (I) iron-stained pebbles 
from gravel pits; (3) boulders and pebble 
collected on the seashore. 

Flint was perhaps the very first mineral to 
be worked for practical uses, as witj^s the pre- 
historio palieoiithic implements ana the highly 
flnifthed ninte of the neolithic period. Flints for 
tinder-boxes and gun-flints are still worked by j 
the flint-knappi^ at Brandon, ]{i Suffolk (for \ 
an account ot this industry, v. S. B. J. SkertcMy, ! 
Mem. Oeol Survey, 1870). Apart from the ! 


local use of flint os a building stone (v. B. T. 
Baggallay, Trans. R. I. Brit. Arch. 1885), and 
for road making and concrete, the principal use 
of the material is in the ceramic industry. For 
thin purpose large quantities are collected along 
the French coast between Havre and St. Valery 
at the mouth of the Somme. The material is 
burnt and thrown into cold water, when it can 
readily ho finely ground to a snow-white powder; 
large quantities of flint pebbles are also ground 
between blocks of chert. For the manufacture 
of por<*elain, a.s well as for glazing and enamel¬ 
ling, powdered flint is better than crystallised 
quartz, probably on account of the difference in 
texture of the material. hV)nnorly it was also 
used in tin* manufacture of glass (hence the 
term flinf-glass). Powdered flint bunded with a 
highly plastic clay is u.scd for making refractory 
I silica-hneks for steel furnaces. Round nodules 
I of flint are used in tube mills for grinding felspar, 

I cemonl-chnkei-s, ore, Ac., the silii'a worn from 
them being an uniujurious contamination. 
The Danish flints are best suited for this purpose. 
As an inert niulerial it is used as a filler in acid 
towers. Powdered flint i.s used for making 
Hand-jiaper. Flint is also cut and polished for 
use as agate-nuirtars, polishei-s, and burnishers, 
(e. W. Hill, Flmt and Chert, Proe. (leol. Assoc. 
1011, xxn. (>U; J. W. Mellon and A. J. Campbell, 
Flint and Quartz, Trans. English (’eramie Soo. 
lOlb. XV. 70). L. J. S. 

FLORENCITE. Basie phosphate of aluminium 
and cerium (CV^Oa, &c., 28 p.c.)— 
AlP 04 -CePU 4 -Ai(()H)e, 

crystallised .in the rhombohodral system and 
isomorphoiLS witii tlie strontium salt harnlinite. 
Sp.gr. 3*580. It is fouinl as small yellowish 
graiii.s and crystals in diamond-bearing sands 
near Diamantma, Brazil, and in cinnabar¬ 
boaring sands and in mica-schist with topaz 
near Ouro Proto, Brazil. L. J. S. 

FLORES CINAE v. Santonica. 

FLORIDOSE. An aldohexo.se found in the 
red sea-weed, Florid(.<B, and in Chondrus EUxIms^ 
Ahnfdiia pricafa, and otlu'F sea plants. Crystal¬ 
lises from water; is soluble in alcohol; m.p. 
152‘’-163°; roj“+g0-75”. Keduces Barreswil’s 
(Fohling’s) solution; is fermented by yeast; 
forms a nydrazone, m.n. 158'^-160®. Soluble 
in methyl and ethyl alcohols and in hot water ; 
a needle-shkped osazone, m.p. 103°. Sodium 
amalgam reduces it to a hexahydric alcohol, 
floridiiol (Takahashi, J. Tokyo Chom. Soc. 1910, 
40, 157). 

FLOS-FERRI v. Aragonite. 

FLUID GELATIN v. Ahminium okate, art. 
Alums. 

FLUOCERITE. Fluoride of cerium (40 p.c.), 
lanthanum (30 p.c.), and yttrium (3 p.c.) earths, 
(Oe, I.ia, Di) crystallised in the hexagonal 
system. It is roddisli-yellow with resmoiie 
lustre, and massive, rarely as crystals. Sp.gr. 
5*70, 5*93. It oocum in p^matite veins with 
gadolinite, orthite, &c., at Osterby, Finbo, and 
Broddbo in Sweden (P. Qeijer, Geol. F6r F6rh. 
Stockholm. 1921,43,19). L. J. a 

FLUORAL r. Ststhbtio dwos. 

FLUORAM. Trade name for acid ammonium 
fluoride. . 
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Discovered independently by Fittig and (lebhard 
(Ber, ]0» 2143; Annaicn, 11)3, 142) in <!oal tar 
and by Goldsclnnicdt in ‘Ktiinp,’ a mixture of 
hydrocarbons obtamod in distilling nicn-ury ores 
at Idria (Ucr. 10, 2022). Obtained from the 
fraction of coal tar boiling liigher tiian anthra* 
oene, by rodistilliug it at 250“ under a prcasuro 
of 60 mm. A mixture of pyrene and fluo¬ 
ranthene passes over, which may Ik* separated 
by repeated erystallisation-s from alcohol of 
their pieric acid etunpounds ; the fluoran¬ 
thene pierate separates as long reddish-yellow 
needles, melting at 1S2''~183^ Forms slender 
needles or monoclinic pbitcs, nH‘lling at 100“ - 
110®; boils at 250“~25r' under a imi-ssure of 
60 mm. Sparingly soluble in cold, readily 
aolublo in boiling alcoliol; soluble in oilier, 
carbon disulphide, oliloroform, benzene, uni) 
glacial acetic aiud. Warm eonecnirated sul¬ 
phuric acid diasolvos tlie liydroearbQii, ju'oduc- 
ing a deep-blue colour. 

Chromic acid oxidises it to a (jiunone >2 

(red needles melting at IS7 '-I8S'), which, on 
further oxidation, yieliis dipliPio/lefukcioim- 
carboxylic acid 

C.Hr 

! , 

(’oil,—coon I 

(m.p. I0r’-102®). This acid is converted by 
heating witli lime into (hplunylcnekdonc (r. 
Fluobknk), and bv fusion with caustic potash 
(V^'^'OOH (1, 2) 
into isodiphcnic ar,id \ 

CJl4(’OOH (1, 3). 
Fuming nitric acid forms with the hydrocarbon 
a trinitro derivative. 

FLUOR APATITE ? . Apatite. 

FLUORENE o-J>iphcnylc»c victhanr, 

1 >0H, 

(\}i/ 

Discovered by Berthelot in coal tar (Comjit. 
rend. 6.5, 465; Ann. Chim. Phys. (4] 12, 222). 
Obtained (1) by jiassing the vapour of dijihenyl- 
methane through a rcd-liot tube (Grabo, Annalon, 
174, 194); (2) by reduction of diphcnylcne 
ketone cither by distillation with zinc-dust 
(FHttig, Ber. 6, 187) or by heating with hydriodic 
acid and rod phosphorus to 160®—160® (Grabc, 
ibid. 7, 1626): the diphenylene ketone may bo 
synthesised by splitting off HjO and COj irom 
<uphenic acid (Ostermayor and Fittig, ibid. 5, 
936) or by diazotising o-amino-benzophonone 
and eliminating the diazo- group (Grabe and 
Ullmann, ibid. 27, 3485) 

GO 


cy''0- 


NH, 


(3) ky condensiz^ e^yl tricbloraoetate with 
wTOWtto in the presence of alumiiuum chloride 
Vcw,. 



and heating to 290® the 9*flabrene carboxylic 
M N 

acid! j )?C<f Kormed (Macro, Bull. 

VC.H/ ^COOH/ 

Soc. chim. [3j 27, 876). The high-boiling 
fractions of tar oil after depositing naphthalene 
and anthracene are distulod; the fraction 
boiling botween 295’ and 310“ contains the 
greater portion of the fiuon'nc. which, on {usioii 
with caustic ptifiiah at 280', is ironvorted into a 
solid potassium compound (VVeissgerber, Ber. 
34, 1669): the latter was originally separated 
inechanK'ally from the fused hydrocarbons and 
the flnoicne riigeiierated by treatment vrith 
water (I). H. 1'. 124150). Diphenylene oxide, 
present in the original mixture, is converted 
into potassium diphenat<\ and a small proportion 
of ifuorene into o-pbenyil>enzoic acid; tho 
alkaline mass is then tn'ated with water and tho 
hydrocarbons obtained pun* liy fractional dis¬ 
tillation (1>. 11. P. 130679). 'J^he sodium com¬ 
pound, also used for tho separation, is 
obtained by fusing the mixture of hydro¬ 
carbons with sodium or sodainido at 160®-200° 
(J). R. P. 203312). In the presence of aniline 
or other organic ba.se8, tho reaction proceeds 
moix^ smootlily, and at a lower temperature 
(f.). R. P. 209432). Recrystailisation from 
alcohol and glacial acetic acid, and precipitation 
of tho picnc acid compound (m.p. 8l“), may be 
used in the purification.—Lustrous laminse, 
melting at 115“ (Uclacre, l.c.). ]5oUh at 294®- 
295“ (corr.). Sparingly soluble in cold, readily 
in hot alcohol; readily soluble in ether, benzene, 
and carbon disuljihide. Oxidation with load 
oxide yi<*lds bisdiphenylcno ethane and bisdi- 
phcnylene ethylene (red needles melting at 188®); 
with chromic acid diphenyioneketone (yellow 
prisms molting at 84®, boiling at 337®); with 
fused caustic potash o-phenyfbenzoic acid and 
with potassium permanganate o-plithalic acid. 
With nitric acid (sp.gr. 1*4) in glacial acetic 
i solution at HO®, 2-nitrofluorene is formed (Diels, 

’ Her. 34, 1758;; fuming nitric acid produces the 
2 : 7-paradinitro diirivative, melting at 199®-201® 

I (Fittig and Schmitz, Annulcu, 193, 134), 266®- 
200® (Barth and Goldschmiedt, Ber. 11, 846). 
’fhe eorresjionding amino compounds have been 
used in the preparation of ozo dyes, but do not 
' yet ajipoar to have found practical application. 

By tho action of sulphuric acid and the nalogeas, 

; substitution compounds are formed. The nega- 
i tive character of the methylene hydrogen 
I atoms is shown by tho formation of potaaftium 
! and sodium compounds (ii. supra)^ and by tho 
i formation of condensation producte with 
' bcnzaldehyde and oxalic ester (Thiele, Ber. 38, 

I 851; Wialicenua, ibid. ,33, 771). The con¬ 
version of phenanthrenequinonc, by fusion with 
potash, to 9-oxyfluorene-9-carboxylic acid 
(Schmidt and Bauer, Ber. 38, 3738), and tiia 
formation of phenanflhrene by a pyroge^ »• 

; action from methyl fluorone (Grabc, ^id. 97, 

' 4145), furnish instances of the mutiwl oon- 
• version of 6 and 6 rings. Reduction with 
hydriodic di^d yields a decahydrofiuoHsn®, 
(Sdimidt, ibid. 40, 4566); flaorene 
porhydride is described by Spiegdi (iW. 

41, 884 ; 42, 916). 

Isomeric fdiphenylenemethwiei we» 00 -, 
scribed by Comellcy (Chem. Soc. Trans. 1880» 
708). who obtained them by pawing the mhnd 
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Vftpoura of benzene end toluene through e red- 
hot tube. J. S. 

FLUOHENE KETOHE r. Kkionks. 

FLUORESCEIN r TiiirHENYr. methjise 

OOI-OUKINO MATTKlt-S. 

FLUORESCENT BLUE or RESORCIN BLUE 

(l„H,Hr,,N,(l^(NH,). A colouring oli- 

t.aino(l III IKKO by Wf^ftcUky and itenedikt by 
treating a nolution of rhazorcHoruUn m potaKsium 
carbonal4‘ witli iironiiiie, and ])ro('i)>ilaling with 
an HRid. tSolublo in boiling wuU‘i‘. giving a 
roddwli-violet Hfiluiion with gn'on iiuon‘R<-cnco. 
On the aihbtion of hydrochloric acid, the aijiieoiin 
Holution given n yollowiHh-brown precijiitaU'. 
With 7,iuc*duHt mnl caunt ic soda solul ion lapully 
becomes colourhws, but' again becomes blue on 
oxpo8UV(‘ to air Soluble in concentrated siil- 
pbiiric aeitl with blue colour, wluch becoiiu's 
violet on ailditinn of water, and evi-ntuaily gives 
a reddish-brown jirecipilate Dyes silk ami 
wool blue with hrownisn nuon‘H(!<*iic(' (Bninner 
and Kramer, Jler 17, 1847, 1HI>7, I87r); Wesel- 
sky an<l Benedikt, Moiiat'sh. 5, (>0r); jler. 18, 
Hof. 7b) (r. OxAZiNK ronoiiRiNu maters). 

FLUORINDINES r. Azin ns. 

FLUORINE. Sym. I'\ At. wt. 15» <t Ampere, 
in IHIO, first jiointe.d out the analogy between 
hydriKihlorie acid and the gas evolved from a 
mixture of Ihiorsjiar ami sulphuric acid ; he 
assumed tlie exisUmcc of an element similar to 
chlorine, and further tliat the acid obtained 
from lluonjjiar was a hydrogen e.omjiound. 
BerzoliuH and Davy, a few years later, more 
fully established this view. 

The name fluorine was giviui to the supposed 
element on account' of its being a constituent of 
fluorspar. Many fruitless attempts had been 
made to isolate tlio eleinont, hut. owing to its 
great aflinity for otluir elem<'nt.8, none eoidd be 
regarded as successful until .Moissan. in 1880, 
announced his i-esuHs. 

Occ/irre)tcr. —Fluorine oeeiu'S in the com¬ 
bined state only, and generally as fluor-spar CaF.,. 
erystalhsiug m cubes and octahedrons ; this 
eompfiiind is found in abundance in Derbyshire, 
where it is known as Ihirbyshin'-spar, and 
‘ Blue John ’; it is also fouiul in Korthuniber- 
laud, Durham, Yorkshire, and (’ornwall, and 
from it most of the }>n*paratioiis of fluorine are 
madit (v. P[,tTOR-si*AR). (Vyob'/r, a double 
fluoride of alinninium and sodium 3NaF-Alh\ 
or AljKg’ONaF, found in Orefcnlaiid, is a mini'ral 
containing fluorine (e. Cryolite). Fluorine 
is widely but sparingly diffused, occurring in 
fimall amount m conjunction with aluminium 
and silicon in {op(iz ; with cerium and yttrium 
In fiuoceriic and yitrocerite ; it occurs also in 
apntite, wavellite, tmgumfc, and other minerals. ; 
li is also found in the idocrase of Vesuvius, 
Christiansand in Norway, and in the variety 
from the River Wilui m Siberia (Jannaseh, 
Jahr. Mineral. 1883, 2, 123). Traces of it 
exist in sea-water, and in the water of many 
mineral springs and rivere. Traces of fluorine 
have been d^eoted by Wilson in the silicious 
stems of grasses and equisetac4^)us plants. 
Bones, bo^ fossil and recent, contain fiuorino 
(Canmt, Ownpt. rend. 1892, 114, 1189-1192), 
and It is found in the enamel of the teeth 
(Oabrtsl, Z«lt»oh. physiol. Cbemr 18, 267-303, 
1894; Wiainpelme^r, Zdtsoh. an^. Ohem. 
8S,'65(M153, i894). It {s said to occur in the 

■'j 


blood, the brain {Horsford, Annalrn, 149, 2W), 
and in milk, also in human urine. 

Taromann (Zeitsch. physiol. Clhem. 1888, 12, 
322-326) has shown that fluorine is of great im¬ 
portance in the animal economy, while Saber 
Hurstmann (Ann. (Hum. Phys. 114, 510) has 
demonstrated that certain plants do not develop 
m its absence. 

Iffolation of JInoiiiif concluded, from 
hi.s experiments on the (•om]iound8 of fluorine, 
that the latter was an extremely active clement. 
Since his turn' many elicmists have endeavoured 
to obtain tliioiine in the free state. It has been 
known .since thi* linn- of h'arailay that strong 
hyili'olluoi ic ai'id is n \<'iy bad conductor of the 
(deetrie euri'ciit, and Moissan in hiH experiments 
found tiial tin* euirenl fiom 50 Bunsen cells 
was not/ able lo eflect. a jiassago through the 
aiiityihouH acid ; by dissolving a little hydro¬ 
gen potashiiiin fluoride JIF'KF in the acid, it 
was at imee rendeied a eondiietor The appa¬ 
ratus einjiloved eoiiKistiMl ot an irido-platinum 
U-tuhefl-r) cm. high and I 5 cm. diameter (Fig. 1). 
At the Hid(‘ a'Tid near tlie t-oj) of eaeh limh was a 



Fio. 1. Fio. 2. 


small exit tube of jdutmum, v and n; each limb 
of the U-tube was jirovided with a hollow 
; cylinder screwed into it, and the hollow part of 
each eylindcr_,was closed by a stopper of fluorspar, 
! through the axis of which passed the terminals 
‘ of inclio platinum (Fig. 2); these terminals were 
' 2 mm. square in section and aide, 12 mm. long, 
and passed to within 3 mm. from the bottom of 
' each limb. The whole apparatus was first 
entirely freed from moisture by drying at 120% 
tlicn about (> grams of the double fluoride of 
hydrogen and potavssium were introduced, the 
■ stoppers screwed in and covered with shellac, 
and then placed in a metjiyl chloride bath, a 
; constant supply of wliieh at —23® w'as main¬ 
tained in the bath. The delivery tulies, hitherto 
ke])t in communication with desiccators of fused 
potash, are now connected with the vessel con¬ 
taining anhydrous hydrofluoric acid, and about 
16 grams are gently aspirated into the apparatus. 
On now passing a current from 20 Bunsen eelk 
; through the somtion. a continuous evolution of 
; gaa t'Ook place. To demonstrate its effects upon 
olber bodies, they were placed in small gtass 
I tubes, and brought to the delivery tube at the 
i positive side (Fig. 3). 

On taking the apparatus to pieces after each 
oxiieriment, the hydrofluoric acid remaining was 
f^und to contain a small quantity of planum 
fluoride in solution, and a black mud consist¬ 
ing of a mixture of iridium and platinum in 
suspension. The n^atii^ electrooe was not 
attacked, but the matinum rod formii^ the 
positive pole was ea^ airay to a point, so fiiafc 
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one rod oni^ served for two experimentfl. The 
avora^e delivery of gae was about I *5 to 2 litres 
per hour. 

It is probable that potassium fluoride is first 
decomposed, fluorine l)oing evolved at the posi¬ 
tive pole, and potassium, which*decomposes 



hydrofluoru’ aoid, libi-rulmg its ccpiivalont of 
hydrogen at the negative lado, re-forming potas¬ 
sium fluoride which may oo again cloctriflysed 
Hence a small (quantity of the double fluoride 
can serve for the deooinjiosition of a compara¬ 
tively large amount of iiyilrotluorio acid. 

To prepare the pure anhydrous acid, a 
known volume of commercial acid was troaf-od 
with sufficient potassium carbonate to neu¬ 
tralise about a fourth part, and was then dis¬ 
tilled in a leaden retort over an oil-bath at 
120®. PotasHiurn fluosilicate, formed from 
the hydrofluosihe acid contained as impurity, 
was not docom{>osod on distilling, and the dis¬ 
tillate was therefore free from silica. The 
distillate was divided into two one of 

which was neutralised by potassium carbonate 
and then added to the other half, thus form¬ 
ing the double fluoride HF'BLP. This was 
dried at 100®, and kept for several days in 
vacuum in the receiver of the air-pump, over 
sulphuric acid and sticks of potash. When 
penectly dry, this compound falls to powder, 
and is then ready for the preparation of the 
wihy^ous acid. The dry fluoride thus obtained 
waa introduced into a platinum retort and 
gently heated; the first portions of distillate 
are rejected, as they contein traces of water. 
A platinum receiver is then adapted and placed 
in a freezing mixture of ice and salt: on in¬ 
creasing the temperature, pure hydrofluoric acid 
paaws over and is condensed in the receiver as 
a limpid Uquid, which boils at 19*4°, is very 
in air (Ann. (Ihim. [6] 

The double fluoride is very soluble in hydro¬ 


fluoric acid, forming with it a cryatallisable 
compound richer in liydiofluorio acid than the 
double fluoride itself, and which gives off no 
acid vapour at the boiling-point of the anhydrous 
acid (19*4®). 

Moiftsan eloctrol)^sed tlio double fluoride it¬ 
self, which fiwcH at 140” to a colourless liquid. 
The oxporimont was done, as Iwfore, in a U-tube 
of platinum, but the latter was strongly attacked. 
Oil dipping the platinum terminals of the battery 
into the fused double fluoride contained in a 
platinum dish, gas was freely evolved at each 
polo, di'tonation <K>eurring on bringing the ter- 
ininaLs together, oven in the dark. The wire 
at the orul whi'ro the fluorine wa.s evolved was 
j Ntixmgly corroded. 

I Later Moissan found it possiblo to use an 
apparatus made of copper. 'J’he metal becomes 
eoatinl witli a film of fluoride CuF^, which is 
, iiiKolublo and proti^cts (he eopjier from further 
i corrosion. Tho electrodes must be made of 
; platinum instoAd of eopper, as the fluoride 
I formcil on the latter would diminish the current 
1 (tV)mpt. rend. IS‘J9, 128, 1543-1546). 

[ For tho preparation of aniiydrous hydrogen 
i fluoride sodium hydrogen fluoride is prefer^le 
I to the potaasium salt. 

I Fluorine can be prepanid in quantity by the 
I clectralysi« of fused potassium hydrogen’fluoride. 

I A stout cylindrical copper cell, inches 
diameter by 8 inches deep, heated eleotrioally 
by a nichrome wimLng, is used. Tho cell itself 
acts as a cathode and a graphite rod as anode. 
'I’lio evolution of lluoiino occurs at 240®-260° 
i with a cun*ent of 10 amperes at 12 volts (Argo, 
I Mathers, llumiston and Anderson, Amer. 
Eicctrochem. Soc. 1919). Fora modifloationof 
this process see Meyer and Sandow, Ber. 1921, 
64 [B], 759. 

Properties.— Fluorine is a gas of a pene¬ 
trating and disagreeable smell, similar to 
that of hyjiochloroua acid. A column of the 
gas enclosed in a platinum tube 50 cm. long, 
with colourless fluorspar ends, has a decided 
greenish-yellow colour (Moissan, Oompt. rend. 
1890, 109, 937-940). Its dispersion is anoma¬ 
lous, being less at the blue end of the spectrum 
than it is at the red (J, H. Gladstone and G. 
Olaclstone, Fhil. Mag. 1891, [6] 31, 1-9). 

Tho atomic refraiition of fluorine, as deter¬ 
mined from a numlicr of its compounds for the 
line H of the solar spectrum, varies from 0*36 to 
0*63, the numhem for chlorine, bromine, and 
iodine being 10*0, 16*2, and 26*2 respectively 
(GIa<lstone, l.c.). For sodium light, the values 
1 082 in unsaturated and 0*775 in saturated 
compounds (calculated according to the I^orente; 
formula) have been obtained by Swarts (Chem. 
Zentr. 1897, ii. 1042-1043). The atomic re¬ 
fraction of fluorine in unsaturated bodies is thus 
almost equal to that of hydrogen, so that if a 
double link is really present, fluorine has the 
smallest atomic rofraotion of any known element, 
its magnitude corresponding to its extremely 
low atomic volume, shown by Traube to lie 
between 0 o^d 1 (Annalen, 1896, 290, 105). l^e 
refractive index of the free element is 1*000195 
for sodium light, being thus almost exactly one 
quarter that of chlorine, and bearing the same 
relation to iteas do the rofracrive inif^oee 
nitrogen, oxygen, and neon to those of pto- 
phorua, sulphur and ai^on respectively, ^nds 
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value was obtained directly from measurement 
i>{ the electrolytic gas, due allowance being made 
for oxygen, ozone, and nitrogen, which arc 
always present {{Juthberison and Pridoaux, 
Phil Trans. 15)05, 205. A, 

Th(! density f)f fltiontic was delennined afUir 
purilication of llu' gas by passing it Mirouglj a 
platinum werm cooIjsI to --.50'' by methyl 
chloride, und tlu'ius* tlirougb a tube containing 
anhydrous sodium fluoride, winch removes the 
last traces of hydrogim fhioude. 'Fhe volume of 
the gas was di'ticrmlned by nnalysiR after inter¬ 
action with water. TIh^ first d<‘tcrmination was 
made in platinum vessels, an<l gave the value 
l‘2t55 (air) {Moissan, (‘oinpt. nuid. IHOO, lOl), 
801-S04), but u later value, P3I0, obtained by 
the Regrmult metliod m a glass vessel (MoisKan, 
ibiil. 15)04, 13h, 72K-732). eorrespomls almost 
exactly Id tin? value I lilt), cahulated from tlio 
atomic weight K 15)05 mi<l nioloeular w<‘iglit : 
38’I0. 'I'he jiosHibility of the e\is(,<'nee of any ! 
inoasurabh* jiroporlion of free lluorine atoms is 
thus excluded. 

Fluorine was liipaTied by M()i8s,an and 
Dewar in 1H!)7 (Compt. rend 185)7, 124, 1202- 
1205) by Bubjeeling tliogas to the (tooling action 
of liquid oxygen, boding under nsluced pressure. 
J^iquid lluorine is of a yi'llowish colour and very 
mobih*. When ])lae<'<i in li(|uid hydrogen, it I 
forms a white solid, m.p. 223’ (Moissan and I 
Dewar, (tomjd rend 15)03, 130, Itl 1-043). The ' 
critical temperature of llnorino is about 120' ; 
the critic^al ]iressure, about 40 atmosplien^s; 
and tile boiling-jioint, - 1S7‘\ 'I’he density of 
liquhl lluorine is about I‘14. Its specilie ro- 
fraetion is greater tlian that of ii(|ui<l air or 
oxygen, its (inpiliary coiLstant leas tlian that of 
liquid oxygen. It ha.s no magiu^tic propertuis, 
and shows no sjiecilic alworptioii bands (Moissan 
and Dewar, Clnun. Soo. Proc. 185)7. 175). 

Fluorine gas ha-s an irritating eflect on the 
cyo8 and ujKin the mucous membrane. It 
decomposes water witli formation of hydro, 
lluorii- acid, ami the oxygen which is set free is 
ozonised. It eorrod's glass, and attacks with 
violence all organic eoiiqiounds, cork Ixung at 
once carbonised ami inflamed ; ahsdiol. I'f.lier, 
benzene, and turpentine take jin* immediately 
in contact with it. 

Fluorine, frt'cd from hydrofluoric arid by 
subjection t-o tlie temperatun' of boiling air and 
subsequent passage over dry sodium fluoriiie 
cooled by a solution of solid carbon dioxide in 
acetone, tlotvs not attack glass even at 100", pro¬ 
vided that the surface of the glass is free from 
all traces of organic matter. Jt is impossible 
to dry fluorine by means of phosjiliorus ^icnt. 
oxide, os phospborvl trifluorido is immediately 
formed (Moissan, (’.ompt. rend. 185)1), 120, 
700-804). 

Fluorine eombinas with hydrogen, even in 
the dark, the combination is attended with 
detonation, and is effected even at the tempera¬ 
ture of liquid hydrogen (Moissan and Dewar. 
»6*d. 1908, I3fi, 041-043). Iodine bums in 
fluorine with a palo-blue flame, finning iodine 
pentafluorido (Moissan, ibid. 1902, 135, 503), 
and, in an atmoepheix' of iodine vapour, fluo- 
rino bunM with a similar flame. Vapour of 
bromine hNNi its colour in flaorin%. and tne com- 
Inaat^on il wnimtimes attended with detonation 
with formation of bromine t-r^uorido (Lebeau, 


ibid. 1905, 141, 1015; Prideaux, Chem. Soo. 
Trans. 1900, 310). Fluorine at once releasoa 
chlorine from cold potassium chloride; ohioriiu* 
is also expoll(‘d from its combination with carbon 
in carbon tetrachloride, but does not unite with 
fluorine. ‘ 

Nitrogen also ha.s no action on the gas, bul 
OXCC.SS of fluorine acts upon nitric oxide at the 
temperature of liquid oxygen, forming nitroxvl 
fluoruie. m.p. - 135)’, b.p —()3‘5", dcnfiityl 
217 2‘3l, a colourli'ss gas at the ordinarv) 
temperature (Moissan and Ijobcau, ('ompt. rend.* 
15)05, 140, H>21 11)20). • 

Sulphur, selenium, and tellurium, on being* 
pla<!c<l in fluorine, at once melt and inflamo' 
with inccuulcsience and formation of fum«i| 
and a coating of solid fluorides, l^hosphorus, 
burns in it with foimation of ilupride and, 
oxyliuonde; arsenic in powder becomes incan- 
(li'scent, and forms liquid drops of the trifluoride: > 
antimony also becomes incandescent. Silicon i 
in cryslailino form, and cold, burns with bril- ' 
lianey, and sometinu^s with scintillations. Ada- : 
mantine boron also burns in the gas. 

Metals are all attacked, but with varying ’ 
energy, and formation of fluorides. .Sodium and 
potassium in the cold are rendered incandescent. 
(Calcium, niagnesuim. and aluminium become in¬ 
candescent when slightly warmed. Iron and 
manganese in a state of powder, with slight 
warming, bum with bright scintillations. Lead 
is attacked in the cold, and tin on slightly warm¬ 
ing. Mercury is entirely converted into a yellow 
protofluoride. Silver, at a gentle heat, becomes 
coaled with a. satiii-likc deposit of fluoride soluble ' 
in water, (iold and platinum, when heated to 
between 300'’ and 400 become converted into 
their resjMMitivc fluorides, which arc decomposed 
again at a red heat with evolution of free fluorine 
(Ann. (!him. 1887. fOj 12,* 472-537: Moissan, 
Fluorine et sos composes). Fven at —187°, liquid 
fluorine reacts with a large number of substances. 
Sulphur, HclcDium, arsenic, phosphorus, potas¬ 
sium; calcium oxide, and anthracene idl react 
vioUmtly with it, while solid fluorine combines i* 
with liquid hydrogen at —252‘5°, with violent 
explosion, sufficient, heat being evolved to 
render the materials incandescent (Moissan and 
Dewar, Compt. rend. I5K>3. 13«, 641-643), If, 
however, sulphur, phosphorus, carbon, silicon, 
boron, and iron be first cooled in liquid air, 
they do no^ react with fluorine at —185°, neither 
is iodine displaced from iodides at this tempera¬ 
ture, nor gia.s8 corroded (Moissan and Dewar, 
ibid. 1897, 124, 1202-1205). If fluorine be 
passed into liquid oxygen, a flocculent precipi¬ 
tate collects, which deflt^ratos on rise of tem¬ 
perature. It is probably a hydrate of fluorine* 
as it is never obtained from perfectly drv* 
oxygen. r 

The majority of the metallic compounds 
of fluorine are easily fusible, and when ignited 
in a ourront of steam many of them are con- / 
verted into the corresponding oxides, whilst > 
hydrofluoric acid is formed. The fluorides of / 
silver and tin are easily soluble in water, whilei 
those of sodium, potassium, and iron bi« 0 fi 3 y~ 
sparingly soluble. They ore all decomposed by 
sulphuric acid when heated, with evmation of 
hy^fiuoric acid, but nitric does not so easily 
attack them. Heated in a current of ohhwipfi, 
they are all decomposed with formation of 
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ooiresponding chlorides. Solutions of the solnble i 
fluorioes corrode gla^, and they give no ^eci* ’ 
pitata with silver nitrate, as the fluoride of 
silver is soluble. Lead, barium, magnesium, ! 
and calcium salts produce insoluble precipitates. 
The precipitate ot calcium fluoride is so trans- ‘ 
parent as to bo perceived with difliculty, but is 
rendered more opaque by heating. 

Many metallic fluorides combine with hydro¬ 
fluoric acid and form compounds obtainable in 
crystals soluble m water. The double fluor¬ 
ides of the alkali-metals with the fluorides of 
the oloi^tro-negative metals which form acids 
with oxygen may bo obtained with facility, and 
are analogous in <-ompositi<>n to the double 
fluoride of liydrogen and jjotassium. They are 
all doeompoHcd by su!phuri<! ac’id, yielding 
hydrofluoric acid and a sulphate. A mixture ol 
hydrofluoric ucid and nitru^ acid dissolves silica 
which has not Ihumi pr<;\!ously ignitotl, but the 
mixture has no action on gold or }>latinum. 

The alofutc icciqhi of fluornte. —With m»t- 
ablc exceptions, all tlu! di'torminatioiiB of the 
atomic weight of fluorine involve the, conversion 
of fluorides of varK>UH metals into the corre- 
Bjionding suljihalf's, the fluoride most commonly 
employed being tliat of calcium, winch was used 
in some cosew in tiic form of a \ cry pu rc 11 uorsj>ar. 

Berzelius (Boggcndorlfii Aniialeii, 182(), 
8, 1), Jjouyet (Anil. (’him. lS4fl. 13) 25, 25)5), 
Dumas (Annalcn, IHflO, 28, 113), Do Luca 
(Oompt. ren<l. I8fl0, 51, 21)5)), and Moissan 
{ibifJ. 185)0, 111, 570 572) all made use of this 
method, the average weight of calcium sulphate 
obtained from one jiart of fluoride ocing 
l'7444=t0'00018 gram, winch give's 18'95)5> as 
the atomic weight of fluorine. 

Louyot, by the conversion of lead fluoride , 
rinto lo^ sulpliatc, obtained the value JD'Ol ; 
Moissan, working with barium fluoride, obtained 
the value 1002. Journos, Louyei, and Moisson . 
(('ompt. rend. 1890, 111, 570-572) also worked 
Mrith sodium fluoride, the results by this method 
being uniformly higher, viz. 1908, lOOft, and 
1907 roepcctively. Values were also obtained 
by Dumas and Moissan from the conversion of 
potassium fluoride into potassium sulphate. 

An exceptional method was employed by 
Christensen (J. pr. (’hem. 1880, [2) 34, 41-40), 
who took advantage of the decomposition of 
ammonium manganifiuoride (Nl£«),MnFg to 
measure the atomic weight of flyorine. 'J'bo 
manganifluoridc was treated with potassium 
iodioe. one molecule of the former, on acidifica¬ 
tion with hydrochloric acid, liberating a mole- 
oulo of iodine, which was then titrated with 
standard sodium tliiosulphato solution. In the 
first series of experiments, he obtained the 
value F=al9*(K). and in the second (J. pr. Chem. 
1887, [2] 36, 541-559) F=18-99. 

Moyer (Zoitsch. anorg. Chem. 1903, 30, 313- 
324) compared the results of those previous 
investigations, criticising both the suitanility of 
tlie methods and the purity of the matorials 
employed. To the latter cause ho mainly 
attributed the ducrepancics in the values ob¬ 
tain^ He therefore started with pure am¬ 
monium carbonate and calcium nitrate, oon- 
vorted the calcium ciurboDate so obtained into 
iriakod and converted into 
eUoride, and passed finally to fluoride by evapo- 
tniAou of the chloride specially punned 


hydrofluoric acid. As tho mean of 5 deteimina- 
tions, he obtained the value F>s 19*038, error 
dbO'00149. The general mean of all tho deter¬ 
minations agrees well with tho results of Chris¬ 
tensen and Meyer, if all tho values are re¬ 
calculated with the most recent atomic weights 
{F. W. Olarke, Recalculation of Atomic Wei^ts, 
1910). The mean value for the atomic weight 
of fluorine is 10*041 d: 0*00135 i the recalculated 
results of ChriHtcnHcn give an average value of 
15)*03H, and those r»f Meyer 19'036. 

Additional conlinnation of Christensen's 
value is obtained fioin the fact that tho atomic 
weight of niangan(*a(‘, Mn~54*5)33, calculated 
from his <lata, agrees well with that obtained 
by Baxter and Jliiies (.1. Amcr. (Miorn. Soe. 1900, 
28, 15()0). 

Smltli and van Haagen find 19'002. Moles 
and Ihvtuecas (.iourn. ('him. I’hys. 1919, 17, 
538), by delerinimng the weight of a normal 
litre of methyl fluoride, find F--18*99(). 

(of JitwriiK 7vUh the other halogene. 
—Fhionuc is by far the most energetic inomber 
of tlio halogen family, and, as is fjvquently the 
case with the first iricmbor of u series, it posHosaes 
very (Ustuietive jiiojierties. Moissan has pointed 
out (Bull yoe. elum. 1892, [3] 5, 880-885) tliat 
in certain of its relations, it remolidy resembles 
oxygen ratlier than chloniu*. 'J’lius carbon 
readily takc^ fire and burns in it (Moissan, 
Commit, rend. 1H90, 110, 270-279). Calcium 
fluoride is very dilTcrcnt fiom calcium chloride, 
rather resembling (lalcium oxide in solubility. 
Silver fluoride is also anomalous, being easily 
soluble in water, wliile aluniinium fluoride is 
much le.ss easily hydrolysed than is the chloride. 

Fluorine, comjiounds with the non-metals 
ore uniformly more volatile than the chlorine 
compounds, but the nn'tallic fluorides usually 
require a higher temperature for fusion than do 
the other lialides. 

Th(i boiling-point of a hydrocarbon is in¬ 
creased on the average by 5“ by the substitution 
of fluorine for hydrogen, but it fluorine is intro¬ 
duced into a moletmle already containing halogen 
atoms, the boiling-point is lowered, the same 
behaviour being observed m tfao case of alde¬ 
hydes. In this respect, fluorine differs greatly 
from chlorine (Henry, Ree. trav. chim. 1897, 
16, 218-225; Moissan and Dewar, Chem. Soc. 

! Proc. 1897, 176). 

Hydrofluoric acid or Hydrogen fluoride HF. 
i Tho corrosive action of this compound on glass 
' was known to Schwanliardt of Nurembei^ as 
i early as the year 1070. Bchoelo, in 1771, firet 
I recognised that fluorsjiar is a compound of lime 
' and a peculiar acid, and ho prepared tho latt^ 
I in both the aqueous and gaseous forms by dis- 
i tilling in a tin retort. Priestley was tho first to 
1 collect the gas over mercury. It was z^arded 
j by Gay-Lussac and Thenom, in 1808, as an 
j oxygon compound. Ampere, however, in 1810, 
! point^ out its similarity to hydrochloric acid, 
I a view which was subsequently supported azul 
' confirmed by Davy and Berzehus. It was flsit 
obtained 1 % a pure state by Gore in 1868. 

Its volumetric composirion can be slu^fm 
either by electrolysing the acid and ooUeotiDg 
and mz^uring the uberated hydrogen and 
oxygen, or by allowing a measure volume d 
fluorine to act on water, titrating the acid 
formed, and measuring tho oxygen. In both 
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cases, after allowiug for the contniction in the 
volume of oxygen, due to formation of ozone, 
the results show that hydrogen fluoride is formed 
by the union of equal volumes of hydrogen and 
fluorine (Moissan, Compt. rend. 19(K), 130, 544- 
548 ; cf. mol. wt., Gore, below). | 

The anhydrous acid is beet prenared from 1 
the double niiorido of potussium ana hydrogen, i 
as previously described. Frciny obtained the ! 
anhydrous acid by d<;(‘(>ni{K>sing lead fluoride 
with <iry liydrogcn. 

Anhydrous hydrofluoric acid is a colour](?ss, 
mobile liquid of density ()’I)H70 (Gore). It boils 
ut lSb4*’, and solidifii's ut - l(>2'r»^’ to a while 
crystalline transpaient riuuss, be(;oniing wJiite 
and opa((ue ut a biwiu’ Uoup('ta.tun‘, and melts 
at -02‘3“ (Olsziiwski, Monatsli. ISHfl, 7, 371- 
374). Its vapour tension ut ir)'r)“ Is equal i<i a 
prossurti of 7'r)H lbs. p<‘r square inch. The 
anhydrous Hci<l diu^s no(. attack glass even if left 
in eontact witli it for wis*ks : but if lJu‘ least 
trace of moisture be, j)i<‘seiit, this action is 
apparent ut once, 'riic acid has hi tie net ion 
on the metalloids and the noble nu'tais, and 
below 20*’ t!u' other metals are not atlaeki'd. 
Basic oxides unite lemlily with it, some of them 
dissolving ; on jieroxides it has no ellect. 

J'otoasium, wlien thrown into tlie anhydrous 
acid, decomposes it witli explosion. It eom- 
bines eagerly with pliosphorie and sulphuric 
anhydrides, with evolution of great lieat, in this 
rcepoot resombliiig wate-r, aiul not its niori' ob¬ 
vious analogue, hydroehlone acid. It also eorn- 
binee energetically with the lluoridcw of potas¬ 
sium and sodium, just as water combines with 
tho oxides of tiieso metals. 

The anhydrous acid decomposes carbonates 
with olfervi'soeiice and witli tho formation of 
fluorides. Solid organic bodies immersed in it 
are for tho most part disintegrated. Gutta¬ 
percha, caoutchouc, and numerous gums and 
rosins dissolve to rial liquids. Guncotton, silk, 
paper, cotton wool, i^alico, &e., are converted 
into glutinous sulmtances, and generally dis¬ 
solve. Wood spirit, alcohol, and other, but not 
boozeno, mix witli it. and oil of turiientino, when 
mixed with it, forms a red liquiif (Gore, Proc. 
Roy. Soc. 17, 25(1). , 

Hydrogen fluoride, at a wliito heat, convei-ts ' 
aluminium oxide into tho fluoride. Yttrium 
oxide and lantlianuin oxide arc converted into ' 
non-volatile fluorides. Finely divided (jjuartz is ; 
oompletely volatilised without the action of lioat; 
.with titanium, zirconium, columbium, and tanta¬ 
lum oxides a red heat is necessary (van Haagon ’ 
and Smith, <1. Amer. (3)om. Soc. iOll, 33.15^). 

The molecular weight of hydrogen fluoride 
has been a source of some controversy. Goro 
(Phil. Trans. 1800, 73) showed that the volume , 
of hydrogen fluoride gas obtained by tho action 
of hydrogen on silver fluoride was twice that of 
the hydrogen taken, the’‘measurements being 
made at Iw*^, but Mallet, weighing the gas at 
SO’d*^ in a large flask coated with paraflin. ob¬ 
tained a value for the density corresponding to 
a moleoular weight of 30*32, w'hieh ii^icatos the 
]Ai6lePalair formula H.Fj (Amer. Chem. J. 1881, 

l^rpe and Hambly (Ohein. Soo. Trans. 

1 WO, 163) fosad that the vapour density of hydro¬ 
gen fluoride varies rapidly with the ieraperaturo 
andapresaure. The following table gives the 


results of their experiments at temperatures 
varying between 2()'4" and 88*1'’:— 


Temperature : 

Pressure i 
mm. j 

V.O. 

alr>=l 

Mul. weight 

2(i-4 

745 

1*773 

S118 

27*8 

740 

1*712 

49-42 

29*2 

750 

1*578 j 

45-04 

32 0 

743 

1*377 i 

39-74 

33*1 

750 

1*321 1 

38-12 

33*8 

758 1 

1*270 1 

38-66 

3() 3 

739 1 

1*115 , 

32-20 

38*7 

751 : 

1*021 

29-46 

3!>*2 

743 

1 *1)02 ; 

28-94 

42*8 

741 

0*910 

26-26 

47*3 

745 

0*823 

23-76 

57-5 

750 

0*737 

21-28 

()i» 4 

740 

0-72(i 

20-96 

88*1 

741 

0*713 

20-58 


Tbe.'^c nuniberM show that the procosw of 
di.sa<K;iatuia <»f llie va])our of fiydrogon fluoride 
iH perlectly conliiiuouH. imd lliat there is no 
(liioct (“Videnee of the existence of a molecule 
corre.spoiubiig to it is also found that 

tiie vapour density is lowered by diiumiHbing tho 
prcHHun* of tile gas at a constant temperature. 
Tlui following table sliows the vapour density of 
liydrogen fluoridis iirulor varying pressures at 
the constant' temperature of ana 32'^ :— 


T(‘.iniK*r«t me 

PrcsMire 

imu 

V.l). 

air«»l 

Mul. weight 

32*0 

743 

1-377 

39-74 

32*2 

list) 

1 *239 

35-78 

31*8 

(►55 

1*177 

33-98 

32 0 

()03 

l-0(i8 

; 30-82 

32*5 

545 

0-963 

27-78 

32*3 

498 

0-920 

I 26-54 

31*9 

354 

0-797 

j 23-00 

32*3 

353 

0-789 

22-78 


Similar results wore obtained by mixing the 
hydrogen fluoride with air so as to lower the 
partial pressure of the gas. 

The anhydrous acid, on addition of water, is 
changed in sp.gr. from 0*988 to as much as 1*26, 
further dilution causing a r^uiar decrease in 
sp.gr. (For a table showing the relation between 
the sp.gr. and strength of hydrofluoric aoidj v. 
Winteler, Zeitsch. angew. Chem. 1902, 16, 33- 
34; J. Soc. Chem. Ind. 1902, 277.) The acid 
of sp.gr. 1*16 may be distilled unchanged; it 
boils at 120®, and contains about 30 to 38 p.o. of 
the anhydrous acid, but does not thus form a 
deiinitc hydrate; when allowed to evaporate 
over caustic lime in the air, the aqueous acid 
attains a constant composition containing 32*6 
p.c. of the anhydrous acid (Roscoe, Chem. Soo. 
Trans. 1801, 13, 102). 

According to Deusaen (Zeitsch. onorg. Chem. 
1900,49,297-300), a constant boiling mixture of 
boiling-point llT at 750 mm. pressure has a 
sp.gr. of 1*138 at 18® and contains 43*2 p.o. 
hyarofluoric acid by weight. 

Hydrogen fluoride gas is formed from its 
elements with great evenution of heat: 

H gas + F gas=*HF gas -f 87*6 cals. 

H gas -f F gas^ssHF (d4B8cdTed)+46'4 oais. 
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(Bertholut and MoisBan, Compt. i«nd. i889, 109, 
209). (For heat of dissolution, cf. Guntz, Bull. 

oMm. 18B4, 40, 54-57.) The dilution of 
aoid containing more than two moleculos of 
water does not produce a senHible evolution of 
heat, as does similar dilution of the other 
halogen acids (Guntz, Lc.) 

Hydrofluoric aoid is also uniqiui in that it 
uombmoe with its own salts with absorption of 
heat NaF+lIFAq. = -228 (Thomsen). 'Fho 
freezing-point of water is deprtesed by hydro¬ 
fluoric acid, and quantitative doterminatiuns 
point to the c.vistonco of inoleculo* of m 

solution (Abcgg, Fox, and Her/,, Zcitsch. anorg. 
Chem. 19d3, 129-147 ; J^it-crnd and IVra- 

toner, Ghem. Zontr. ISDl, 30i)). 

This vi(‘w IS supported by the fact tiiat the 
lioat of dissociation of hydiolluonc acid is 
3550 cals., which is three times the coni'.sjKinding 
value for hydroclilorie acid, and is most easily 
oxplaiiUMl by assuming lli<‘ preUrmnary dis- 
soiuation H;{F2?=i2IIJ'' (Abcgg, Her. J9()0, 33, 
393 394), and further cvKh^iui* is obtained from 
the fact that by the ajiphcaticui of Ustwald’s 
basicity rule, the value for the basicity -—2*08. 
This observation is < onllnm-«l by m<*asuremcnts 
of spccilic ctmductIVity aft<T the addition of 
Muccessivt' ijuantitios of potassium, sodium, and 
ammonium hydroxides (JVlliin atul I'cgoraro, 
Zeitscli. Kloklroehom. 1907, 13, 021). Acid, 
containing 55 p.c. liydrogen tluoride, <rooh'<l to 
—45’’, is converted into .small truncated prisms, 
having the composition HFjH^O and molting at 
-35'’(MotzmT,(k)mpt. rend. 1894, 119,(582-(384). 
Other evidimeo a« to the existence of hydrates 
is derived from tlie relation of the speciiii^ con¬ 
ductivities of diU'erent solutions of hydrofluoric 
acid to the coiTesponaing concentrations. It is 
found that breaks in the curve obtained by 
ploUing tlieso valuee occur at concentrations of 
91 p.c., and between 51 and .55 p.c. corresponding 
to the hydrates 9HF, U^O, and HF.HaO {cf. 
Metzner, l.c. ; Hill and ,Sirkar, l*roc. Koy. Soc. 
1909, A, 83, 130-14K). 

The temperature coeflicient of conductivity 
for solutions containing less than 7*7 p.c. HF 
=!0'0125 end is constant. Hydrofluoric acid 
can be electrolysed with platinum as a positive 
electrode, the products being hydrogen, oxygen, 
and ozone, but with acid of 30 p.c. strength, 
the platinum is attacked. 

The dilute acid dissolves all the metals except 
platinum and some of the metals associated with 
it—gold, silver, lead, and mercury—with evolu¬ 
tion of hydrt^en. On this account, it is kept 
ill platinum vessels when concentrated, and 
in leaden or guttapercha vessels in the dilute 
form. 

Aqueous hydrofluoric acid may bo kept in 
glass bottles coated with a film of guttapercha 
as follows. Guttapercha is dissolved in carbon 
Sulphide and the solution put in a bottle, 
©very part of the interior of which must be 
brought in contact with the solution; th(‘ excess, 
if any, is then poured out, and the bottle laid 
aMde until the solvent has volatilised. Gaout- 
^ouc stoppers arc required (('hem. News, 49, 

On mixing one part of finely powdered and 
pure fluoapar with about twice its weight of 
Btnmg sulphuric acid, no evolution of gas 
tekes place at ordinary temiimraturee, but a 


transparent gelatinous mass is formed, and, on 
gently heating, dense and highly irritaUng 
fumes arise, somewhat similar to those pro¬ 
duced in the manufacture of hydrochloric acid ; 
CaF,,-l-S 04 Hj=S 04 Ca-l- 2 HF. For ordinary 
purposes, the decomposition is effected in a 
leaden retort, divided into two halves for con¬ 
venience in cleaning, which, when in use, are 
accurately fitted together by an overlapping 
grooved joint. The receiver may bo a leaden 
V-tuhe, blind at one end, and fitted by grinding 
at tlio other to the neck of the retort; the 
retort is heated on a sand-bath, and the acid is 
1 ‘ondcnscd in the receiver, which is surrounded 
by a freezing mixture. 

Acc<irding to Huff and Braun (Ber. 1914, 
47, (>4r»), it IS best to use tK> ]i.e. sulphuric acid. 
When 97 199 ji.c. is ustid, a yield of fK) p,o. of 
liydrolluonc acid is obtained ; this acid is of 
95-iKi p.c. stn'ngtli. When sulphuric acid 
containing a liigh percciitiigi* (50-410 p.O.) of 
! sulphur trioxide is used, the jiroduct consists of 
' fluoHjfiulphovic aciil: 

GiiF, i-JHSOj I 2SG:i-Ga8<)4+2F-SO,-OH 

first ohtaimMl b\ 'I’liorpo and Kirwan by the 
action of Inpnii liydrogen fluoride on liquid 
sulphur trio.xide (Ghcni. Soc. 'I'rans. 1892, 61, 
921). It is a thill colourk^ss liquid fuming in 
i the air and boiling at I02*9"(v. Fm’OEOSULl*HONlO 
i acid). 

'I’o jirepare tli<‘ aqueous solution on a large 
scale, a leaden retort, on the upper part of which 
a leaden liead can bo eemonted, is used; the 
nock of the retort fits mto tho side of a loodon 
receiver or chamber, m which is placed a baain 
of water. The acid vapours arc absorbed by the 
water, and air, with any excess of acid vapours, 
is conducted through an escape pipe into the 
atmosphere. 

'J’ho impure commercial acid may bo purified 
by passing an excess of hydrogen sulphide 
through the liquid, neutralising tho sulphuric 
and Kilicofiuorio acids present with pot^ium 
carbonate, then decanting and adding silver car¬ 
bonate to remove excess of hydrogen sulphide, 
filtering, distilling the filtrate from a leaden 
retort with a platinum receiver, and finally recti¬ 
fying. As m the case of fluorine itself, cimper 
can readily be employed as the raatoriad oi the 
containing vessels ((^oldschmiedt, Monatah. 
1907, 28. 297-298). 

Use of hydrofiuoric acid. —Tho chief use of 
this compound is in etching gla£». In maMi^ 
the graduations on a thermometer the tube is 
firet coated with engravers’ etching varnish; the 
divisions are then accuratelv traced with a fine* 
pointed instrument through the varnish. The 
tube is then plunged for a short time into^ a 
long tube (containing dilute hydrofluoric aoi^ 
when, after cleaning the thermometer tube, it 
will be found to be permanently engraved. If 
the engraving is done by the vapour of bydeo- 
I fluoric acid, tho tracings are white and opaque, 
i whereas if the liquid acid be employed, the lines 
. are transparent. 

1’faere lire throe processes in use for the pre¬ 
paration of opaque etchings on glass j viz. (a) 

■ the application ot solutions of acid fluoride of toe 
I alkaiu; (6) a mixture of fluorspar with sulphofio 
S aoid; and ((flhydrofluciric acid gas. Theimtirf 
these alwa3n9 conUuns unoombined hydrofluorie 
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as well ae an indiflforont salt aa shown in the 
following recipes •— 

— j. \L lil. 

.P’lns I 

Water . . 1001000 1000 1000 

Acid t)Otus8)uin : i j { 
lluonde . .■ 2501 — j — i — : — 

Sodium fluoride — — 40 250 ' — 

Aminoiuuiii fluoride j -- —[ — j -- I(K)0 

Alkali fluoride J -- S — — ' — 

Hydrochloric acid 250 —{ — 100-175, - 

Sulphuric acid - 1^ — 1 — ! 250 

(jlacial acelic ucul —1 50 — ' — 

Hutasaium Hul{)hato ; 140j — • — ' 200 — 

Ammouiuiii Kulphate j — —! — ' — 100 

, I i ^ I 

'J'ho firsl, of recijiCM jh reeonmieiided 

by'^ 'ru8ai6 du Alotliay and Mai-cehal; flic two 
under heading 11. by Siegwurt, and tiiose under 
heading HI. by d. 11. Miller. In pi^ieti<-e, how¬ 
ever, an acetic Hidiition of Nodiuni fluoride la 
inueh used, and j.s pr<'j)are(I by diHsolvmg 25 
lurtrt of Hodiiini carbonate cryNtuls in 5 paits of 
umiiig hydrolltiorie acid, and adding to ] hire 
of this Nolution after elarifying, 1 litre of glacial 
acetic acid. For light nhadcjs of etching, a isingle 
application of the acid in Kuflicient, but for 
ileejKir hIukIc.'S repeateil ajiphcatKms are ncees- 
sary, as is the eaae in etching landscajicx, &e., on 
gliws. An etched gliuss Hurfaeo viewed bv the 
microMcope has the ap]iearance of an aggregation 
of crystalH, lu’xagonal in shape, and ngreos with 
those of silicon-Hodium lUiorHlc, and m addition 
tlums are Hotne longer in shape, whieli much 
resonible those of silieon-ealeitim fluoride. Small 


( not attack the rubber (Sciionfeld, J. Soc. Cham. 
! Ind. 1901, 830; Brand, ibid. 1904. 265; Bidtd, 
: ibid. 1904, 620). 

Fluorides have also been used as preeerva- 
i tives for sweet wines and beer, sodium fluoride 
! having been put on the market for this purpose 
■ under the name ' Rcmarcol.’ 

Tests fur hydrofluoric acid .—For the detec* 
fion of this compound, its corrosive action on 
glass jH utilisetl. The compound suspected to 
contain a fluoride is jcdueed to powder and mois¬ 
tened with strong sulpJmric acid in a platinum or 
leaden capsule. A watcii-glass is thinly coated 
witii wax, and, after tracing some design with 
a sharp-pointed instrument, is inverted over the 
capsule. The capsule is then gently warmed 
and tlie watch-glass placed over it, a little water 
being put in to prevent the melting of the wax. 
On removing the watch-glass after a few minutes' 
oxposuie, and cleaning off the wax with a little 
(ul of turpentine, the parts ox])oaed will liave 
become etched if fluorine was present in the 
mixture. When Hie etching is very faint, a good 
plan i.s to Im'athc ujion it, which makes the 
markings more apparent. 

In tlu^ alwenei' of boron, this lest can bo 
marh' mon; dcheute by placing tlio suspected 
sub-stanee, mixed witli (juartz powder and a little 
magnesite, in a test-tube flUtxi with a cork, 
carrying a glass rod having a knob at iho lower 
end. This knob is jaunted black and a drop of 
water is jilaced on it. On adding <'onc. sulphuric 
acid to the mixture in tlie tube and warming 
cautiously, a white film will be seen if os little as 
O'l mgin of fluorine is jirwent (Daniel, Zoitsch. 
aiiorg^ Ohem. 1904, 38, 257). 

For tJic detection of fluorine in butter, the 


crystals tviv formed from coneentratod solutions, aiiueous jiortion from 50 grains of melted butter 
and the smaller the crystals the more deheate ' is treated with calcium chloride solution and a 
Is the etching. 'J’h(! strength of an etching small excess of sodium carbonato. The re¬ 
solution must be varied aeeonling to the com- suiting precipitate, consisting jirobably of borate, 
nound used, and regard must also be paid to the carbonate, phosphate, sulphate, and fluoride, is 
kind of glass to Im o])entted upon. The ajipli- ! extracted with acetic acid, ignited and heated on 
cation of gaseous liydrofluorie acid does not pro- a sand-bath witli sulphuric acid, under a waxed 
duco a uniform opacity, and is, therefore, not; watch-glass cooled by water on its upper 
suitable lor the proiluetion of ujiaque jilates surface for 2 hours. I mgm. of calcium 
{J. Soc. Chcin. Ind. 5, 6(59). ' fluoride will, under these circumstances, give 

It has been suggested that hydrofliiorie acid ' a distinct etching on glass (Hehner, Ana^t, 
should bo emnloyod in the purification of beet 1902, 27, 173-179). 

sugar, the alkalis j>rett('ut in the juice being j For methods of estimating fluorine t>. 
offoctually romoved by the a<ud, whilst the j Akalysis. 

organic inatler remains unaffected (cf. Verbicse, A gravimetric and volumetric estimation of 
J. Soc. Chom. Ind. 15HX), U>0). fluorine, depending upon Pisanfs method df 

AntisejAic pro-iH tiies of fluorine compounds .— J precipitation os thorium fluoride, has been 
W. Thompson found that the coinpouiulH of ' devised by Gooch and Kobayashi (Analyst, 
fluorine, such os hydrofluoric acid, the acid and : 1918, 360). 

neutral fluorides of sodium, potassium, and Silicon fluoride may be estimated by 
ammonium (as well as the fluosilicates of tliosc ' measurement, in a dry gas burette, of the 
bases), are efloi'tual os antiseptics. Free . volume of gaseous silicon fluoride produced by 
hydrofluoric acid retards the activity of yeast, the interaction of quartz, fluoride, and sulphurio 
5‘5 mgm. jior 100 (‘.c. of saccharine solution i acid (Oeltcl, IScitsch. anal. Chem. 1886, 25, 505; 
arresting fermentation. Potassium fluoride, up ' Hompel and Seboffier, ZoiUch. anoig. Chem. 
to the same strength, hbwever, augments it! 1899, 20, 1-11). 

(Effront, Bull. Soc. eJiim. 1891, [3] 5, 476-480). | Hydrefluoric acid may be estimated by the 
The free acid promotes the activity of diastase i amount of etching produced (Ost, Ber. 1893, 
by retarding lactic and butyric fermentations | 26, 151: Wislicenus. Zeitsch. angew. Chem, 
(Effront, ibid. 1891, 4. 337-339627-632; i 1901, 706; Leiiiigcr, Chem. Zeit. 1902, 26, 967; 

. 11^, 6,766-793), and its application in breweries I Woodman and Talbot, J. Amer.- Chem. Soo. 
Jun bim Boggoated (Just, J. Soc. Chem. Ind. j 1906,28, 1437-1443). 

I9tt| 131). Acid ammonium fluoride is ospeci-1 Fluorine in soluble fluoitdes can be esti* 
ally used for dkii^ecting rubber hose-{Mp^ in | mated volumotrically by taking ad vantage el the 
breweries, as it k a powerful antiseptic and does > fact that ferric fluoridi^ unlike fMiio chloride» 
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doee not liberate iodine from ikKiidee. The 
liquid is acidified with hydxtK^orio acid, mixed 
with a known excess of ferric chloride solution, 
then with excess of zinc iodide, allowed to 
remain in a closed vessel at 35°-40'* for half an 
hour, and the liberated iodine titrated with 
sodium thiosulphate solution (Knobloch, Chem. 
Zentr. 1894, ii. 533-534). 

For the estimation of fluorine in wine, a 
standard method has been worked out, as 
fluonno preservatives are so frequently used. 
100 c.c. of wine are made feebly alkaline with 
sodium liydroxido, silver nitrate is iwldod, so 
long as it pn>ducc!S a precipitate, and the solu¬ 
tion made up to 250 c.c. and filtcrcil. 2(K> c.c. 
of the filtrate aw treated with excess of sodium 
chloride, made uj) to 250 c.c. and left for 24 Iioui-s. 
175 c.c. of clear liquid are treated with 3-4 <'.e. 
2N-sodium carbonate solution and precipitated 
with a large excess of calcium chlon<le solution | 
and boiled for 5 iumutt«. 'J’lie precipitate is i 
collected Olid ignited and digested with 24 c.c. | 
of 3/2N-a(;etic acid until its w('ight is constant j 
within 5 milligrams. For each KM) c.c. of , 
washings, O’OOIC gram is added to correct for | 
solubility (F. P. Treadwell and Koth. Zeitsch. | 
anal. Cheni. 1904, 43, 409-500). For beer. ' 
a slight modification of Pcrdichl's nietlxxi ! 
(('hem. News, 1897,39, 79-180) has been recom- I 
mended. > 

Silicofluoric acid or UydrofluosiUc acid ' 
H 2 ^^iF«» This compound is jirepared by heat- , 
ing a mixture of sulpliuric acid and fluorspar, | 
sand, or powdered glass in a flask and pass- | 
ing the evolved silicon fluoride into water 
3SiF4d-2H20- .Si()2d-2(H,F2SiF4). The tube 
from which the fluoride; eHca|>c.s must dip into 
mercury at the bottom of tlie vo^ssel of water, 
othorwisc it would .soon be stopped up by the 
deposition of silica. Tlie bubbles of gas as they 
rise through the water an; decomposed, and a I 
gelatinous mass accumulates. Tlie solution ] 
of acid is strained through bnen to sejiaratc | 
the silica, and is then filtered and concentrated 
at a low temperature*. The acid is obtained more 
easily when requirt;d in quantity by dissolving 
silica in dilute hydrofluoric acid. The satu¬ 
rated solution fumes strongly, and has a vciy 
sour taste. It docs not att^k glass, but if 
allowed to evaporate on it the glass is attacked, 
especially on heating ; silicon fluoride is volati¬ 
lised, and the free liydroftuoric acid attacks the 
silica of the glass. The salts are balled siiico- 
fluorides or fluosilicatee, are generally soluble 
in water, and may be obtained well crystallised. 
The potassium salt is one of the least soluble 
salts of potassium, and the copjicr salt one of 
the most soluble of copper salts. Silicofluoric 
acid is Boinctimee employed as a test for 
potassium. 

Hydrofluosilicic acid reacts with potassium 
ferrocyanide, especially in boiling solution, 
forming a greenish liquid, which, on contact 
with air, deposits a precipitate of Prussian blue. 
The same reaction takes place with the ferri- 
cyanide, but in the absence of air (Materschek, 
Chem. Zeit 1901, 26, 168 ; 327). Calcareous 
stone surfacee can be hardened by means of a 
fiuosilicate of some metal which forms an in- 
oxide, such as magnesium, iduminium, 
OT lead, (^rbon dioxide is given off, and calcium 
fittoride^ sifica, and aiumina, or tlie carbonate of 



lead or magnesium fluoride, ate formed, and the 
surface rendered hard and insoluble (Kesder, 
Compt. rend. 1883, 96, 1317-1319), 

Fi>r modes of estimating hydro-fluosilioio 
acid V. Analysis. 

A7Ui«€ptic propffites. —The fluosilicatee pos¬ 
sess more powerful antiseptic propertiee than 
the fluorid(.«. They are not poisonous, possess 
no smell, and arc sparingly soluble in water. 
Ax they liave only a very slight alkaline taste, 
they may be enijiloyed for preserving food 
! without coiiiiiiuiiicating any Kiste to it. 

They liave been used in surgical operations, 
i A solution containing O'fil p.c. of ammonium 
' fluosilii'ate in not irritating to wounds, whilst it 
I possesges gi-eater antiso}iti<;; jiower for animal 
I tissues lliaii 1 jiart of mercuric chloride in 
' 1000 of water, which latter is a stronger solu¬ 
tion than that whicli can be generally em¬ 
ployed for surgical jmrjiosw without producing 
poisonou.s cfTects (Clicm. New.s, 50, 132) (i>. I)lS- 
INFKCTANTS). 

A solution of fr(;e hydrofluosilicic acid 
containing 2t> p.c. of the at;id, has been |)la<;ed on 
lh(* market under the name Keramvl ’ (Prior, 

Soc. Chetn. Ind. KM)9. 904). 

FLUOROCYCLENE A hydrocarbon 

obtained by lu'atmg act'iiajilithcno with lead 
oxide at 330°-340'’. ('rvstallises in small 
orange-yellow triclinic rhoiribohcdra, m.p. 396®— 
.397'' (Dziewonski and Saknarowski, Bor. 1918, 
51, 457). 

FLUOROFORM. A gan at ordinary tem- 
p('ralurm, 8ai<l to Ic obtained by heating a 
mixture of iodoform and silver fluoride (Valon- 
tmer and Sehwarz). 

FLUOROSULPHOKIC ACID FSO,;OH. 
b'irst prepared by Thorpe and Kirman (Chem. 
Soc. Trans. 1892, 61, 921) by the action of 
hydrogen fluoride on sulphur trioxide. Is a 
colourless mobile liquid which fumes in the air 
and boils with slight decomposition at 162*6®. Has 
a faint pungent smell, and has but little action 
, on the skin an<l feels greasy to the touch. It 
' slowly attacks gla'^s, more rapidly in presence 
of moist air. Is decomposed with almost ex¬ 
plosive violence by water, but the decomposition, 
as shown by 7'raube, is not complete, as equili¬ 
brium exists between sulphuric and hydro¬ 
fluoric acids on the one hand and fluoro- 
sulpfaon'c acid and water on the other in not 
too dilute aqueous solution (Traube and Reubke, 
Ber. 1921, 54 fB], 1618). For salts of fiuoro- 
sulphonic acid, see 'JYaube, Her. 1913, 46, 2626; 
Traube, Hoerenz, and Wunderlich, Bcr. 1919, 
52 IB], 1272. All the fluoiosulphonates are 
freely soluble in water with the exception of the 
nitron salt, which forms jiale green needles, m.p. 
225®. In presence of mineral acids they ate 
readily hydrolysed, but arc more stal^ in 
alkaline solution. With aqueous ammonia they 
yield aminosulphatefi^ 

! FLUOR SPAR, Fluor, or Fluorite. (Q«r. 
Flussspat ; Fr. Fluorine.) A common mineral 
composed of calcium fluoriule {(JJaFj), ciyatallisi ft g 
in the cubic system. It is frequently found as 
well'develofiea crystals, usually cubes, but 
occasionally as cKitahodra; interpenetrating 
twinned cubes are common. An important 
character Is the possession of perfect cl^Tagei 
pandlel to the faces of the octahedron. Rp.gr. 
3*18 ; hardnass 4 (the mineral can be scratc^M 
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with a knife). Tiio cryetak have a bright 
vitreouH luatre, and ai-c froquerxtly transparent; , 
they may bo oolouiioHH or various shades of 
purple, green, yellow, pink, Ac., the mineral 
displaying a very extensive ran^e of colour. 
Dull cleavage masses and massive material, 
sometimes quite comj>act or earthy, are of 
abundant occurrcuioe. i 

Tiie cause of Liu? colour of fluor-spar bus long j 
boon a subject of discussion, and altliougli not | 
yet deliuit<‘ly dctcrimned, it may, m some cascis | 
at least, Ik* ascribed to llie presence of traces ' 
of organic matter. Home crystals undergo a 
change in colour when exposed to sunlight; for 
example, ciu-laiti greens are ebaiigcd to purple. 
Changes in coltmr are also elloctod when the 
urystals an^ exposed to the eathodo rays, or to 
the rays enidted by radium salts. Many 
crystals are d<-eolonsed when heated to a 
Umiperaturc ranging Irotn 220" to 1100'. 'I’lio 
heating of tin- nnneial is usually aeeoirqmiiK-d 
by a bright pliosplioiesecnee (Iheriiio-luniim's- 
ceiice), violmit deen-pitation, an<l th(^ hheralioii 
of water and gasi^s (carlxm dioxide, carbon 
monoxide, hydrogen, nitrogen, argon, and 
oxygen). The water wliieh distils oil is soiiie- 
timos brown, and has a strong ‘ empyreiiinatic ’ 
odour; and it is on this aiicounl, togelluT with 
the fact that the muuTal is deroloriHed at a 
low tein[)i'rature, that the colour has been 
ascribed to organic matter. It must, howi-vor, 
be roinarkial that the waU-r and gases, and 
possibly also any organic matter present, are 
contained in the fluor-spar in vast numhei-s of 
cavities, usually of microscopic dimensions, but 
somctiuuui large enough to show a moving 
bubble when a crystal is turned about in the 
hand. A remarkable phenomenon, sometimes 
associated with tlu^ colour of fluor-spar, is that 
of fluonisconce; this is htvit displayed by 
certain purple or green crystals from Weardale, 
(>o. Durham. A crystal, which by transmitted 
light is pinkisli orgrtsenisli, exliibitj^ when viewed 
in reflected light a rich jdum-blue coloui* with a 
velvety softnms whic.li lias the appearance of 
being diffused immediately beneath the surface 
of the eryatal This elTect is destroyed when 
the crystals are heated to 220" or IlOO". 


The name fluor, from the Latin fiuOf to flow, 
was used in the form Jiuorai lapideM by Gl. 
Agricola in 1529, and has reference to the use of 
this mineral as a flux in metallurgical operations. 
Within recent yehrs, its application in this 
direction has been very considerably extended, 
and now large amounts arc used in the manu¬ 
facture of iron and steel, chiefly in the basic 
oj>en-hoai'th process, and of ferrosilicon and 
feiTomanganmc. If not contaminated with too 
much silica {not over 3 or 4 p.c.), it acts better 
than limestone for fluxing ; hut it corrodes the 
furiiace-limngH, and the resulting slog contains 
loss soluble ])lio8pliatcs aMulablo for fertilisers. 
To some extent, fluor-.spar is also used in iron 
and briisH foundry-work, us it jiroducos a greater 
fluidity in the metal; in tlii! smelting of load-, 
copjier-, silver-, and gold-ores ; in thec-leetrolytic 
relining of aiitmionv and lend : and in extracting 
aliimmiiim from bauxite. Otln-r applications 
are in the ghuss and enamelling industries, and 
in the manufactiin' of opaline glass. In tho 
form of sand, the mineral is used as a binding 
material in ♦miery wlieels and oarbon-eh^ctrodes, 
and for mixing with mortar and eomont. 

Owing to its low refractive index 
(/X|,—I •433sr)) and weak (lis]»(‘isioii, clear and 
(^olourli'ss fluor spar is used with glass for the 
coristriK^tion of the a])ochfomatic lenses of 
1 microsciipe objectives, but material which is 
' perfectly isotropic ami sutticiently transparent 
I and free from colour is dillicult to obtain. 
(Jerman linns are said to have secured a supply 
from an unknown locality in 8w'itzerland; and 
then- IS a lino speuimen of clear colourless fluor¬ 
spar from jtrienz, Switzerland, m the mineral 
collection of tho Dritish Museum. A limited 
amount <jf suitable material can be obtained by 
(lecolorising by heat tlie clear purple fluorescent 
cubes from Weardale, C'o. Durham ; and small 
colourless cubes are abundant in the neighbour¬ 
hood of Matlock, Derbysliire. Suitable material 
in sufficient quantity is said to be found in 
Illinois ; and a very jiromising deposit has been 
prospected in the I’rensvoal, between Zeerust 
and ]\lafeking. Material suitable for optical 
use has also been obtained at Madoo in 
Ontario. 


Fluor-ajmr occum iindor a variety of con¬ 
ditions : in cavities m granite rocks, in veins of 
tin-ore, oecaHioiiallv os a cementing material in 
sandstone, and must abundantly as an associate 
of lead-ore in veins traversing limestone. Some 
of tho veins in limt'stone, consisting alnuxst en¬ 
tirely of pure massive fluor-spar, have a thick¬ 
ness of 20 feet. Tlui whole of tho production 
in England, amounting at the pi-esent time to 
about 40,000 tons per annum, is from north 
Derbyshire, and Weardale in Oo. Durham, where 
it IS obioinod chiefly os a by-product m lead- 
raining. Formerly, when there was little or no 
demand for fluor-spar, thifr mineral was thrown 
out on the waste hoa{)s ; and now that tho 
material is of value (10.«. to 2(ki. per ton), these 
extensive waste heaiw being workt-d over. 
A considerable amount, some 5th(M^ tons per 
annum, is mined in the United 8t>at«s, prlnci- 
wUy in soathem Illinois and western Kcn- 
tnc^. Ooriously, however, a large portion of 
the skglish flimr-spar is exported to America. 
Haulier are obtained in Bavaria, 

Haaumy, Fraaoe, and Spain. 


A special variety of fliior-sjiar, known as 
' bluo-jolin,’ for which the Tray Cliff cavern 
near ('lastleton m Derbyshire has long been 
famous, has In-en much used for fashioning 
vases and otiior small ornamental objects. 
Althougli occasionally used as a gem-stone on 
account of the delicate colouring, the mineral 
is much too soft for this purpose. Beads o£ 

; fluor-spar have been found amongst prehistoric 
i remains in North and South America. 

Being the only common mineral containing 
fluorine in largo amount (F 48 0 p.c.), fluor-spu 
is used for the preparation of hydrofluoric acid 
and other fluorine coinpoands. It is slightly 
soluble in hydrochloric acid and in solutions of 
alkali carbonates, and is readily decomposed by 
I sulphuric ociil even in tho cold {on thk depends 
I its lue for etching glass, a process in use long 
I before till- discovery of the element fluorine). 
Being almost the only substance not attackra 
by free fluorine, it was used by H. Moissan ^ the 
construction of his apparatus for riie istflafatm of 
this element. 

' JSe/ere^tces.—Hpeci^ Reports on the JCineiml 
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Rosouroee of Great Britain, Mem. GeoL Surrey, j 
1916, vol. iv. Fiuor-epar, Imp. Min. Ree. Bor. 
London, 1921. On the fluor-spar deposits of 
Derbyshire, see B. Wodd and G. C. Drabble, 
Trans. Inst. Mining Eng. 1908, vol. 35, 601 ; 
on th(»e of Weardale, see W. M. Egglestono, 
tom. cit. 230. On American deposits, see H. F. 
Bain, Bull. U.S. Geol. Survey, 1905, No. 256 ; 
E. O. Ulrich and W. S. T. Smith, Prof, l^aper, 
U.S. Geol. Survey, 1905. No. 36; H. IlicH, 
Economic Geology, New York, 1916. On the 
fluorescence, thermo-luinineaoe*nce, and lujuid 
and gaseous enclosures, sre 11. \V. Mouse. Proc. 
Amor. Acad. Sci. and Arts, 1906, vol. 41, p. 5H5 ; 
Blount and S<‘(iucira, Ghem Soe. Trans. 1919, 
115,706. L. J. S. 

FLUX. A term appUi^d in metallurgy to tin* 
material whieh is added to a ehargi* of ore for 
the purposes of coinbinnig with earthy or 
metallic impurities ami rcino\'nig them as slug, 
or to any subsianee winch is tluui at a high 
toinperaturo and protects tlie regulu.s from 
oxidation. 

All ores contain guugue. (‘itlier of an iieidic 
(silicious) or of a basic character, wliK’h, if the 
ore were subjccti'd to the action of a reducing 
agent alone, w’onld r(“tain a large proportion of 
the reduced metal ami also f<ni! the furnace. In 
order to remove Ihff gangm* ami tlie aceiiruulate-d 
impurities from the reduced metal, it is necessary 
to aild materials winch will coriibme with them 
to form a fusible slag 


soffioient to combine with all the basic oxides 
exo^t that which it is desired to reduce. 

Fluxes are of throe classes: 

(1) Addlo. Silica, as quartz, sand, Ac. 
I^atural ^icaies. ^tlictou^ slags. 

(2) Basic. Lime or UmesUme is the mwt 
important, being used in enormous quantities 
in iron smelting. 

Dolomite or magne.-iia is useful also, but is 
more expensive. 

Ctaij, claif-sUiif, &c., are largely used when 
tlic introduction of alumina is desirable. 

(3) Neutral. Fluor-spar. This should be 
frtic from copper pyrites, blend, and galena, and, 
if possibh*, from quartz. Derbyshire spar is the 
best. It fluxes sulphates of calcium, lead, 

, barium, calcium phosphab*, silica, silicates, &c., 

I with formation oi a very fusible slag. 

Roberts Austen (M<'talhirgy, 294) gives the 
following rules for the siioetion of fluxes to 
form a fusible silicati^ slag :— 

If the ganguc is silicious. two bases must be 
addoil, e.g. clay slate or argiiiatjoous limestone. 

If the ganguc is argillaceous, the a^ldition 
of one base, c.q. liimwtono, will BullitiC. 

When tlic ganguc is ba-sii! and contains two 
tnetallic oxide-s, the addition of quartz only is 
necesHary, but wlien it contains only one base, 
clay, silicious slag. A’c., must be added. 
FORCITE V Kxi*lo81\es. 

FORDIT. An explosive consisting of nitro¬ 
glycerin (24’G), collodion cotton (1*0), nitro- 


A distinction may be made betw'<'.(Mi the j toluene (34*0), flour (2*0), dextrin (2’0), glycerol 
fluxes which an* used for assaying and those j (5*5), ammonium nitrate (32*0), and potassium 
which are u.sed for smelting on a large scale, I clikmde 


though <‘Von among tlie latter tliere arc manv j 
ajKJCial fluxes, • .g. autiiiiimy glass {r. Antimon y), 1 
for details couciuTiing which the articles on tlie j 
oxtraotion of the several metals should be 
consulted. 

The more important fluxes used in assaying 
are: 

Sodium carbonate (or potassium carbonate, 
or a mixture of the two), whicli gives very fluid 
slags writh acidic ores, and acts also as desul¬ 
phurising tment. 

Borax fluxes with basic materials, forming 
readily fusible borates of the metals. Borax has 
a marked influence in increasing the fluidity of 
most slags. 

Fluonpar, used esjiecially with plioaphates, 
is a ‘ neutral ’ flux. , 

Litharge and Red lead are useful fluxes for 
oxides of iron or copper, &c. 

Potassium cyanide, which acts chiefly as u 
reducing agent, being converted into oyanate. 
(For further details, see art. Ass.vyino.) 

The fluxes iiscd on the large scale are few in 
number, as it is essential to the economic 
success of a process that the cost of slag-pro* 
ducing matenais should be as low as possible. 
An economy is frequently effected by mixing 
together in proper proportions an ore in which 
the gangoe is silicious in character with another 
containing basic impurities. In general, the 


FORGENIN. Trade name for ietramethyl 
ammonium formate. 

FORMAL t;. Synth KTio druos. 

FORMALDEHYDE (/wwte aldehyde, formol, 
meJhanal) CHjO. Discovered m 1867 by 
A. W. Hofmann as a product of the fiameles® 
combustion of methyl alcohol. A red-hot coil 
of jilatinura wire 8UH]>endo(I over methyl alcohol 
contained in a l>oaker, is kept red-hot so long as 
it is in contact with the mixture of air and 
methyl alcohol vaiiour, acting as a catalyst 
for the formation oi the formaldehyde 
CHjOH+O^^CHjO + HjO 
Hofmann succeeded in isolating a small quantity 
of formaldehyde by passing the mixture ot 
methyl alcohol vapour and air through a jdati- 
nura tube heated to dull redness. Armand 
Gautier passed the methyl alcohol vapours 
through a norizontal tube heated in a sulphur oath. 

Methods for preparing formaldehyde in 
larger quantities were devised by ToUens, Ix>ew, 
and Kablukow. Air was bubbled through 
methyl alcohol at 40® to 60®, and tho mixture ^ 
air and alcohol vapours passed over a spool of 
copper wire gauze 5 cm. long and inodCTately 
heated. The product was ooilocted as ^ 
aqueous solution in iFfiask on a water-bath, and 
the gases and uncondensed vapours 
to a receiver cooled by ice or water. TolVsns 
found that the yield deMnded largely <m 1^© 


charai^r of the fluxes to be used must be ; temperatuie of tho methju alcohol, and therrforw 
decided by the nature of tlie ore, the object j on the degree of saturation of tlm air with 
usnidly bi'ing so to arrange matters that the | alcohol: 
furiUM^ chaise shall contain basic amd silicious 
constituents m the proportions required to form 
a fusible doubU si^ate bontaiuing two bases. 

The proportion erf silica present should be 


Temp, of bath 

38®-44® 

46®-50® 


Yield of 0H,0 
17*95 
28*90 
31*15 
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TrUlat proposed the iimt method for the 
production of lormaldeliyde on a manufacturing 
« scale (Fr. Fat. 199019, 1889). His apparatus 
is shown in Fiir. 1. Crude or rectified methyl 
alcohol is heated in the copper vessel a of 
about 100 liticH capacity by passing steam 
througli the bottom compartment a. The 



alcohol vapoiifH iin' oarru^d away by tiu* copper 
pipe B with a i-omral pcrloratcd iiumth- 

piocc (', and isHuc from (he perforulions in form 
of a line spray. 'J’he mouthjiK'co pciu‘trat.cs a 
short distanco into tube i» of JO cm. diani<;lor 
and 1 in. length. Air can be aspirated through x 
at the conical end of i> as indicated hy the arrows. 
Flatiiiiscd asbestos is jilacial in the wiilencd part 
at E and heatcii by direct lire. Other contact 
substances winch were suggesti'd by Trillat arc 
cop|)er o.vide, retort caruon, porcelain, • coke, 


hrebrich, and the like. The method of working 
is as follows :— 

The tube is heated at e to a dull or bright 
red heat, according to the nature of the con¬ 
tact substance; the receiver, communicating 
with a vacuum pump, is then connected to y. 
The methyl alcohol is in the moan time brought 
, to boiling-point; and the vapours produi^, 

! forming a spray, are mixed with air drawn in 
' at X. The mixture rciacts on meeting the con¬ 
tact substance, whereby the alcohol is oxidised 
to formaldehyde. Tlio vapours contain water, 

' undccomposod methyl alcohol, and traces of 
formic and acetic acids. The products or© 
condensed or dissolved in water, and the solu¬ 
tion w rcdistillml to drive off the impurities. 
Trillat gave no statement of yields, but th(»© 
cannot have been very good, and his apparatus 
is therefore to-day only of historic interest. 
li formed, liowover, tlu' basis for the present 
procesHos. Instead of boiling the alcohol and 
subsequently mixing its vapours with air, later 
proc(*sKC‘s ilrive or draw air tJirough the methyl 
alcohol, kcjit at a (.emperaturo suitable for 
, saturation, and pass tiic mixture over the contact 
substances. 

M. K lur ami Schulze proposed tliointroduc- 
tion of the scrubbiu- principle for this operation 
((icr. ]*a(. J9t)4!)5). 'rhey Consider the largo 
OXCOS.S of alcohol over air obtained by the older 
method to be disadvantageous, and otherwise 


c 


R. 






Fio. 2. 


undesirable. At the samp time, there is too 1 
little control over the ratio of the mixture. ' 
They therefore employ a scrubber, made of 
mow or stoneware, into which they pass a 
hne spray of wood spirit through a rose. Air, 
which has provioittly been heated Idgh enough 
to obtain a mixture temperature of 45^-50°, 
is blown in at the bottom of the scrubber which 
may also be provided with a steam-jacket. By 
adjusting tht flow of alcohol and ^air,. the ratio 
of the mixture can bo varied to any desired 


extent. In order further to moderate the 
oxidation, the air is diluted with a certiw 
proportion of nitrogen obtained from the proem 
itself, with the result that a smaller d^ree M 
saturation of the air is required. They oUuiD 
advantages both in r^ard to the safety and 
the yield of their process. This process relates 
only to the preparation of the reacting mixture, 
but has no rmerenoe to Hie contut prooees 
proper. 

2 shows Uie formaldehyde jdant ol A 
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Froioh f«Jtbry (C6te d’Or), as described by 
A. Morel (J. Pharm. (^him. 1905, 21. 177). The 
principal unit is the oxidiscr, a metal cylinder c. 
fitted with copper tubes « in which the reaction 
takes place. Wood spirit is supplied {ix>m the 
tank R to the mixer m. constructed on the car¬ 
burettor principle, and is hero va|)onrisod by, 
and in snitablc proportions mixed with, air 
prcssecl in from rosorvmr A. The mixture reacts 
during its passage over copper liontacts placed in 
the oxidiser tubes b kept at an elevated tempera¬ 
ture. iSiglit holes permit «>f the obHen’’ation of 
colour and biniinosity, an<l cons(‘rpiently the 
temperature of the < (mtact zone. Tlie products 
arc carried ofT through a single pijie, and are 
condensed in cod i> surrounded by a current of 
water. The condensate, iKiing cru<l(5 formahle- 
hydo solution, runs into a receiver. 'I’he un- 
condensed vapour is cxtracti'd from the gasoii in 
three waslK^i-s, i,. 'Phe crude product is freed 
from methyl alcohol in a n'otifymg still. 


The modem planto for the manufacture of 
formaldehyde are built on the same lines, 
although greatly improved in some of the details, 
with the result of a greatly increased yield. In 
Fig. 3 a modern plant is shown. Oomprosaor 1 
aspirates air from the atmosphere and presses it 
into the air vessel 2, in which a constant pressure 
is kept. Methyl alcohol runs from tank 3 into 
Uk' earhiiratiou vessel 4. A heating arrange- 
ment IS placed in this apparatus which raises 
the temperatun* of the incoming air. This 
current of sir meets a llun stream of methyl 
alcohol, which also takcH up heat, ami a mixture 
of constant coinpo-sition is thereby formed. 
'Pliis entom tim oxidiser f). charged with the 
contact sulwtance, which usually conaists of 
copper gauze, but m aoiue cases silver or silver- 
coated copper gauze is used in prefownce. The 
products of reaction issuing from the oxidiser, 
whii'h consist of vapoure of formaldehyde, 
water, and the excess of nudliyl alcohol, na well 



os nitrogen and hydrogen, pass into a separator. 
G, in which, by a washing process, commercial 
formaldehyde (40 p.c. solution)—ao-called 
‘ formalin ’—is obtained, which is drawn off into 
the receiver 8, whilst methyl alcohol vapours 
are almost completely condensed in 7, whence 
they run into reservoir 12, and arc sent by 
pump 13 back into the feeding tank 3. The ! 
gases still contain some methyl alcohol, and are ' 
made to pass the washer 9 which extracts the 
last traces. This dilute alcoliol is concentrated 
in the continuously worldng rectifying still 10. 
The concentrated alcohol vapoura arc ^ain 
condensed in 11, and pumped back to 3. 

J. E. Orloff has dc8ign<^ an apparatus which 
in many of its details is not umike the above 
described. In Fig. 4 the ‘ carburettor,’ 4, 
consists of a vessel of 750 mm. diameter and 800 
mm. height chaiged with methyl alcohol, to 
about one-half its capacity, from an overhead 
tank, B, and fitted with copper steam coils, a. 
Air is aspirated through the methyl alcohol by 
means of a perforate pipe. The air-alcohol 
mixture then passes a ‘ dephlegmator,* <% 
fit^ with a st^m coil, r, any excoss alcohol 
l^ing allowed to dmn back into the carburettor. 
The mixture thus heated to the desired tempera¬ 
ture enters the oxidiser. This consists of a 
tubular vessel set at an angle of about 10® and 
containing 169 copper tubes of 19 mm. internal 
fuasieter. 2 mm. ^ckness, and 800 mm. length. 


arranged in seven concentric circles between two 
plat^ of 820 min. diameter, which are separated 
from tlio two cover plates by bronze rings of 
720 mm. int. diam. A steam coil is placed in 
the ring on the inlet side to heat the mixture, 
which enters through a pipe 50 mm. wide, A 
number of sight holes are provided in the front 
plate, and a conical exit pipe is connocted with 
the back ring. Glass tubes, 10 mm. wide, 
1*25 mm. thick, and 300 mm. long, are placed 
in the cupper tubes containing spools 120 mm« 
long, made of copjier gauze. ^ The gases after 
leaving the oxidiser arc passed through a scrubs 
bing column, s, 2000 mm. high from which the 
: formaldehyde solution is run off through a 
I water-cooled pipe, R. The gases are then led 
I through a cooling coil, o, and a smtdl scrubber, 

; B. for the removal of methyl alcohol vapour. 

I The condensate from the coil and the alcohol 
' solution from the scrubber are collected in 
sump K, and pum^veid back into the feed tank. 

I The gases leave the plant through a gas meter, 

I M, and the exhauster. The air may be aspirated 
; into the carburettor direct from the surroimdmg 
almosphert or through the oxidiser dram, 

I whereby it is preheated, and the catalyst 
I incidentally cooled. In order to start the work 
' of the oxidiser without the applicarion of 
external heat, Orloff employs ^ ignition piOs/ 

I made of platinised asbestos or numioe, close 
: to the catalyst. These initiate the action at 
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ordioary temperaiure when tho alcohol vapours i has to bo rectified after a quarter has been 
pass over them. When dispensing with external \ distilled off. The dephl^mator is kept at 
heating lie found that alcohol vapour of 90 p.o.; 53®-54*, whilst 42®-43'’ is sufficient when 
strengtli givoH fiatinfrtotory reeulte; this makes ' 100 p.c. alcohol vapour is used. The methyl 
it poHsible to distil the alcohol completely alcohol should not contain more than 1 p.c. 
witnout a rectifying column, whibt when working acetone. The ratio of the volume of exit gases 
with a vap<iur of 100 p.c. strength the alcolio! to the volume of air admitted should be 1*15: 1* 



on an average. An Hj)paiatuH of the size given 
oxidises 170 kgs, methyl alcohol in 10 hours, 
and the yield should be,1.^0-155 p.o. by weight 
of the alcohol emp)oy<*d, llie]_^ formaldehyde 
having a shengfh of 3H -39 p.e. 

In tl. r. ('alvort’s plant. (Eng. Eat. 8)4. 
1915), shown in l^g. 5. the carburettor consists 


of a rotary fan, a, of the annular blade typo, 
encased in a steam-jacket. The methyl alcohol 
is run on the rotor througli a sight f(‘od. Air. 
which may be preheated by a steam coil, is 
talom ill at n, and intimately mixed with 
alcohol in the fan. The mixture posse's through 
an o.xtemnlly liealcd oxidiser, b, which is pierced 



with vertical flattened cooling tubes, through 
which water or steam may be cirrulated in 
ctfder to keep down tiie teinueraturo. The 
reaction gases then pass tiirougn % horizontal 
cooling chamber, c, lilted with a nest of cooling 
tubes, through which a current of air passes. 
The saturator, d, follows as an extension of the 
cooling cbambei', and consists of«a horizontal 
tube of the same diameter fitted with a shaft 
carrying vanes revolving at a high speed. 


Formaldehyde solution is fed into the saturator 
from feed-tank K, and discharges into the tank 
r, from whicii it is circulated by pump a, and 
periodically drawn off when it has reached the 
desired strength. The waste gases leave tiie 
apparatus at Z. 

The bulk of the world’s production of for¬ 
maldehyde is made from methyl alcohot 
There have, however, been various proposals 
for the employment oi other raw premium 
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{or instAiiae» meth&ne or ethylene. The con- i 
version of fonnatw into formaldehyde by tiiormal 
deoompoaition has also been suggeetod, but no 
great eucoees has been obtained with tlie 
industrial ajiplication of any of thiwrs methods 
{see Hofmann and Scliibsled, Her. I1>1H, 51. 
1398). 

W. A. Bone has shown tbei forniahhdiyde ' 
is formed os an intermodmtt' prodm-t in the 
combustion of hy<lrot arbonH, wliieh ho regards 
as a process of hydroxylation and Hoi.ssiou of 
water inolerulw. The industrial ajipln-ation of 
partial coinbuHtion up to t.h<« stage of fonuulde- 
bydo formation olf<»rs, therefore, a promising 
problem, (.dock (tier. l‘at. 109014) suggestH 
the oxidation of methane, or mixtures lain 
taining methane, by oxygen in the jireweiiee of 
copper, ])unnco or asbestos as a eatalyst. 
Mothano is mixed with nu equal volume of air 
and passed through a tube tilled wit h granulatfMl 
copper hoatod to t>0(t The produets are cooled, 
washed with water, mixed with an equal volume 
of air, and again passed through a sia-ond tube 
with contact substance, and this jiroeess is 
repeated until all imdbano is oxidised. 'I’lie- 
first tube is kept hot by the ri'action. the others 
require external heating. J. (iniszkiewicz pro¬ 
poses, in Austr. I’at. ‘ItititKl, to hum methane, or 
natural gas rich in met hane, with air insunicient 
for compioto eoinbnetion, and to utilise the 
catalytic xiroperty of the soot, thereby pro¬ 
duced, for ctleoting the oxidation to formalde¬ 
hyde. The gases jh'ocIucihI by tlio checked 
combustion are passed rapidly tlirough a 
chamber fitt.od with bafllle plates, for the removal 
of the soot, and are linally scruhlx'd with 
water, for the extraction of the formaldehyde 
produced. According to the inventor’s claim, 
the carbon produced forms a valuable by¬ 
product. (k Fernckes, in U.S. Pats. 1038546 
and 1038547, also proposes the production of 
formaldehyde from natural gas by partial com¬ 
bustion with air in baffled flames and cooling 
products. 

The V'erein f. ehein. Ind. ((Jer. Pat. 280731) 
employs a gas mixture consisting of about 
3 parts methane and 100 parts moist air, and 
conducts tliis mixture in a closed system over 
a contact substance such as cojiper or silver, or 
both, at a temperature of 150 -200®, when a 
portion of the mothano is converted into 
lorraaldehyde. » 

Since acetaldehyde is produced from acety 
lene with mercury as catalyst, it is possible that 
wet methods carried out on similar lines may 
ivo better results in the formation of formalde- 
yde than direct atmospheric combustion, 
rtydroffcn peroxide, or, according to Lang o and 
Elworthy’s Fr. Pat. 352687, eleotrolytically 
produced persulphuric acid, have been suggested 
os oxidising agents in the production of formalde¬ 
hyde from alcohol. 

Theory of the catalytic process. After the 
early work of Hofmann, Tollens, Loew, Kablu- 
kow, the subject was closely investigated by 
Trillat, who published these Te6earohe.»i in his 
hook ‘ Oxydation des AIcools par Taction de 
contact.’ 

He studied the influence of varying tempera- 
tores, proportion of air and of water, and of 
<«fferent contact substances, on the oxidation 
I*w>oeii8. His conclusions were partly incorrect. 


particularly with regard to toe proportion of 
water vapour to methyl alcohol, which he, in 
contradUtinciion to oilier investigators, did not 
consider injurious. 

d. E. Orloff, in a series of papers in the 
Journal of the Russian t’hemioa! Society 
(sex' also his * Formaldchyd,’ i.^psic, 1909), 
nsKumed the main reaction to lie ; 

i (),-2(Ula0-f-2H20 

with a seeomJarv ovuialioii to formic acid and 
carbon dioxide, and j-arbon monoxiiie and water. 
No tra<-cs of forimi’ acid could, however, be 
found, but always hyilrogen. mul ho therefore 
suggc.st(*d a [Hirtial dc<'ompoHition : 

(.'HaO-dU I- H, 

(^0 }-() -ro.. 

If.^ f (> H/> 

'L'lic main reaction is not in accordance with 
th<‘ facts established by Ijialieff and by Sabatier 
and Senderens, who luul proved the catalytic 
decoinpoHitioii of alcohols into*aldehydes and 
hyilrogeii generally, with eopnor as catalyst. 
M. Le Bliuie and K. Plaschko (Zeitseh, Klektro- 
chein. 1911, 17, 45) have c»ital>lishod that the 
formation of formahhdiyde is <iuo not to oxida¬ 
tion, but to catalytic dehydrogenation of methyl 
alcohol. 'The activity of fresldy reductnl copper 
or silver dci-reases rajudly unless air is intro¬ 
duced with consequent temporary oxidation of 
the metal. 'This is again reduced at the expense 
of alcohol and possibly aldehyde. An undeairable 
secondary reaction is the decomposition of 
formaldehyde* into hydrogen and carbon mon¬ 
oxide. 'TIk' yield is depcndiuit upon the tempera¬ 
ture of the contacd- body, the ratio of alcohol to 
air or oxygen, and the surface of the contact 
body. 'The highest yield waff 58 p.c., and the 
lowest loss of destroyed alcohol 12 p.c. 

M. 1). Thomas (J. Am. Chom. I^oc. 1920, 42, 
867) confirms T.*o Blanc and J’laschko’s work, 
but obtained rather higher yields. I'he absolute 
yitdds with silver, copjxjr, and gold were 95*0 p.c., 
90 5 p.c., an<l 88'5 respectively, corn^pondinfl 
to process yields of 55'6 p.c., 60*5 p.c., ana 
40 p.c. A reaction mixture containing 0’4 to 
, 0'.5 gram of oxygon per gram of alcohol gave 
the best results with silver, whilst copper 
required 0*55 to 0’05 gram of oxygen. 

CaVily-^th .—In the early attempts to produce 
formaldehyde, platinum wire, platinum sponge, 
or platinised asbestos were mostly employed as 
catalytic bodies, and these are still us^ in tl» 
familiar type of formaldehyde lamp for disin- 
, footing rooms {e.g. Sehlichtor, Eng. Pat. 401, 
i 1887). 

In most of the industrial plante copper, in 
' the form of fine wire gauze, has been employed 
: until recently. A number of other catalysts, 

' such as copper fllings, copper-coated asbestos, 
‘ fire-brick, coke or sharcoal, vanadium oxide, 

! silver, and metals of the platinum group have 
' been proTKised from time to time. 8. Foldn 
1 (J. Russ. Phys. Ohem. Soc. 1913, 45, 286) 
studied tl^ effect of different catalysts on 
mixtures of methyl alcohol vapour and air, and 
! found their activity to be in the following order: 
j Co 2*8, Ni 1*08, Ai 1*6, Mn 2*01, Pt On 
f 4.3-47, Ag 64-66, Au 71, and Cn+Ag 84 p.o. 
; of the theory. In other comparative experi- 
: ments Fokin found the order of efficiency to 
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bo Au<^Cu<^Ag, and he nssumos as probable < 
the formation of labile oxides. I 

On the other liand, Lo Blanc and Idaschke; 
il.c.) found in their researches tiiat the catalytic ! 
effect of silver was not appreciably superior to ■ 
that of copper. In a nuinlMT of patents, how¬ 
ever, a greatly improved (dlicicncy is claimed 
for silver as catalyst (Blank, Oit. Bat. 22S(;y7 ; 
Kusiiezow, U.S. Jhit. 10(*7(»()r> ; Boiiliard, 
I'V. J*at. 412501 ; 11. von |{o<hstett(!r und 

Jlolzvorkohlungs, Ind. A. CJ. Eng. Bat. 4(i4, 
1014; U.«. Bats. 1100070 and 11102H0), who' 
employ as catalyst mct^vl coiiplc.s particularly 
fi£ metals of the [ilatiniim group and silver claim 
for these highly increased yields. These couples 
must not be in the form of alloyH, but in 
mechanical combination. Jn cflect, tins arrange¬ 
ment has beiMi iisi-d in all cases when* several ! 
motals have entered in(.o the construction of a; 
formaldehyde lamp or oxidiscr using a [ilatiuuin : 
calal^t. 1 

lieldn. —Th<i yh’h! of formahhdivde from a 
given (juantitya of methyl alcoliol may vary . 
within very wide limita and never roachca the 
tlieoi’etical value of the ecjuation 

OHgOJl+O- -CHA>+ U.O 

'I’ho yield depends on tlie purity of the methyl 
alcohol and air, th(i ratio of tlio mixture, the 
catalyst employed, its surface, temperature, and 
length, the velocity of the gases »>ver it and. 
thenifore. the time-contaiit, the rapidity of 
cooling of the gases, and, fmally, tlie completc:- 
ness of extraction of formaldehyde and methyl 
alcohol vapour from tlie exit gasi's. The j 
actual loss is causisl by dcs-omposition of aleoliol 
into 0(>2, (h>, and 11..0. A eerlain amount of 
methyl alcohol must pass tlirough the syslem 
iindecomposed. A ])ortioii of tins is left m the 
final product, whilst the balance can be recovered 
alincwt completely m an oltieient plant. A yield [ 
of 150-ltiO par(.H 40 p.c. formaldehyde solution j 
from lot) parts methyl alochol may be ii'ganled i 
os normal, although yields up to 175 p.e. have ^ 
boon obtained from specially puriliea alcohol ' 
and under particularly favourable conditions ^ 
of supervision and working The apparent i 
increase in weight is due lo the addition of 
water as the solvent. 

The ‘40 p.e. formahh'hyde ’ of commerce i 
contains 40 grams ner 100 c.c. and has, therefore, ' 
a true strength of only 2() p.c. Jt is in fact 
usually weaker. The article required by the 
British IMiarmaeopooia contains not less lAian i 
36, and not more than 38 grams OHjO jier' 
100 0 . 0 . and has a sjieeilic gravity of 1*080. ; 

On keeping, formaldehyde is converted by 
polymerisation into diformaldchyde and trioxy- ■ 
methylene, causing cloudiness and dejiosits in | 
solution. To prevent this a certain percentage ! 
of methyl aleoliol is loft in the product., which • 
may, for instance, have tilic following compos)-} 
tion: 36 p.o. formaldehyde, 12 p.c. methyl 
alcohol, 52 p.c. water. i 

Formald^yde is a gas of characteristic 
smoU which, on cooling, condonscerto a liquid 
ol bjp. *^311® Mxd of Bp.gr. 0*8153 at -20® or' 
0*91« ftt —80®, Liquid formaldehyde changes 

at >r80® ToadUy into a solid modification ; tbo 
mudSbAg^poinl ol monomdoculaT OH^O is —92®. 
yimgt AMorbe up to 52 p.c. foimaldebydo; the ! 
fvvably prepared conceufTatwl eofution, which / 


has a pungent smell and strong irritant actiem 
on the mucous mombranes, contains diformaldo* 
hyde or ‘methylcnoglycol CHjCOH)*, which 
changes into formaldehyde on standing. Dilute 
solutions contain the monomolecular form 
CH^O, and do not undergo any change when 
kept m cloned vcssols. But on concentrating 
tlie solution in a dcsieeutor or by evaporation, 
polymerisation takes place, flocculent masses of 
((’JLOl^lf>0 (7? -0 to 8) being precipitated, 
which form the commercial paraformaldehyde. 

The specific gravity of commercial formalde* 
hyde solutions freed from methyl alcohol were 
determined by W. A. Davis (.J, Soc. Chom. Ind. 
1807, If), 502). 


Spec. gmv. 

P.c. CllnO 

Grams Cl 

at OO'^ B. 

by weight 

poi 100 ( 

1*005 

2 

2*0 

1*010 

4 

4*0 

1*015 

() 

6*1 

1*020 

8 

8*2 

1 *025 

10 

10*25 

1*030 

12 

12*4 

1*038 

15 

15-6 

1-053 

20 

2M 

1*064 

24 

25-5 

1*076 

28 

30*1 

1*083 

30 

32f» 

1 *087 

31 

33-7 

1 *01)2 

32 

34*9 

1 -006 

33 

30*2 

1*100 

34 

37*4 

1*104 

35 

38*6 

1*101) 

36 

39*9 

1*113 

37 

41*2 

1*117 

38 

42*5 

1*121 

39 

43*7 

1*125 

40 

45*0 


The aqueous solution precipitates from an 
ammoniaeal silver solution a sjiecuJar deposit 
of eilver, and, on treatment with hydrogen 
sulphide, yields crystals of trithiomothyleno 
{CHjSla (Hofmann, Annalcn, 145, 360). On 
heating formaldehyde with a dilute solution of 
sodium hydroxide, formi<‘. acid and methyl 
al(!ohol are produced. Witli concentrated 
sodium hydroxide solution and a little Cu^O, 
formic acid is produced at ordinary temperature. 
tU!(5ompanicd by violent evolution of hydrogen 
(Loew). Formaldehyde readily combines with 
ammonia to form the monacid base hejcamfihyi- 
cnctetramin^t according to the equation: 

6CH,0+4NH3=N,(CH,)8+6H80. 

As this reaction takes place even in dilute solu* 
tion, it forms a convenient method for the 
titriraotric determination of formaldehyde (Butle- 
row, Annalen, 115, 322 ; I.#egle.r, Bor. 16, 1333 ; 
Loew, J. pr. Cliem. 1886,33,326). It crystalliaea 
from alcohol in rhombohedra, is very soluble 
in water and alcohol, and insoluble in etbor. 

Formaldehyde condenses with aniline \dth 
loss of water to nnhydroformaUehydtaniUw 
CHaO-l-0,H5NHj=C,HsN: CH,-f H,0 

On heating formaldehyde with a elution of 
ammonium sulphate, iH'iMthylamine avlphaU is 
formed, whereby one-third is oxidised to 00. 
(PlSchl. Ber. 21,-2117). CH,0,NaHSO„HiO i 
formed by adding NaHSO^ and ^eohol to 
formaldehyde solution; this is readily soluble 
in water and methyl *!coboI, less SMUl^. 
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ethyl alcohol. By the action of hydn^eo 
chloride on formaldehyde, Tischtechenko ob- 
taiaed dichiorotnelhtjl eihcr and water. 'Losekann 
obtained, by tho same treatment, oxyctdoro- 
methyl ethers which further yielded monocidoro- 
mdhyl alcohol (Ber. 25, 92). By careful treat* 
raent with bases such os calcium hydroxide or 
lead oxide, formaldehyde may bo polymerised 
into a mixt\iro of saccharine substances. By 
continued boiling of such a solution with t in, 
isofonnose is obtained; treatment with lime 
water yields a-naosc 

Ji lormaldchydo solution is coiiccntratod in 
the presence of dehydrating agents, it jioly- 
merises to lrioxynidhi/lenr. ((‘JI.U)a, a erystallmo 
mass fusing at 171’-172'', but subliming la^Iow 
lOO®; insoluble in watci, ahohoj, or ether at 
ordinary tenipemture, but soluble in water 
when heated tt) 130', when it ajipears to bo 
converted into forinaldehy<le or jiaraformalde- 
hyde {Tollons and Mayer, Her. 21. 3504). Wiien 
trioxynicthyleno is volatiliHe<l, it dissociates 
completely into formaldehvJo (v.d. 15‘3, Hof¬ 
mann). \Vlien biuled witli bmo water, it yields 
formic acid and an aiuorplioiis sai'cliarme sub¬ 
stance, mdhijUinlait (Butlerow, Annalen, 120, 
295). 

When dny trioxyniethyleno is heated in a 
sealed tube with traces of suljiliuric acid at 115'', 
it is conv(“rted into the isomenc a-trioxyuietliyl- 
cno (CHaO)^, which cryskillises in needles, 
melts at OO'-Ol’', and sublimes at onhiiary 
temperature, and is soluble in waU-r, aieohol, 
and ether tPratosi. Gazz. chini. ital. 14, 139). 

Auerbach and Bai-schnll (Arb. Kais. Gesundh. 
Amt. 27, jiart 1) claim to liave ewlablishod tho 
identity of six individual ]K)lymeridea ; para¬ 
formaldehyde (GHnO),i [- H four polyoxy- 
methylcnoH (CH.^O)„ and a-trioxymctiiylene 
(CaHjOa) of ring structure, characAerised by 
their form (amorphous, colloidal, indeliiiitc 
crystals, delinito crystals, and well-developed 
crystals), melting-point, Holubihty, &.o. 

Formaldehyde is capable of reacting with 
practically any class or t)rgani<-, and a large 
number of inorganic, substances, and forms 
numerous cond(;asatiou jiroduets. It reacts 
with hydrocarbons, carbohydrate.s, aldehydes, 
and ketones, carboxylic, oxy- and keto- acids 
and their e8tei*8, phenols, oxyaldchydes, gallic 
and tannic acid, amines, ammonia, liydrocyanic 
-acid, hydrazines, hydroxylamine, Mrt^a, uric 
acid, guanidine, the proteins, nitro compounds, 
quinoline, pyridine, and sulphur com])ound8. 

• Ito formation plays an important part in the 
assimilation of carbon dioxide by chlorophyll- 
containi^ plants (Baever, Bach, Loeb, D^16- 
pine). For the synthesis of formaldehyde and 
carbohydrates from carbon dioxide and water 
by pbotocatalysis, see Baly, Heilbron, and 
Barker, Chem. Soc. Trans. 1921, 119, 1026). 

Mradylis gutnmifera contains an active 
glaoosidal principle, airaetilin, which with 2 
or 3 drops of concentrated suljihuric acid gives a 
yellow coloration, changing to violet and bright 
wue if treated with I trace of formaldehyde. 
By means of tWs reaction the presence of 
fonnaldehyde in the juicea of green leaves, when ’ 
i^crmally to light, may be detected; i 
lon&udehyde is absent from the juices of the S 
^ tho same plants aft^ being kept 24 i 
AMW fa the dark (Angelico and Oatolono, I 


•Gm. ohim. itel. 1913, 43, 39; AuiUjwt, 1913, 

I 162). 

! The industrial employment of formaldehyde 
. is manifold, in keeping with its enormous re¬ 
activity. The coal-tar colour industry uses it 
very largely for condensation jiroduots; a great 
number of pharmaceutical preparations have 
formaldehyde as their active jprinciple. In 
most of tliosc, U 80 is made of its antiseptic 
povs ers by condensation with a variety of 
drugs. 

Tlio antiseptic properties of formaldehyde 
are essentially due to its cliemieally combining 
with tho cell skin of tho micro-oiganUms, 
. theroby hardening it and inhibiting their 
growth. It is employed in a number of ways 
and in different combinations. It is used in 
tho treatment of wounds and for sterilising 
surgical instruments and tlu' liunds of operators, 
occasionally compounded with soap, us in It/so- 
form. For iliamfcotmg leoms a 1 or 2 p.c. solu* 
turn of formaldehyde may bo used as spray, and 
IS non-injurious to coloured fabrics. A con¬ 
centrated solution or solid jiaraforiualdehyde 
may be vaporised in a lamp, and its diffusive 
and piuiotrating ipialities make it applicable 
where other disinfectants cnnmJt bo employed. 
Tho best known forms of apparatus for this 
jmrposo were devised by Trillat, ToUens, Krell, 
Barthel, a«<l Schering. In certain eases, as 
for instance in tho treatment of frozen meat on 
board ship, an air current is passed through a 
vessel containing formaldehyde solution heated 
by steam coils. It iia.s also been prpposed to 
treat a mixture of parafonnakfohydo end 
peroxides of tho alkaline earths with water, 
when a violent liberation of formaldehyde 
vapour taUc« place (Autan). Permanganate, or 
other oxidising agents, arc similarly used with 
paraformaldehyde. 

Its preservative qualities are made use of In 
omhalrning and for the jircwcrvation of corpses 
for dis.section. It is largely used for tho pre¬ 
serving of foodstuffs, ana possibly the effect of 
‘ curing ’ is in a measure due to the formaldehyde 
produced from burnifig wood and other carbon- 
acerius materials. 

Formaldehyde is employed in tho brewing, 
distilling, and sugar industries, and besides ito 
jireservativo action, a certain stimulative effect 
on the diastatic properties of the malt, and on 
the activity of yeast, has been observed. 
Formaldehyde is largely used for taiming liar- 
posea, especially for sole leather. By its action 
on proteid bodies, it makes tho leather hard and 
firm without having the bad effect of acids. 
Formaldehyde solution is also used for coagulat¬ 
ing rubber latex ; and the result of caring 
rubber over wood fires lias been ascribed, at 
least in part, to tho presence of formaldehyde 
vapour. In tho paper-making and textile 
industrii^, it is used ft>r fixing glues and sizes, 
and also for water-proofing fabri(», by ronderh^ 
gelatin or casein insohihlo. Upon the same 
reaction is based its employment in hardening 
the gelatin fMms of phot<^raphlc plates, and for 
hardeuii^ microscopic preparations and anato- 
mical museum specimens. 

Formaldehyde is also used as a reducing 
agent in the rdbovety of silver and gol^, and in' 
the preparation of metaiUc mirrota. A matexiaf 
for the manufacture of bone-hko arUciea i» nui^ 

R 
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by the ttotion of furmaldehydc ou uafieiuogonate 
(galaUtb). The water-proofing of Htiaw hats is 
Mfeoted by impregnating them with a solution 
of gelatine which is then hardenod with formalcle- 
hyoe. On the condenHing reaction of formalde¬ 
hyde with phenol or cn^ulH is based the manu¬ 
facture of a substitute for horn, tortoiscsshell, &c. 
The best known of tluv^e condensation pruducti^ ! 
is ‘ bakelite,' which is used in solution as a | 
lacquer or varnish, or, m its soLd form after .j 
being subjected to higli jMOHsurc, for electrical , 
insulation {purposes { v . IUkkmtk). j 

The action of dry gaseous hy<lrogen chlonde I 
in tho cold on (^oinnu'-rcial formaldehyde solution | 
(about 40 p.o.) in a n^Hux apparatus yields, fiist, | 
the comiKiund OHd’U^C!!. If the action is i 
prolonged, a lieuvy ImjukI separuUis 

This luiuid, treated willi a mixture of eon- ^ 
nentrated nitric and sulphunr m-ids at o' iS^rms | 
a colourless oil of sp gr I '522, of the compo^lmpn : 
(5,H,()eN^, or NO,■('!♦,wliiffi ' 
on liydrolysis yields lonnic acid and iiitru- 
methauo. It is extiviiu'ly sensitive to shock 
and decomposes with detoiiatum. It dissolves 
eonsiderabh' amounts (>f <‘(hiiluse nitrate and 
an explosive jcllv contaming 7 p.c. of eelluloso 
nitrate (12‘1I ji.c. N) gives a greater increase in 
volume tm e\j»losion tliaii one containing 7 p.c. 
of glyeervl nitratii (Moieselii, Atti. li. Aucad. i 
hinoei, 1019, [v.i iiS, i. ii77). ; 

For the (jualitative doU«'tion of' formalde- j 
hydo, a number of rcaotious have been proposed, , 
moat of wliich an^ based on colour reactions, j 
On warming with anunoniacal silver solution, 
the silver mirror is produced. Sehifl's reagent ^ 
ia frequently used; 0*4 gram magenta is dis¬ 
solved in 20 e.e. of water; lO c.(^ of sodium 
bisulphite solution (sp.gr. 1-270), and then lOe.c. ; 
of stwng sulphuric aeui are added; formaldehyde ; 
causes a r(;d coloration which, on addition of 
hydrochloric acid, eliange-s to bluish violet. 
Other reageutB suggoeUd are alkaline resoremol, 
pldoroghicm, codeine^ morphine, phenyl hydra- 
«me, and ferric chloride. 

For tho (luantitative determination, ^ic 
following are used: Leglef's method based on 
the reaction of ammonia on formaldehyde, gives 
low results. Fur impure concentratod solution, 
^0 method of Wank and Fmkenbeiner (Ber. 31, 
2979) may be employed. It consists in oxi¬ 
dising formaldehyde to formic acid by means ' 
of h^rogen peroxide in alkaline solution. An 
iodomotno method was suggi«tcd by Homijn 
(ZeiUoh. anal. (.3iem. 3(>, 19), and tflhny. 
oolorimetrto reactions have been worked out for 
tJbe exact estimation of small (piaiititiee of 
formeUdehyde. 1 imrt of formalin in 100,0(K> 
{Hurts of mUk can bo detected by distillation and 
applioatioD of colour reactions to the distillate, 
iudeal and Hcliner have studied the rate of 
dbM 4 >pearanco of formalin when added to milk 
by ^mation of condensation products. Schry- • 
ver uses phenyl hydrazine and {mtassium lerfi- 
cyanide for ^e wtimation of formaldehyde in a 
dUutiem of 1:1,000,000. 'R. L. 

FORHAUM. A 40 {i.e. soluKoii of for¬ 
maldehyde. 

FOiaiiJOOEHOO’NH,. Fint obtained by 
HolmaMB |ir. Ohem. 91, 01) by heating ethyl 
formtl» wnll MDimonia in a sealed tube at 100''. 

It ii » pfodnot of the oxidation of amino- 
acida, laotio acid.^idbumin, Ae., by ammoniacal 


potassium {)ennanganato (Hasley, Zeitsch. phy¬ 
siol. Chem. 26, 326). 

It is formed by the action of the silent dis¬ 
charge on a mixture of carbonic oxide and 
ammonia (Losanitseh and Jovitschitsch, Ber. 
30, 13B); by distilling sodium formate with 
ammonium chloride in a vacuum (Verley, Bull. 
Soc. cliim. 9, [3] (lOl); or by heating crystallised 
animoiuuin forinato lu a sealed tube at 230® for . 
5 hours (Hofmann. Ber. 15, 9ift)), but is best 
prepared by hi'ating pure dry ammonium for¬ 
mate for 2 houw at 100' -IHO*-' in an atmc^pheie 
of ammonia, then fractionating in the same 
atinospliere- at | mm. ^firessure (Freer and 
Sherman, Amcr. dhem. J. 20, 223). 

Formainide i.s a lujuid, b.p. mm. 

prossuie); at ordinary jiri'SHure it decomposes, 
when lie-aUid above lOO"", into carbon monoxide, 
ammonia, hydrogen eyanidc. and water. It 
crybtalliK(‘H, m needles, lu.p. 2*25° (Brann); 
*^ur. 1 ■70 at 4“ (Freer and Sherman, l.c.). 
Pho8{inoru.. jH*ntoxide eonverts it into water 
and hydrocyanic acid : I 100 'Nll 2 =HCN-i-HgO. 
Strong eaiiHtie potiush decomposes it, even in the 
cold, into jiotasKUim formate and ammonia. 
II is also <lecnmpr>H(*d by a mixture of potassium 
chroimiti' and sulphuric acid, forming ca.’-bon 
dioxide and auimoiiium liydrogen sulphate ; 
by liydrogen jHToxidi- with production of am¬ 
monia and carlton dioxide (de Coninck, Compt. 
rend. 12S. .593) ; and by sodium hypochlorite 
on iieating (de Coinnch. ihttL 121, 893). Forma- 
mide combines with ehloial forming ehloral-amid 
or chloialiiut fortruimulalum, used as a disinfect¬ 
ant and OH a preservative, and for its hj'pnotio 
jiroperiieH («. C’hloual). Sodium, silver (Freer 
and Sherman, Amer. Chem. J. 592 and I.C .1 
Titherley, <3iem. Soe. 'JVaus. 1897, 496) ana 
mercury salts have been obtained (Fiaoher and 
GriiUnor, Arch, rharm. 232, 329). Condema- 
tion products of value os antiseiitics and sol¬ 
vents for uric acid are obtained by condensing 
forhiaraidc with formaldehyde, paraldehyde, or 
trioxymothylene (J. Soc. <5hem. Ind. 25, 283). 

FORMAMIDINE, Methenylamidine 
CH(NH)fNH2). 

This compound, the lowest member of the amid- 
ine seruv4, may be regarded as formamide 
HCO‘NH| in which tho oxygen atom has been 
replaced by imidogen. Obtained by acting on 
the double, compound of hydrocyanic acid and 
hydrochloric acid with absolute aJoohol: 
2HCN,HCI-h202HjOH 

«CH(NH)(NIl2),H01+CaH6a-fHC0,-C,H, 
(Gautier, (Jompt. rend. 66, 410: cf. Claisen and 
Matthews, C3\om. Soe. Trans. 1882, 265). From 
the hydrochloride of formimido-ether 
OH{NH)(OC,He),HCl 

and alcoholic ammonia (Pinner, Ber. 16, 276r 
lti47). Formamidine hydiochloride crystiyOitsea 
from alcohol in hygroscopic granules, melting 
at 81®, and decomposing at KM)® into hydro- 
cyapie acid and ammonium chloride : 

CH(NH)(NH,)Ha*HCN+NH,a 
When liberated from its salts by caus^ potaa^, 
fornuunidine is at enme decomposed into am*- 
monia and potasaium formate. Its satta cans- 
taUiae with mOkolty. 0anas 

very soluble, onuige*r^, quadn^ pjaM^ . 
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' FonoAmidine picrftte 

NH: CH NHa,C.H,(NO,),OH 
obtamed by the addition of formamidine hydro* 
chloride to picric acid, crystalliBea in long 
lustrous yellow needle, m.p. 248° (Oiechmaim, 
Ber. 25, 706). 

Substitution derivatives of fomiamidiuo 
have been studied by Dains {ibid. 35, 2496). 

FORMAMINT. Trade name for a prepara¬ 
tion of lactose and formaldeitydo. 

FORMAN. Tra<le name for chlonnotliyl- 
menthyl ether O formed by the 

action of formaldehyde upon menthol m the 
presence of hydrochloric acid. A colourless, 
fuming oil, b.p. H>0°-i62°, 16 mm. pressure, 
decomposed by water into its original con¬ 
stituents. Kmployed in medicine in catarrhoua 
affections of nio air passages {v. SvNTilKTiO j 
DBuas). ; 

FORMANILIDE UOO NH Celf*,*or j 

OlK’.JftNC'.Hc 


accepted is that the oxalic add (^H,O«,2Ka0 
decomposes into watw, carbon osoxid^ Hid 
formic acid, which reacts upon‘the glycerol, 
forming monoformin. On the addition of a 
further quantity of orystallused oxalic acid, the 
water of crystallisation decomposes the moim* 
formin, producing glycerol and formic acid, 
which distils over 


CjH 4{OH),+HCOOH-HOOOC,H,(OH),+H,0 
Glycerol. Formic add. Monoforndn. 

Monoformin is thus l>cing continually formed 
and dcstroytHi, with the eventual production of 
furniio aeia of from 87 to 88 p.c. (Lorin, Bull. 
Soe. chim. [ii.] 5, 7 ; 20. 241 ; ’ 24, 22 and 
436). 

Acconling to Chattaway (Trans. Ohem. boo. 
1914, 151), glyceryl oxalate and glyceryl acid 
oxalate are the first products of the reaction. 
The latter is uxistablo at a slightly higher 
temperature, and decomposes, giving carbon 
dioxide and monoformin. 'fhe f^her addition 


(Claisen, Aiinalcn, 287, 360: Wheeler and of acid displaces formic acid from the mono- 
Medcalfo, Amor, (Uiem. J. 19, 217). First, ob- formin. 


tained by Clcrhardt (Annalen, 60, 310) by heating : 
aniline oxalate. lU*st ]»iepared by heating ; 
together molt'oular jjroportions of amlino and i 
strong formic acid on the water-bath under ^ 
reduced pressure to roinov<* the water, tlieu dis¬ 
tilling under ordinary pressu’re until the tliormo- 
moter indicates 250°, and finally pouring out the j 
undistilled portion, when it solidifies on standing 
(Wallach and Wiisten, Bej'. 16, 145),—Long 
four-sided pnsma melting at 46”, moderately 
soluble in water, readily so in alcohol. Dilute 
acids decompose it into aniline and formic acid. 
Formanilido is rapidly attacked by chromic acid, 
various colouring matters iK'ing formed (do 
Coninck, Compt. rend. 128, 503). 

bodiuin, silver (Comstock, Ber. 23, 2274 ; 
Comstock and Klocberg, Amor. Cliern. .1. 12, 
493), anil mercury compounds have been ob¬ 
tained (Wlioelcr and McFarland, ibid 18, 540). 

Other derivatives are descrilxid by (-omstock 
and Kloeberg (f.c.), (Jiaiseii (l.c.), and Comstock 
and Wheeler (Amer. Ciiem. J. 13, 514). 

FORMATOL. Trade name for a preparation 
of formaldehyde. Used as an antiseptic. 

FORMESTON. Trade name for basic alu¬ 
minium formate. Used in wound dressing. 

FORMIC ACID (Ger. Ameisensaure) 
H*COOH. Discovered by Itey, in J670, by dis¬ 
tilling rod ahta with water. Formed in the 
acid secretions of certain caterpillars; in the 
twmmon nettle (c/. Bobbin, Proc. Boy- Soc. Edin. 
1919, 39, 137); in the fruit of the soap-nut tree 
{Sapindus saporiaria (Linn.)): in tamarinds, Ac. 
Occurs in sweat, urine, and muscular plasma. 
Formed by the dry distillation of starch, sugar, 
gum, tartaric and oxalic acids, Ac. It may be 
prepared from ocetyleno by dissolving in laming 
sulphuric acid and diluting with water. On 
boding with baryta and dltoring, the soluble 
barium formate remains in the filtrate. Best 
obtained in the laboratory by heating a mixture 
of glycerol (or othenpolyatomic alcohol of high 
bonuig.pomt) with crysti^lised oxalic acid. The 
nnWdrous i^ycerol is heated with the oxalic 
aod to 75°-90° until tibe evolution of carlxm 
dioxide ceases, iri&en a fresh quantity of oxalic 
add is added, and the process repeated. 

The latorpretation of tins reaction ususUy 


The formates {ftee below) are the starting- 
point for the manufacture of formic acid. 
Whereas, at one time, oxalic acid was the 
source from which formic acid was obtained, 
now formaUw can bo used as a source of oxalic 
acid (D. K. P. 111U7H, 1441^, 161612). 
Formic acid is obtained by heating formatM 
in vacuo with acids or acid salts (Hempel, 
i Kng. Pat. 3428; J. SSoc. Chom. Ind. 1^9, 

1 259): by treating formates with hydrofluoric 
1 acid (Strauss, D. R. P. 209418; J. Soc. Chem. 

1 Ind. 1909, 674); and by heating in a still 1 
I part of sodium formate with 2 parts of sodium 
hydrogen sulphate or other acid salt; in the 
last method, acid of from 97 to 98 p.o. is obtained 
: (Ch. Fab. Griinaw, Tjandshoff, und Meyer, Akt. 

: Ge-., Eng. Pat. 14438; D. K. P. 192881; Fr. 

; Pat. 367316 ; U.S. Pat. 857040 ; v. also Hamel, 
; Eng. Pat. 75:14; Fr. Pat. 341764; U.S. Pat. 

: 806660 ; J. Sot;. Chem. Jnd. 1904, 9113, ondSoo. 
Mion. des Etab. Eyokon and Leroy; Fr. Pat. 

] 393526; J. Soc. Chem. Ind. 1909, 160). 

Anhydrous formic acid may be obtained by 
gently heating lead fonnato with sulphurettM 
hydrogen, by heating the dehydrated sodium 
salt with anhydrous oxalic acid, by dUtiUix^ 
the ordinary acid over anhydrous copper sulphate 
under a pressure of 120 ram., or by the careful 
addition of phosphoric oxide and subsequent dis¬ 
tillation under 16-18 mm. pressure (J ones, J. Soc. 
Chem. Ind. 1919, 38, 362 T.). It is a ooIout- 
less, slightly fuming liquid, with a penetratiim 
i smell, and is intensdy corrosive. Bods at 99*9 j 
I sp.gr. 1*226 at 16°, 1*2200 at 20°; b.p. lOP 
! (oorr.) (Thorpe and Rodger); soUdifiae at a low 
i temperature, forming large brilliant plates; 
m.p. 8*36°. Traces of water lower the m.p. 
and raiie the b.p.# The specific gravi^ of 
aqueous solutions is given in the foUmiriitt 
tt^le (Richardson Mid Allaire, Amer. Ohem. J, 


10. 150) 
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Formic ticid la readily decouipoticd catalyti- 
callv according to ono or more oi the following 
ouuatioiw : (1) HCOOll —(!Oj+H,; 

(2) JiCOUH-(K)-l-HjOj 

(.1) 2H(:(K)H-=--llCUH+C0j-fH20. 
IJy loiwliiig Mh' vHpojir ov<ir the following heated 
Bijl)Mtan(^oH it IS (lei'orn]) 08 e(l in nceordanco with 
equation (1) ut varying raUa uiid tciii 2 >oratur(w • 
jmliadiuin, plulinuin, <-oj>|>or» nickeh eudniiuro 
and oxidcK of zinc and tin. Palladium Bponge 
and |i!atinuin sponge bring about total decom¬ 
position at 245 ' ami 215 ro-s]>octivcly. 'J'ltunic 
oxide and the, blue oxide; ot tungsten deeoniiiose 
the acid according to (siuatioii (2) : ISinca, 
/.irconia, aluiinnu. and uramnis oxide in addition 
to carbon monoxide and wator'jirodiu^e formalde- 
hyde. With thona idl tlireo reactions are 
}M)8Hihl(*, liepemhng up<in the tempiTutun’ 
A heated .lena gloss tulu* at 540' decomposes 
the acid into earbon dioxide anrl bydiog(‘ii. 
Powiiered jmimec', magnesia, and woo<l eliar<;oal 
resolve it int<t carbon mouoxuh- and wut<‘r 
(Sabatier and Mailhe, Cojiijit. lend. 1011, ! 
152. 1212). 

Jloatiid w’ltli concenl rated sulphuric aeid, 
hirmatos evolve (carbon monoxide; with ferric 
eh!<»ride neutral solutions give a red colour. 
Silver iiitrati' is redueiMl to iiietallie silveu’, which 
is precjpilated, partly lus a black ]K)wder, and 
partly ns a lustrous di'posit on llie tube. Mor. 
curie chloride is icdueed to mercurous chlorKh*, 
and if exci^ss of formic acid is present, to metallic 
mercury. 

Formic acid may bi' est imated by the method 
of Jones (Amer. (iu'in. J. 17, 550), 'I’lio solu¬ 
tion is inadi‘ alkaline with sodium carbonate, 
warmed, and an ^•\eess of standard permaii- 
ganati> mlded. I’he solution is aeiddied, and a 
moasuied volume <d oxahe acid is run in, until 
the proeipitato of manganeso hydroxide has dts- 
Bolvod and the permanganate disappeared. 'I'lie 
0 XC 088 of oxahe aeid is estimati'd by titration 
with standard pennaugimate. A volume of 
oxalic iveid equal to tliat taken is also titrated 
with ^K'rmangnnate solution, and the difference 
botwoon the l•esult and the total j>ermanganato 
used gives the (juantity of permanganate re- 
uuired to oxidise the formic acid {i\ also Hupp, 
Zoitsch, anal. Chem 100(>. (>S7 ; tlrossmoim and 
Aufrooht, Her. iOlXb 2455). Other methods 
depend on the reduction of mercuric chloride to 
merourouB chloride (Scala. J. anal, and oppl. 
Ohem, 5, 255; ].iiii>cn. Monat-sh. 1895, 740; 
I^ys, Mon. .Sci. 12, (532: Frunzen and Oreve, 
J. pr. Choiu. 1}K)9, 80, 508; Kiossur, Zeitsi^h. 
physiol. Ohera. 1915, 90. 355); the titration of 
the acid with standard alkali, or the decomposi¬ 
tion of the aeid in the carbonic aeid apparatus 
with sulphuric acid and potassium diohromate 
(Rupp, Aroh. Pharm. 245, 00). For estimation 
in the presenoe of acetic acid, v, Freyer, Chem. 
Zeit. 1805, 1184; Heuapr, ibid, 1915, 57; 
Laufmum, ibid. 1015, 575. In presence of 
other substances, v. Fincko, Biochom, Zeitsch. 
1013, 50, 263 ; Analyst, 1913, 378, 

Formic acid is a strong r^ucing|.ageut and 
a powerful antiseptic. It is used as a food 
priservativo (Woodman and Burrell, Tech. 
Qnart. lOOS, SI, 1), and in brewing is added to 
the yeast mlult os an antisejitic (l^uigc, J. Soo. 
Ohem. Ind. 1905, 1025; Henneteig, i6Kf. 
1906, 192). it is iffied in dyeing as an assistant' 


» 

I or reducing agent with xKitassium dichromate 
mordant and also for dyeing woollen |?oods or 
imions with acid dyestuffs (Kapf, ibtd. 1W6, 
’ 129; Meitner, tbia. 435; and Ruby, 

1907, 467). 

The formates. —Industrial methods for the 
prejiaration of tlic; formates are based on throe 
reactions: (I) The interaction of carbon mon¬ 
oxide and metallic oxides. In this method, carbon 
mono.xid<! under jircssure is passed over metallic 
oxides, basic minerals, or alkali hydroxides, 
the conditions varying slightly in the different 
jirocesscH (Usines des Moulins, Fr. Pat. 382001; 
J. Soc. t’hem. Ind. 190H, 185 ; Elhs, U.S. Pat, 
8750.55, ibid. ; Uasch<‘n, .1. Soc. Chem. Ind. 
11*08, 420; Eng. Pat. 15955; Farb. Meister, 
Lucius, and Bruning, Fr. i*at. 589065; J. Soc. 
(ffieiu. Ind. 1908, 769; Haase, Eng. Pat. 4771 ; 

J. Soc. Chem. Jnd. 1908, 898; Elect. Werke, 
1). H. P. 179515; Chem. Soc. Abstr. 1907, [i.] 
578 ; Koepp and Co. J). H. 1*. 209417 ; Fr. Pat. 
342108 ; (5ii‘m. Zentr. 1909, [i-l 1785). (2) The 
hydrolysis of tiu^ cyanides of tbc alkaline earth 
metals. The cyaiudc-s of the alkaline earth 
metals an* treated with water vapour under 
pressure at temperatures below 500", whereby 
ammonia and a formate aic jiroduced (Baa. 
Ami. uiid Soda Fab., Eng. Pat. 22058 ; Fr. Pat. 
572714; J. Soc. (Ihom. Ind. 1907, 527; Eng. 
Pats. 784, 1912: 11485, 11486, 1915). Tho 
interaction of a solution of fiotassiuiu ferro- 
cyanide with caustic potash according to tho 
hallowing ('(piation has also been patented by 
Haakh (1>. K. J‘. 281044): 

K, Fi‘(CN)« 1 1411.0 

=41i(K)C>K-i 211<;00NH4 i 4Nll3-l-Fe(OH),. 
(5) Tho reduction of carbonic acid or tho 
carbonates by hydrogen. Rogation (Eng. l*at. 
12604; J. Soc. Chem. ind. 1895, 8t^) obtained 
a mixture of ammonium formate and bicarbonate 
by passing moist nitrogen, hydrogen, and 
carbon dioxide over slightly heated pumice or 
other absorbent bodies. WVter ga« and ‘ Ebel- 
mcn gas ’ were used to supply tho hydrogen and 
nitrogen rcsjiectively. More rceontly the reduc¬ 
tion of carbonic acid and the bicarbonateo by 
hydrogen under pressure has been studied by 
I Bredig and Carter (Her. 1914.541). Theyshowed 
that calcium carbonate heated with hydrogen 
under 50 atmosphere's pressure and carbon 
' dioxide (20 atmospheres) at 70" in the presence 
of sponp palladium in 4i hours gave a 100 p.c, 
yield ot calcium formate. A 75* p.c. yield of 

f iotassium lormate was obtained by passing 
lydrogen at 00 atmosphcrce pressure tiirough a 
5 p.c. solution of jiotassiuin bicarbonate con¬ 
taining palladium black (Eng. Fata. 801 and 
9762. 1916). 

Decotnposition of the forniates. —^I’ho formates 
of the alkali metals on heatii^ in absence of 
air to’400° decompose, giving m ainl y hydrogeo 
and oxalic acid, at lower temperatures carlmn- 
atos are chiefly formed. Tho formates of Hae 
alkaline earths give only carbonates. The 
im'seuce of two mmecular proportions of calcium 
hydroxide lowers the tempepiture of decomposi¬ 
tion of calcium lormate from 375® to 260 , tbs 
proportion of hydrogen rising from 35 to 93 p.-o. 
(Levi and Piva, Ann. Chim. Applicate, 1916,2^). 
Under certain (xmditions formdldehyi^ is cme 
of tbe products of the reacUon (Hoimaon 
Sobum^t, Ber. 1918, 303). 
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Potcunum fomait HCO,K aftd Sodiim 

formate HCO,Na are readily soluble deliquescent _... 

salte which, according to Bineau, form acid salts ! 260‘’/7Q2 
on solution in hot concentrated formic acid, i '* * 

Calcium JomuUe and Barium forjmtc 

(HCOjlgBa crystallise in rhombic prisms, 
readily soluble in water, insoluble in ^eohol. 

Lead fortnate (HOO^)»Pb is loss HoUibli' in water 
than other formatew, 1 part dissolving in (>3 
parts of water at lb*, ami ih insolubh* in alcoliol; 
the solution forms a sorii^s of basic formaUw on 
being warmed with lead oxide, whieli have an 
alkaline rt'aetion and cryHlullise in needles. 

CopjK'r formate (H(!(in)./'u*,4H^(> crvstanise.s in 
light blue monocdinic prisms : forms basic salts, 
l)a(HC(),) 2 Cu(()H), and ru(ir(H),),,3(’u{()H)a 
(Trans. "Chem. Soc. 15)1.'), 12HI). Silver and 
mercurous formates (h'coinposo (‘ven in the 
dark, and the latter tleflagralos wh«>n heated 
and decomnosoa on percussion, ('hromous 
formate ('r{flfh)a)^'2H^(), red cubes (Ber. 15»1(), 

IC79). Methyl formffte boils at (712 mm.), 
sp.gr. 0*9928; it is beat made by acting on dry 
Boebum formate with a mixturo of nmthyl 
alcohol and aqueous liydrochlorie acid, or bj’ 
digesting methyl alcohol with concentrated 
formic acid. formale l)oils at r)0*4 ", and 

has sp.gr. 0*9445 at O’. It is made bv heating antipynno described by 

n TniYt>iT.yv <; ..f //lit „ n_I P«41iy’/nri /tiimm Siru- Altutr IKIIO 


ammonia, a orystaUine mass is obtiuned. Bure 
triformin is colourless; has m.p. 18°; b.p. 

i qO 

mm.: »1‘4412. It is aaponided 

slowly by cold, readily by hot water (van 
Romnurgh, Zeitsch. physiktU. (Ihem. 1910, 70» 
455)). 

By heating orythrol with formic acid and 
<liHtiliiug off the acid at. 200 ”, a mixturo of 
formuw is obtained, from whieli a tetraformin 
luus bw'n isolated. This forms silky noodles, 
m.p. 150' (Henningcr, (Unnpt. rend. 9*8. 140). 

FORMITROL (formoly^jtrol). Trade names 
for a preparation of formald<*hyde. 

FORMOL. Trade name for a preparation of 
formaldehyde. 

FORMOLITES. A term ap])!iod to the various 
claesoB of phcnol-formaldeliydo, resins, e.g. 
lakelites, resinite, isstilm, albertole, etc, 

FORMOPYRINE. A compound of anti- 
pyrinc and formaldeliydo (’, ,H, 30 N,*()HjO; 
rn.j). 142' ; insolubh' in cold water, soluble in 
chloroform and alcohol. Forms srdts with acids 
(Marcourt, Bull. Soc. chim. 1890, 520). Stole 
(Bor. 1890, 29, 1820) and JVllizzari (OSazz. chim. 
ital. 1890, 20, ii. 407) state that Marcourt’s 
‘ forniojiyrme ’ is identical with methylene di- 


a mixture of 0 parts of alcohol (00 p.c- '), 7 j>artH 
of sodium format(?, and 10 parts of eoncentratod 
sulphuric acid. 

FORMICIN, FORMIDIN i;. Synthetic 
DRUGS. 

FORMINS are esters produced by tlie con¬ 
densation of glycerol or other polyhydric 
alcohol with formic acid. 

Monoformln JIC(>*()(’,TI^((_)H )2 ^ prorluci'd 
in the preparation of formic acid by heating 
glycerol with oxalic acid at 190” (Tolh^ns and 
Henninger, Bull. Soc. chim. fii.] 11, 395), and Is 
extracted from the mixed product by means of 
other, ft is also prepared by the interaction of 
monochlorhydrm and sodium formate at 100 * 
(van Romburgh, Rcc. trav. chim. 1, 180). On 
distillation under atmospheric pressure it decom¬ 
pose into carbon dioxide, water and allyl 
alcohol, but may be distilled unchanged in vacu6. 

^ Z>initrofornun ia a yellow oil, sp.gr. 1 *5 at 15®. 
It is formed together with nitroglycerin by heat¬ 
ing anhydrous oxalic acid with glycerol at 150* 
and treating the product with nitrosulphuric 
acid (Vender, 1). li. V. 2095H3 ; I'bem. Soc. 
Abstr, 1909, i. 092). 

Diformin {HC()* 0 ) 2 (J 3 H 5 * 0 H is the chief 
constituent of the residue obtained in the 
preparation of formic acid by lieating anhydrous 
oxalic acid and glycerol at 140® (van Romburgh, 
J. 1S81, 508). It is extracted with ether and 
purified by distillation under reduced, pressure. 
B.p. 163®-10C® under 20-30 mm.; sp.gr. 1*304 
at 16°, Insoluble in carbon disulphide and de- 
oomnosed by water witli the formation of gly¬ 
cerol and formic acid. On heating under atmo- 
^henc pressure it is deconmose<i into carbon 
dioxide, water and allyl formate. 


Pelliz/.ari {(!hom. Soc. Abstr. 1890, f>45). 

FORMOSE r. (.5AKBOHYDRATKS, 

FORMURAL. Trade name for an addition 
product of hexamethylenetetramine and sodium 
citrate. 

FORMUROL. An additive compound of 
hexamethylenetetramine and sodium citrate. 
Used as a urinary antiseptic. 

FORNITRAL. Trade name for a compound 
of two niols. of formic acid with one mol. of 
endo-anilo diphenyldihydrotriazol (HCO0H)| 
(OeH 8 ) 3 (N 4 (’ 2 H). Used for the detection ana 
estimation of nitric aci<i instead of nitron 
(Ann. Chim. Anal. 1921, 3, 207; Analyst, 1921, 
386). 

FORSTERITE r. Ouvike. 

FORTOIN. Mcthylcne-dicototn 

CM2(0jiHjiO4)2 

Formed by the action of formaldehyde on 
cotoln. Used in the treatment of diarrhoea. 

FOSSIL RESIKS v. Hbsins. 

F0WLER*S SOLUTION. A solution of 
potassium orsenite. 

FRACTIONAL DISTILLATION v. Distilla- 

TION. 

FRAGARIANIN v. Tannins. 

FRANCKEITE. A complex sulphide ore 
of tin, Pb 5 FeSn 38 b 2 S, 4 , containing, aooordiim 
to this formula, 8 n 16*71 p.c. It consists of 
platy, tetragonal crystals, with a perfect cleavage 
parallel to the surface of the folia, which are 
often aggregated in more or lees pronounced 
radiating grou{«, sometimes forming spb^ks 
and Tonifbrm masses* It is iron-black with & 
bright metallic lui^tre; marks paper and is 
maueablo, like graphite. The mineral occurs 


and allyl formate. With 5 in some quantity near Chocaya and in the 
220®, carbon monoxide, ; Trinacria i«ine at Poop 6 in Bolivia, and is 
CMTOn dioxide and allyl alcohol are the products, ■ known locally as Ukteria. The above formula 
^ilst with oxalic acid, carbon dioxide and; written in the form SPbSnSj-fPbjF^bi^i 
torm^acid are produced. : brings- out a relation between franokeite 

, (HOO'OljCjHj is prepared by < the ^ed Bolivian minerals toallite (PbSk^r) 

“jjyng glycerol with excess of 100 p.o. formio andcylindrite(3PbSnSj+8nFe8bj8t), Analyse 
•OKt By eooling the visdoua product by liquid! I and II by G. T. Prior, 1904 (II on less 
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dittinctlvomt«lline material with some maasive), 
III by C. Winkler, 1893 (aLno germanium about 
0*1 p.c., and gengue 0*71 p.o.):— 



I. 

u. 

m. 

Vh . 

. ‘H)'23 

4S'92 

50-57 

Fe 

2-m 

2*74 

2-48 

Zn 

. 0-57 

— 

i'22 

Ag . 

0-97 

0-99 

n.d. 

Sn . 

17 05 

13-89 

12-34 

Sb . 

. llWi 

13-09 

10-51 

S 

. 2112 

20-82 

21-04 


|IK>-I9 

99-52 

98-87 

Hp.gr. 

n-KH 

5-92 

5-55 
h. J. 


FRANGUUN v. (Ji.troosiDRs ; also Cascaua 

SAORADA. 

FRANKINCENSE p. OLinANiriH; art. Gum 
BSBrNB. 

FRANKLlNiTE. A niemb(!r of tlio Kj»inol 
group of minoralH with tin) general formula 
K" 0 *Jt,'"' 03 , whore U"—Fe, Zn, Mn. and 
R'''—Fe, Mn. Tlu' nct.ual composition is very 
variable; ferric oxide always predominates 
(5tt-U7 p.c.), zinc oxide ninges from 0 to 23 p.c., 
and man^nese oxides (MiiO, Mn^O,) average 
15-20 p.c. The imneral occurs as well-developed 
crystals of octaliedral habit, os rounded grains," 
’and as granular nutsses. Jt is black with a sub- 
motallio lustre, much resembling niagnotito in 
appciarance. but is readily distinguishable from 
this in being <.*nly slightly magnetic. Sp.gr. j 
5’0-6*2; hardness, (b 

Although known oulv from Franklin in Now 1 
Jonsoy (hence the name), it i.s found there in ! 
oonaidorablo abundance in association with ores ! 
of zino in crystallino limestone. After the vx- 
traction of tiio zinc, tlie iTisidue is used in the 
manufacture of spiegeloiscn. L. J. 8. 

FRAXETIN p. HoRsn chestnut. 

FRAXIN V. Ulu(X)3idb 8 ; also Hoksb chest¬ 
nut. 

FRAXITANNIC ACID t». Tannins. i 

FREDO. Trade name for calcium hydro¬ 
sulphite. 

FREESTONE. An indolinite term used by 

? [uarrymon for a rock whicli admita of being 
reely worked in any direction for use as a 
building atone. Such a rock shows a uniformity 
or evenness of grain and no distinct bedding. 
Many atratitied rocks may bo readily sawn when 
freslily quarried, and while holding the ‘ (piarry- 
Wkter,' but aoejuire considerable hardness on 
exposure to the atmosphere. Most freestones 
are either limestones or sandstones. In the 
Inferior Oolite there are pertain beds known to 
geologists as the Ix>wer and Upper Freeatoi\cs, 
which are largely quarried as Duildins stones, 
near Cheltenham. The Bath stone from the 
Great Oolite, and the Portland stone from the 
Upper Oolites, are also well-known Oolitic 
freestones. The term freeetone is also applied 
to mtmy of the red Permian and Triassio sand¬ 
stones of thi north-west of En^emd, e.g. the 
St. Bees sandstone. Many ofthe Coal- 
measure sandstones admit of being readily cut 
tooled, and, being without any m^ked 
tend^oy to split in definite directions, are 
valuable freestemos: sueb, for instance, are the 
sandstones of Craigleitii, near E^nburgh, and 
of Dariey Me in iWbyshire. I*. J. 8. 


. FRElBBRGrrE v. Fahlore. 

FRENCH CHALK. A variety of steatite, or 
soap-stone, used for marking cloth and for re* 
moving grease from silk. It is a hydrated 
magnesium silicate, with a smooth imctuous 
fed. In a powdered state it is sprinkled inside 
new gloves and in the lieels of berats to produce 
a smooth surface and enable them to be readily 
slipped on (t. Steatite}. * 

FRENCH GREEN, EMERALD GREEN v. 

Pigments. 

FRENCH POLISH. A solution of sheUac . 
in alcohol; occasionally containing gum elemi 
and copal. 

FREUND’S ACID (l-Naphthylamine-S : «• 
disulphonic acid) v. Naphthalene. 

FRITTS and GLAZES. The ‘glaze’ of 
pottery is a vitreous coating, which serves to 
make the articles impi'rviouR to liquids, and may 
also be used for decorative purposes. According 
to the context, liowevor, the word is also om* 
ployed to denote (I) the mixed and powdered 
<lry materials to be used for the coating, or (2) 
an emulsion of these materials suspended in 
water (‘ wet glaze ’). 

Usually the glaze is applii'd by dipping 
the dry or ‘ biscuit ’ ware into this oraulsion. ‘ 
Tlio water soaks into the porous ‘ body,’ leaving 
a depiKsit of the solid materials on tho surface. 
When the ware is subsequently heated to a 
suftieiontly high temperature, this layer melts, 
forming a glassy coating fused more or lees 
completely with the underlying body of the 
article. Sometimes, however, the glaze is 
poured over the ware, or sprayed ujion it, or 
diisted on ns a dry powder, instead of being 
applied by ‘ dipping.’ In the special case of 
salt glaze (used for stoneware), the salt is vola¬ 
tilised on to the ware in the kiln during fi ring . 

Tlio normal quantity of dry glaze on table 
and t.oilot ware ranges from about 4 to over 9 p.c. 
of the weight of the ware, the average being 
between fi and 7 p.c. 

A good glaze should bo clear, bright, and 
uniform; hard enough to resist wear; and in 
the case of domestic and sanitary articles, 
should withstand tho action of all the ordinary . 
acids. 

DefecU .—Two principal defects to which the 
glaze on ware is prone are (1) ‘ ertaing,’ and (2) 

‘ scaling ’ or ‘ moulting.’ In tho first, a network 
of line cra<;ks spreads over the glaze; in the 
second, tlio glaze chhw off at the edges. They 
are usually accountea for as follows :— 

Broadly sjieaking, the coefficient of expan¬ 
sion of a glaze should be that of the underlying 
j ‘ body.’ If, on cooling, the glaze contracts 
I much more than the ix^y, it is nudsr t^uion, 
i and either at once or during subsequent usage 
I it yields to the stress, and cracks. The ‘ crazing ’ 
may not develop for several months. In some 
ware— e.g. tiles—crazing is not of itself a serioni 
fault; in fact, makers hold that the refraotioii 
effects which result render the ware more ^ 
artistic. The purchaser, hovrever, may 1^ 
prejudiced {gainst it; and in the case of taUe 
ware there is tiie ad^tional objection tiutt 
cracks may harbour dirt and mioro-oTgaoisauk. *■ 

On the other hand, if the glaze co^iaets 
much leas than the body, it is under pr e asure 
when cold, and portions chip off, ev«i someliiiMi 
breaking the body IMt TWs ‘eealteg* # 
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jaonltioK * it » Ifitt frequent evil t^aa orating. 
MoieoTer, it uauaily ehows itaeif immediately 
after firing, and a remedy can thus be looked 
for before tunung out further similar gCKxis. 

Other reasons for ending are given in some 
cases. Thus ‘ short-tired ’ gla«o, where fusion 
with the body is imporfuot, is prone to craze. 

JEUthor the body or the glaze, or both, may 
be moditied to remedy crazing. Xu the glaze, 
the proportion of ^koiis is diminished, or that 
of the lime, silica, or boric oxide increased. 

Compo^ihow.-^lazes after fusion are either 
alkali silicates (salt ^laze), or silicates and 
bon^ilicates of alunumiim, alkalis, and the 
alkaline earths, with or without lead. Jn 
coloured glares, various colouring o.xidos, e.g. 
thc»e of cobalt, copper, iron, inangonoso, an' 
also present. Before fusion, the glaze may be 
n\en*fy common salt or felspar; but the usual 
materials of glaze^s are certain natural silicates, 
namely felspar, china clay or kaolin, and 
Cornish stone, niixfjd with llinl or sand, chalk, 
borax or boric aei<l, soda, white lead, red lead, 
and litharge. Cullet (broken gloss) is also 
sometimes an ingnHliimt, and for coarse earthen¬ 
ware glaze, galena. 

Fritting. Borax, bori<‘ acid, and soda, 
however, being soluble in waU-r, would pass into 
the porous body of the biscuit ware during 
dipping if they wore merely mixed with the 
other ingredients of the wet glaze. Hence they 
must bo made ins«)luble in water. This is done 
by fusing them with a portion of the other 
ingredients containing lime, alumina, and silica, 
and the complex borosilicate tlius obtained is a 

* borax fritt.’ 

By ‘ fritt,’ therefore, is to bo understood 
certain ingrediento of a glaze, which have been 
mixed and subjected to a preliminary fusion 
before being ground up with the remaining 
materials. Occasionally, the whole of the 
ingredients may thus lie formed into a * fritt.’ 

When lead is a constituent of the glaze, 
fritting is also advantageous, for two reasons: 

(1) it can thus, with due care, bo rendered almost 
InMluble in dilute acids, and therefore much less 
dangerous to the health of the workers than 
when in the ‘ raw ’ form of oxide or carbonate ; 

(2) the high density of ‘ raw ’ lead tends to make 
it settle down in the dipping tub more rapidly 
than the lighter ingredients do, thus making the 
glaze less uniform; this tendency is lately 
counteracted by having tho lead in the form of 
a fritt. This, of couraei also applies to other 
heavy materials, such as banum carbonate. 
Other cases where fritting is beneficial are when 
an ingredient is present in very small proportion, 
since it is then distributed more evemy; or 
when certain of the constituents are fusible with 
difficulty at the temperature employed for 

* firing ’ the ware. A higher temperature may 
be QSM for Uie fritting, and much of the chemical 
woric done which, with the " raw * glaze on the 
ware, would have to be performs at a lees 
effective temperature. 

On the other hand, a certain proportion of 
material in the ^ ipaw * state, especially clay, is 
s^Tontogeous for keeping the glaze suspended 
in water for dipjung; hence it is not usual for 
^ the ingredientB^ a glaao to be fritted. 

FwiiuiUb of In eeramio calculations 

H ii cBsImnaiy to express the iffiemicsi formula 


of a glaze in terms of moieoutar * equtvaMita * 
the sum of the RO oonstituents being made 
unity. Thus the glaze desoribed on p. 246 
wi« reduce to lRO,0*27Xl,O,,3*6(810,3*0,). 
Typical English glazes similarly work out as 
follows:— 

AI,0, Si0,,B,0, 
031 3*67 

0-26 2-80 
0-32 3*43 


RO 

1 


China 

Earthenware 
Granite . 1 

Tho thoorotioal acids ourresponding to the 
above four formula), expressou as ratios of 
lljl): SiOa, arc respectively 1:2*1, 1:1*9, 

2:3*1, and 4:7. That is, tho four glazes lie 
between the bisiliciato typo (H,0,2Si0j) and 
tho polysUicato (2Hj0.3Si0,). J^gor gives for 
; white waroglazoH tho limits )H(),0*lAl,Os,2*68iO, 
■ and lltO,0*4Al,O3,4*6SiOa. Tho first is some¬ 
what less acid than a bisilicat'O, the second rather 
' more. A soft, heavily leaded English majolica 
glazo, however, lRO,0‘10AlaO,,l*68(SiO,,B,O;|), 
corresponds to TlIaO.BSiOj, and is but slightly 
more acid than a monosilicfato. 

Lead glazra. Tho number of recipes for 
those is legion, but on calculating them out to 
, tho constituent oxides, they reduce to a few 
main type®. 7'hoy may bo broadly olassitied 
as follows :— 

(1) Chiruif earthenware, granite, ironstone, 
and semi-porceiatn. C’ontain 12-20 p.o. of 
PbO, ocoaeionally more, usually about 17 p.o. 

, (2) Hockingham, jet, md majolica. 26-Mp.o. 

' of PbO. Rookingbam glazes contain Mii,0„ 
and jet CoO. Many majolica glazes have from 
; 25 to 36 p.c. of PbO; tho * soft ’ varieties 
40-50 p.c. 

(3) Tile glazes. Usually 40-60 p.c. of PbO ; 
: tho harder varieties less ; in the soner kinds as 

muoh as 60 p.o. 

(4) General coloured glazes. Described later j 
the proportion of PbO in these varies widely. 

Examples showing tho general pezuentage 
composition are: 





Rooktog- 


Salt 

Soft 


Oraidte 

China 

ham 

Jet 

nuU<^0A 

tile 

SiO, . 

64*8 

60-8 

36*6 

34*8 

32-3 

32*6 

PbO . 

12*9 

17*6 

42*1 

56*0 

481 

59*1 

A1,0, 

10*1 

9*1 

8*7 

6*2 

5-9 

6*3 

OaO . 

4*8 

6*4 

2*9 

1*2 

3-8 

0*8 

Na,0 . 

7*6 

3*81 



/3'6 

.»• 

KjO . 

3*8 

4-8J 

* 2*4 

0*6 

\2-5 

2*2 

B,0, . 

0*1 

8-6 

0*7 

— 

3-9 

— 

MujO. 

— 

— 

61 

— 

— 


CoO . 

— 

— 

— 

2*1 

— 

— 


Other tilings being equal,- the laiger ^ 
i proportion of lead the ^ softer ’ is the glsdse, and 
I the lower the temperature of firing. There is 
little doubt that for th»i reason more lead than 
is really nece^ary U often used. 

Lead fiit^ Lead oxides and carbonates sH 
I readily dissolved by the acid of the gastric Jnioe, 

g iving rise to plumb&m. By suitable fiririasg, 
owever, complex silicates containing leao* 
j alkalis, alumina, and lime can ha obtamed ol 
! such character that, even when finely powdei«d« 

I dilute aoidi^attaok them very slightly. 

To be of this insoluble character, tile oomi^ 
silicate must imt be more basic, than wotild 
correspond to the metarpolysiUcie a<tid H^SIcO, 
{0hem.Soc.Tfeii8.79»8(fe-804). PrelenOdyth^* 
should be leas basic. Mi^eover, ady a limited 
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pro^rtion of boric oxido npiH>.ar8 to be adraissiblo 
if the silicaU; eontaiiiH u lar^^e percontago of 
lead, and iiio maturialH mu»t, of coui»(!, bo 
thoroughly fiwed. Proviotw line grinding and 

?ood mixtng un^ iriiporturit in aoeuring Hueh 
usion. Under thenc cdnditiDrH, Ic^mI fritl^j may 
bo inad(' eonlaimng any projjortion of load up to 
no p.c. of I’liO or over, but yielding only ft very 
aniftll quantity of lead to the action of diluti; 
acids. 'I’lie other haaiw may also vary consuler- 
ablv m their [iroportions, n-placing one another 
and the lead <j.\ide within wide liinilH, without 
notably afTi'cting tin* amount of ‘soluble' 
lead : 


A1..0. 


a''3 


PbO 

1. 1(1*2 io;i 

2. 44 1 rrh 


CaO (Nft,K).(» I'hd (lisM.lvcil 
-S’b II 2 J 7 i*er c<‘nt 

0*0 :i*4 2 I 


Simple l<-ad bi''ihea(e I’bSi^Of,, eont-ammg 
theoretically 05 j> <■ of IMiO. and in practice 
jiliout (10-05 j).c., IS also useil. hul is somewhat 
motX) ftt/tac'Uahlc l>y acids than tlic <oniplex 
silicates. Nt'veithel«“H.s, ihcn' are some advant¬ 
ages atkmding the usi* of tlio simple lasiheate. 
The proportion of UhO m it being very high, 
h’SH of the fntt is j(S(uii<sl to furnish a given 
amount of UhO m Ihe glaze; this leaves so 
much the more room for clay and other matenala 
to be Used raw, if divsiied, to facilitate siisjii'n- 
sion of the materials in the water of the dipping 
tub. It inipluN, too, a minimum of alteration 
in changing from a raw h'ad glaze to rme with 
fritU^l lead. For i‘.\ampl(', if the 17*tl p.e. of 
PbO in the china glaze, mimtionod in the table 
above. w<Te siipjilu'd by lead bisilicale. nothing 
but 9*5 ]).c. of SiO, would liave to ho tal«-ii 
from all the rost of the materials. ^Vithout 

Iinssmg this jioint unduly- for it should not 
10 forgotten that tlie eoinplox lead polysilicati's 
may contain as much ivs 50 j>.c. oi PbO, and 
still lie of ‘ insoluble ’ eliaraek'r -its importance 
wilt cosily be ri'eognised. The bisilicate is 
oliiotly of value for the moriH heavily headed 
glaxcs, Roekinghftiii, jet, and majoh'ea. 'Phe 
quantity of ‘soluble h-ad ’ {o. -post) o.xtractible 
from oommorctal sainjilea of the bisilicate is 
from 4 to S p.c. ; hencl^ majolica glazes cimtain- 
ing 30-40 p.e. of 1ot.al PbO would vi(4<l only 
2-5 p.e. of ‘soluble h'ad' if eorajHiiinded by 
means of the bisilicate. 

Simple lead poiyailieato, Ph.SiaOg. yields 
more soluble lead than the bisilicate ; and from 
the monosilicate. PliSiO,, the whole of the lend 
is caaiiy dissolved Kvi'U tlie complex silicates, 
if of the monosilicate type, H.SiOj, rt'adily 
yield up a large proportion of their lead to the 
action of dilute nydrochloric acid. Lead fritts 
of tliifi (monoailieate) character were almost tlie 
only form of ‘ fritted load ’ used in the English 
potteries up to a few years ago, and it is not 
surprising that they gave rise to rases of lead 
poisoning. 

Complex lead polysilToatos and Wilicates 
containing alumina yieht less soluble lead than 
the correspoi)fiing simple load silicates. There 
is evidenoe to show that the alumina renders 
the silicate more stable—perhaps Ify acting as 
an acidic oxide (Chera. Soo. Trans. 97, 2286). 

Where fritto contain only small quantities 
of ' soluble ’ lead—say up to 3 p.e. or so—one 
treatment of the ground fritt wittf diluto hydro¬ 
chloric acid Tsmnves nearly lUl this soluble load. 


j which ther^ is reason to believe is usually present 
i us an admixture of silicate more basic than the 
j bulk. On subscqucmtly testing the residue, 
i more traces of lead arc extrai^ted. 

The various forms of lead fritt are heavy 
'glass-like Hubstance.s of yellow colour. They 
i should be of uniform texture, showing no 
^ fragments of unfiisi'd malerials. They have no 
sharp meUing-poinl-;; wh<*n beat-od tlioy soften 
gradually until fused. Vitreous silicates, how¬ 
ever. comiuei eU'ctncity (Doeltor), and the 
relativi' fusibilities of fritts may bo compared 
by deferiniiung llie t<'m))eratures at which the 
• oarst'ly powdiTt'd fritts soften and blond into 
a coutmuouH mass, such as will allow the 
of tlic cicrtiical current. As thus 
detirminetl. tlio ‘softening-points’ of some 
simple h ad silicates an* jis follows : Pb 0 ,Si 02 , 
4S()’, Pb(),2Si(),, .57tr; P!)0,3Si0j. 020". 

'I’lie inclusion of iiori'- acid or borax in the 
silicate lowi'rs these softeiimg-pomtS; lime or 
alumina raises them (Ht'ck, Lbw(', and 8tcg- 
mullcr ; v. refeience at end of article). 

Effect of nne grinding upon solubility of the 

lead. For a full discussion of this, see Manchester 
I .Memoirs, vol. 45 (1 !K)1), No. 15, or Parliamentary 
j Paper Cd. 079 on Iji'ad (V>mpound.s m Pottery, 

[ 33. 'Phe conelusion is that- tineness of subdivi- 
I Sion is not absoluti'ly without influenco upon 
I the (]uantity of lead dissolved : but that within 
I t he limits of lineness occurring in actual practice 
' tlm ellect is too Hinall to be of serious moment. 
Method of determining the ' soluble ’ lea4* 

I 'Pbe British ollicial methorl is as follows : I gram 
, of the dried glaze or fritt. ground ready for use, 
is shaken (;oiitimjously for an liour with 1000 
tiiiK's its weight ot 0'25 p.o. solution of hydro* 
ehloric aciil. After bomg allowed to settle for 
i au hour, an aliquot part is filtered off, silica 
j separated by evaporation in the usual way, the 
I lead jirecipit.ated as sulphide, and finally weighed 
: a.s Hulpliatc. 

I Jn the United Kingdom potters who use no 
i glaze yielding mpre than 5 p.e. of ‘ soluble 
' lead ’ (PbO), as thus tc'st^id, are exempted from 
I certain restrictions. Further exemptions are 
' allowed whore the glaze used gives not more 
' than 2 p.e. of such soluble lead. If the total 
amount of load is not. more than 1 p.e. (calculated 
j as PhO), the glaze i.s cla-ssed as ^ leadless,’ and 
; this carries with it. additional privileges. 

Percentage composition of some complex 
; lead .silicates, with tlic amounts of PbO dissolved 
from them by 0*25 p.e. HC!:— 

I 2| 

^ o O o o" o’ 

No. Tm g 5 5 ^ B i ^!| 

1. liisilicato . 21-8 8-5 3-8 7-4 3 8 54 4 traces 

2. . 44 1 0-9 3-4 5-5 — 44-7 2'1 

3. Polv»ilicat« lfl-2 8-5 9-2 10-3 6-8 49-7 1-7 

4. „ .41 1 2 1 5-9 7-2 —43.0 Sfl 

5. Monosilicate 37'9 10'8 3-7 8 2 — 37.6 28fl* 

C. „ .70-3 0-5 1 0 1 1 2-6 23-9 70-8 

Fritte similar to Nos. 2 nod 4 are the more 
eenernlly useful for compounding alaaes. Those 
I like Nos. 1 and 3, containing lees PbO and more 
i 8 iO., - hare more leetrioted ajmlication; and 
I Nos. 5 and (t, in so far as somble lead is in 
question, are quite inadmissible. 

The proportion ot lead4}xido dissolved brum 
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a. few frittB containing 57-03 p.o. of PbO, and : 
approximating to load hlsilicato in composition, | 
is appended: | 

PbOpresent, p.c. 57*3 58-5 60*3 63*4 i 
PbO Solved., 2« 42 51 7-2 j 

If those frittH arc used to supply the load in ; 
glaze containing 15 p.o. of Icati oxide, the 
amount of soluble lead in such glaze will range 
from 0*7 to 1*7 p.c. 

The German oHi« ial method m to lieat for 
lialf an hour with a 4 p.e. solution of acetic acid. 
Potrik lias suggested a much more stniigcnt 
method (Sprech Saal, 1014, 47, 1). It consists 
in digesting 5 grams of tlie linely-gioiuid sub¬ 
stance for un hour witli i5()-20() <• c. of 0 33 ji.c. 
hydrochiori (5 acid at 37 -4<f. Sodium acetate 
is then added to promote s<*l tling and to dissolve 
load chlonch*. The residue after tiltration i.s 
also washed with .sodium acetate solution. Lead 
is then estimated as sulphate. In a eonipanson 
of these methods, a glaze whicli had a solubility 
of 0*17 p.c* PbO by Ihc English ollicial method, 
yielded 0*25 by the (jerman ofUcial iiu't.hod, and 
0*50 by Petrik’s mctlKKl. 

Lead dissolved from flnlshed ware. Lead 
may be extracted bj' aeids from tiu* glaze on the 
fired artich*, as, for example, by vinegar or 
fruit acids from euhnary vessels. ’J’liervj is 
evidence to show that, sjieakuig broadly, the 
more ‘stilublc ’ load there is in tlic glaze bidore 
firing, the more it is liable to be extia<^ed 
from the glaze on th(‘ limslied article. The 
actual quantity, however, is less from the fired 
glaze than from th<' ongmal. on a<*count both 
of the smaller surface piesented anil of the 
chemical ehangivs resulting from the fusion. 

Compounding of glazes. In eompounding 
fflazea from the raw materials regard must bi* 
nail to several considerations boside.s the formula 
and the analytical composition. The propor¬ 
tion of clay, for instance, inlluenccs tlic shrinking 
of the glaze before firing ; too much causes a 
tendency to fiako off. Again, it may bo that 
sulfieieiit alkali cannot lie introdiu'cd as felspar 
or stone without ailding t/oo much alumina ; 
some alkali must then be included as a fritt, 
which may also contain the borax and the lead, 
if those are constituents of the glaze. An 
example from actual practice will illustrate 
the comjiounding of a glaze by the use of 
fritts. 

The proximate composition of a eoitain 
glaze used for earthenware and china is given ' 
a«: «iO, 5*1-9, PbO 17*0, AlgOj 7 7, OaO 7*«, 
(NajKIjO 6*0, and B 2 O 3 10*8 p.c. To obtain all 
the advantages of fritting, two fritts must be 
made, one to contain the lead, and the other the 
boric oxide ; for if a single fritt contained l>oth, 
the liigh proportion of l»ric oxide would render 
the le^ too easily soluble in acids, and thus one 
io^ortant advantage of fritting would be lost, 
A lead fritt is therefore made by fusing t litharge 
39, dint 21, orthoclase and oligoelose felspars, 
each 10 parts: and a borax fritt by fusing: 
boiux 150, flint 75, china clay 50, and whiting 
60 parts. The calculated composition of these 
two fritts, allowing for the COj and H^O 
expelled on beating, is as follows 

’ Almstrom, Lead Compoimdii In Pottery (Par* 
UaraenUry Paper. C9207, p. 24). 


SiO| PbO AlaO, CfaO NogO KgO BgOg 
Lead fritt 42*3 48*8 61 0*0 1*1 2*1 — 

Borax fritt 431 — 8*6 131 "l 1T" 24*2 

(In practice, however, a litUo load is lent by 
volatilisation and by fusion with the walls of 
the ‘ sagger ’ during fritting. Actual analysis 
of the lead fritt showed 44'1 p.c. of PbO, the 
proportions of the other constituents being 
corrwpondmgly inereaHiHl.) 

To form the ghue, tlii^io two fritts are then 
combined with raw materials, flint, china clay, 
and whiting, in the proportions : load fritt 206, 
borax fritt 2(H>. tlmt SI. eluna clay 34, and 
wliiting 20 parts. 'Die lead fritt, it may l)e 
noted, wouhl have tiu' same (^omjioHitloii if it 
were made from the following ingredients t 
('ornish stone 25, litharge 4KJ, flint 25J, soda, 
ciilemcd, 2 parts. This dispenses with the 
felspars. 

Coloured glazes. So far as the glazo is con> 
corned, coloured ware is obtained ( 1 ) by appl)ring 
■the. colouring materials to the raw or biscuit 
body, whi« h is afterwards glazed with a trana- 
parent glaze (' muhr-gltize' process); ( 2 ) by 
placing the colouring materials on the already 
glazed article, and retiring it {‘ow-glare’ pro* 
cosh) ; or (3) by embodying the colour in the 
glaze lUself (' colournl-yhize ’ method). 

For the hust-namod process, a fritt may be 
made to contain the colouring oxide in chemical 
combination, and ground up with the other 
materialH to form the glaze. Alternatively, a 
lead fritt or glaze may be taken as colourless 
fusible basis, and colouring oxides ground up or 
fritted witli it. 

'riie first of those two methods, for example, 
is that adopted by Messrs. Villoroy and Boch, 
Dresden. Their colourless * glazo for earthen¬ 
ware hivs the chemical formula : 

lK<),0-33Al203,3(Si03,B,03)[HSi02 tlBjO,]. 
Its molecular and percentage composition arc ; 

K*0 Na,0 CaO PbO A!*0, BgOs StOa 
Mols. 0-25 0-75 1T>0 2-00 I SO 1*60 12*00 

P.c. 1*49 2*94 5-31 28*17 9*68 6*63 45*78 

For convenience of dipping, 15 p.c. of the 
materials arc left unfritt(Hl, the remainder 
being made into a fritt, as follows :— 

Fel* Llth* Pot- 

* spar Chalk arge Sand Borax sherds Kaolin 

Fritted 3 6 6*4 24*7 18T> 16*4 17*6 - 7 - 

Raw 3-0 2-9 — _ 0*6 — 8*6 

For coloured glazes, the CaO in the fritt is 
replaced by CoO, CuO, NiO, Ac., or the AlsOg 
by FejO|, MnjOj, OjO,, UgO„ Ac. Th^e 
coloured fritts are then diluted with the ooloiir* 
less glaze to the desired tints. 

The second method is exemplified as follows 
(Salvetat): The materials of a colourless flux, 
namely,^calcium borate, flint, and red lead, are 
mixed in the projtortions of 1:2:4; this 
mixture with 1-4 p.c. of CoO gives blues ; with 
3-14 p.c. CuO, greens; with 2*6 p.o. Fe^Oy, 
yellows : and so on. All the ingi^ients are 
fritted facilitate perfect mixture. An 
English colourless fritt lor simiUkr purposes is 
made by fritting: flint 10, china stone 9, red 
lead 30, and borax 4 parts : this is ground sad 
mixed with -farious colouring oxi^. 

Lead Compounds In Pottery, Od' 679, p. 21. 
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EnAQldlt arc opaqut' glazea, the opacity i 
being due to tin oxide in simpeiution. In this | 
country, however, the term ‘ enamels ’ (enamel i 
colours) is also ai)plic*l to the ooloura used for I 
‘ on*glazo ’ «lorortttioii. 

VVhit<* (‘iiainel may !>e obtained (Biongniort) 
by fritting ealcine { -mixed oxides of lead and 
tin), sand, soda, and salt. VariouH proportions 
are used, a general formula being 8i()j 45, 
PbO 3b, SaOj 10, and Na(U 0 p.e. Coloured 
enamels result from th«' a<ldition to this of 
3-10 p.c. of colouring oxides. Thus 0 p.c. of load 
liutiinonale, 5 of CoO, 5 of ('uO, and 4 of MnOg. 
give yellow, blue, gre(!n, and vifdet nwjs'Ctjvely. 

Colours. lliKlrr-dlazc eolours are generally 
oxides or ohromaUis, witli Hint., whiting, Cornish 
stone, or fluxes (‘ontaining borax or lead On- 
dlaze colours are, fusible glassiw. eom[K)Hed usually 
of a lead borosilieat<^ tlux with colouring oxides. 
A common tlux (‘No. 8’) iwd in this country 
consists of flint, borax, ami red lead in tlic 
proportion of 1:2: 3, but various jiroporCons 
are employed. 

Loftdless glazes. Tfic salt glaze used for 
stoneware has alreatly been mentioned. For 
hard •]^ce}nm, the glazas employed arc (1} 

‘ alkaline ’ or fe!spul)»i<' glazes, consisting of 
silicates of aluniinu, alkalis, and alkahiic earths, , 
in which tlie alkalis t>r(*ponfl(‘ratc over the lime 
and magnesia; and (2) ‘ calca,r('<)us ’ glazes, 
similar to (I), but in which the lime exceeds the 
alkalia. The mabunals used are pegmatite, with 
an addition of silica to modify Ine fusibility, or 
a mixture of felspar, quart'/., and kaolin, with 
or without chalk. 

For soft iHiiTflitIII. china, and airlhcnware, 
glazes ooiilaiiuiig bone oxide are usually em¬ 
ployed. One re<-ipe for such glaze is : felspar 
48'7, borax 27’d, wliiting 13’r), and flint 10'8 p.c. 
This is fritted, and mixed with one-third of its 
weight of china clay to form the glaze. 


with ordinary lead glaze. In the gUze removed 
from a deflnite area of the ware by means of 
hydiofluorio acid, the lead is determined; the 
proportion on leadless-glazcd ware is usually 
less, and often much less, than OT gram PbO 
per square decimetre; whereas that on lead* 
i glazed table ware ranges from about 3 times to 
! 8 timee this quantity, and on lioavily-leaded 
; ware, such as tiles, it may bo upwards of 40 
i times as much. 

As regards the suitability of leadlo® gl&zee 
for pottery, it may be said that in all Glassee of 
! wani a great many articles can be manufactured 
, with leadloss glaze, in a very high stoto of' 
perfection. The cost of production in the 
, commonest qualities is less than with lead 
; glaze, and in some others is not appreciably 
; greater. But in certain of the best and medium 
; clasHOH there is an undue jiroportion of ‘ Hoconds,’ 

[ that is, ware not of the highest finish, and this 
raises the cost or lowers the quality. •It is not 
clear, however, that this is duo to anything 
inherent in the use of leadloss glaze. For certain 
colours and methods of decoration leadloss glazes 
at present cannot roplaco those made with load. 
On the other liand, there is no doubt that a 
great deal of white and cream-coloured ware for 
domestic, sanitary, and electrical purposes, now 
coated with lead glaze, could bo ^zod without 
the use of lead. 

I’or a summary of present knowledge end 
exjjprimonts respecting soluble lead in fritts and 
glazes, see Bock, J. 6 wo, and Stegmuller, Zur 
Kenntniss dor Bleihaltigen (Jlasuren.und dercn 
Bleiabgalio an saure Fliissigkeiten (Arbeiten 
aus dem Kaiserlichcn rh«undheitsamte, Band 33, 
Heft 2, 1010). C. S. 

FRUCTOSE V. Caebohyduatbs. 

FUCHSIA. The chlorides of a- and j 8 -dialWl- 
safraiiinoe are met with in commerce under this 
name (v. Azikes). 

FuAiSIN, RUBIN, ROSEIN, MAGENTA {v. 


AnAI-YTTPAI, COMroSITTON OK VARIOUS LkAO- 
LKSS (JlJVZES. 

Teg- Knglish’ 


matUc ' Cal- 
(SdvreB) oareous^ 

Mliit.on's Owen’s 

. 70 ti 

04-8 

57-5 

60'4 

3 17« 

16-7 

14*7 

12-2 

1-3 

lOT 

8T> 

121 

. 0-2 

1-5 

0-2 

^0-5 

. 50 

0*8 

3*8 

^8-3 

4-2 

6*« 

41 

2*5 

. 

- - 

10*7 

10*7 

. 


— 

2*6 


SiOj 
A1,0, ft 
OaO 
MgO 

1 : 6 “ 

B,0, 

00 , 

’ Leadless' glazes not infrequently contain 
traoes of lead, arising probably from their 
having been ground in millH previously used for 
lead glaze. Occasionally larger quantities are 
found, due to the use of flint glass as an 
ingredient. 

Ware ooated with ieadless glaze tuay, on 
analysis, show traces of lead in tlie glaze, not only 
from the forgoing causes, but also from having 
been fixed in a toad-washed siqi^er, or in proximity 
to lead-glazed goods. I^ead in oxv form or 
another may be volatilised from the latter, and 
some of the lead vapours are absorbed by the 
leadless glaze. It is not difficult, however, to 
distinguish betwe«m such ware and that g'L^zed 

' Bourry, Trei^so on Ceramic Industtlm. 

* AnalTisa In tteOeverninentlaboKalary,London, 


TRIPHBNYL MBTirANB COLOT 7 RINO MATTHBS). 

FUCOSE. Carbohydrates. 

FUCITOL. An alcohol, CeHi 405 , m.p. 163®- 
154®, obtained by reducing fucoso ( 7 . 0 .) by 
sodium amalgam. Is the optical antipode of 
rhodoitol. In presence of borax in aqueous solu¬ 
tion its rotatory power was [al^—-4-4*7, and 
when mixed with on equivalent quantity of 
rhodeitol in hot alcoholjo solution, it yields 
racemic fucitol (d-, hrhodeitol), m.p. 168®-170® 
(Votooek and Potmesil, Ber. 1913, 46, 3663). 

FUCOSOL. This product which Stenhouse 
' obtained by ^e distillation of certain alg€8 with 
dilute sulphurio acid (Proc. Roy. 8 oc. 80), 
and whi^ he considered as isomeric with 
furfurol, has been shown by Bieler and TdUeim 
(Ber. 1889, 3062) and by Maquenne (Compt. 
rend. 109, 571) to be a mixture of furfurol 
methyl-furfurol derived from penta^yooses 
I contained in thealg(B{v. ahoMuther andToUens, 

; Ber. 1904, 298). 

FUEL. This term includes all oomburtiUe 
I substances obtainable in bulk whi^ may be 
^ burned by means of atmoaphono atr in such it 
I manner as to render the l^t evolved ea p a b le 
I of being economio^y appBed to domeatao iHfr 
I industrial purpoeea. Jhxm a^y be divided 
< (a) solid fuds, meli;ding (i.) natural lueiit fov. 
‘ aistti^ of woody tissiieB in w wtatoed 
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<xe os AlteNd fom (peat, Ignite, coal); (u.) 
oarbcAised fuels (charcoal, coke); (ili.) com¬ 
pressed fuels (briquettes); (b) liquid fuda 

(petroleum, benzenes, alcohol); [o) gaseous fuels 
including (i) natural gas; rii.) gases produced by 
the oar&Dnising of solid fuels (coiu gas, &c.); 
(iii.) gases produced by the partiiU combustion of 
solid fuels (blast furnace gas, producer gas, 
water gas). All fuels, having b^n originally 
derivea from some form of living matter,-or the 
products of its alteration, arc composed of the 
elements CJ, H, 0, N, and y, tt^ether with (in the 
case of solid fuel) a variable amount of mineral 
matter, which conatitiitoK tiio incombustible 
ash. I 

The economic importance of a fuel depends 
iipon ( 1 ) its distribution; ( 2 ) its cost of produc¬ 
tion, transport, and storage in bulk ; (3) tlie total 
amount of heat obtainable on btiniing unit 
weight of jt; and (4) the rapidity, eflficiciK y, and 
Hmokelessnoss of it« (lomoustion with atmo¬ 
spheric air. Of all natural fuels coal is by far the 
most important, for despite the probability that 
there is more combustible matter in the peat 
deposits than in all the known eoalliolds of the 
world, and the marked inferiority of coal to petro¬ 
leum in rwpect of calonfic value, no othitr fuel 
combines so many economic advanti^es as coal. 

The ealonlic value, or the total amount of 
heat obtainable by the <-.ombustion of a given ‘ 
fuel, is expressed by the number of parts by 
weight of water which may bo heated ihrougli»l‘' i 
on the thermomelrio H( 5 alo by the combustion of I 
» one part by weight (or, in the case of gaseous I 
fuels, by volume at N.T.P.) of tlio fuel under 
conditions such that the whole of tlie h<!at of 
combustion is transferred without loss to the 
water, and that the products leave the system 
at atmospheric temperature and pressure. The 
metric unit of heat adopted for technical 
purposes (the K,C.U.) is the quantity of heat 
required to raise 1 kilog. of water, through 
l®0. in the neighbourhood of 15“C., whilst tn© 
British unit (the B.Th.U ) is the amount of heat 
required to raise 1 lb. of water through I'^F. in 
the neighbourhood of ()0®F. Thus, 1 K.C.U, 
«3*9683 B.Th.Us., and I B.Th.U. =0-262 K.C.U.; 
moreover, in the case of solid or liquid fuels, a 
oedorihe value of .rK.C.Us. per kilog, is equivalent 
to 1 'SxB.Th.Us. per lb. (or, conversely, rrB.Th.Us. 
per lb.»0*6655 xK.C.Us. per kilog.), whilst, in 
the case of a gas, a^K.C.Us. per cq[>io metre is 
equivalent to 011236 xB.Th.Us. per cubic foot 
(or, conversely, xB.Th.Us. per cubic foot 
=8*90 xK.C.Us. per cubic metre). For purposes 
of calculation, the CAlorihc value of a gas may 
often be exprosspd more conveniently in 
K.C U%. per gram-molecule {i.e. 22*38 litres at 
0'*C. and 760 mm.) than in any other form ; in 
such a case, xK.C.Us. per gram-mo]ecule=44'6R 
xK.C.U 8 . per cubic metre at 0® and 700 mm., or 
Siti xB.Th.I7B. per cubic foot at 0® and 760 mm. 

In cases where hydrogen enters into the 
Composition of a fuel, it is usual to differentiate 
between its gross and nd calori&c values, the 
former implying that the products of combustion 
have all liMn cooled down to atmosphmic 
tmp^ture (15®C.), the latter, that the heat 
Bbemted by condensation of the steam pro¬ 
duced oombiisricm. and by the subsequent 
' ' * 2 ^^ the water to 16* has not beoi included. 
^ difference between gross and net values will 


always be 11*106 K.O-0«. pw gram-moleenle of 
steam produced on oombimrion (=622 K.0.US. 
per kil<^., or 1119*6 B.Th.U8. per lb.). 

The determination of the calorific value of a 
solid or liquid fuel may be best carried out by 
burning a known weight of it in compressed 
oxygen in some form of bomb calorimeter, that 
known as tlic *B('H>helot-Mahler apparatus being 
well adapted for this purpose. In the hands cn 
an experienced worker, the method is a very 
accurate one, provided that all * the proper 
* corrections ’ (e.g. for ‘ cooling ’ and for the 
formation of nitric acid) are determined and 
applied; it unist be remembered, however, 
that the method gives the heat of combustion 
under ‘ constant volume ’ and not under ‘ eon- 
stant pressure ' conditions, and in the calculation 
of the latter from the oxiierimental results a 
propiT ‘ cojToction ’ must t>o applied. In the 
<‘ase of coals, the combustion of which is attended 
by very little change in chemical volume {e.g. 

1 lb. of a coal containing ('=80*0, H=6*6, 
S==l-0, 1^ = 1-6, 0=6*0, and ash =7*0 p.o. 
requires 135*2 cubic feet of air, and yields 130*8 
cubic feet of gaseous product at 0® and 760 mm.), 
the difference between the boats of combustion 
under ‘ constant volume ’ and ‘ constant pres¬ 
sure ’ is negligible m practice, but not so in the 
case of a hydrocarbon such as heptane 

fllO, =7(30,+8HaO. ' 

The calorific value of a gas is usually deter-'* 
mined by burning a measured volume of it 
I at atmospiu'i'ic pressure in a chamber sur¬ 
rounded by a Byslem of coils or the like, 
through whi(di a flow of water at a constant 
' lieud ’ IS maintained. By suitable r^ulation 
of the pressure and flow of the gas and water 
[ supplies rospectivolv, the gas may be completely • 
! burnt and the neat developed transferred 
substantially without loss to the wator^ the pro¬ 
ducts leaving the apparatus at a temperature 
only slightly above that of the atmosphere. 
Several forms of tliis apparatus are in use, the 
must satisfactory being those designed bv 
Junkers and C. V. Boys respectively. Witii 
suitable modification {e.g. the provision of a 
differential thermojunction arrangement for 
registering the rise in temperature of the vmter 
on a moving chart), the method can be made a 
‘ recording ’ one. 

The boat of combustion of amorphoiw carbon 
is 8080 K.C.Uh. per kilog. when (M^mple^y 
burnt to the dioxide, and 2417 when to 
the monoxide; the values for the principal 
single gases (taken from Julius ThomBen^s 
researches) are as follows :— 

E.O.Us.per B.Th.Ua.^eab.ft. 

gram molecule a t0*a^760aai « 

Gross Kst Gtoss Ifet 

Hydrogen . 68*4 67*2 343*3 587*2 

Methane . . 212*0 189*6 1064*0 §515 

Ethane . . 370*6 336*0 1860*^ 16915 

Ethylene . 333*3 310*9 16785 16615 

Propylene . 492*7 459*1 24745 28065 

Acetylene • . 3105 298*8 16565 16005 

Carton monoxide 685 841*4 

Cyanogen . 2695 1308 

The gros^ values for single liquid fwk, kt 
IjLC.U8. per Idlog. are a-hdza&e=ll,620« beftMfte 
=16,260, toluenes 10,390, methyl al(Mliol=60Mr» 
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ethyl alcohol—7400. According to Jiiliiw Thom¬ 
sen, an incrooHo of in ascending an homo¬ 
logous gori*^ of hydrocarlMmu or alcohols corre¬ 
sponds to a constant incrooso of 15H'5 K.C.U8. 
in the gross vii1 (M! of tho molecular heat of 
combijstioii. 

It is not jjiiHsihlo to calculate the (calorific 
vaJiicfl of ooniptmnd fuels ruoB jw coal or 
|K)trolouiu from tlictr elementary analyses, since 
the h<‘at of comhuHtum of a coinjHumd is never 
equal to the suni of t lujso of its elenu'iif-H taken 
jiro|>ojrtionate]y. In tho case of hituiiiinous coals 
einpineal formuhe. sucli as : 

Q = 1 !()) j L>2r)0,si 

K.C.Ufi. per kilog., where (J, 11, 0, and S=per- 
eontage of eaibon, liydrogen, oxygen, and 
sulphur, have bemi proposed f(»r this puipose ; 
but they <'aimot be coiisuhu’ed as nior<‘ than 
approxiniaf.e)y eorn'ct. 'J’heni is oiten a fairly 
eK>8(5 agr('euu‘ut l»el vv(‘on Mi** results calculated ' 
by means of this fomiula ami tlios*^ actually i 
found by tho bomb «‘aloriniel.<ir in cjisos where • 
tho oxygen content of the coal floes not exceed ; 
about T'o p.c. In coals with a high oxygen ; 
oontent, however, Miere is usually a marked | 
di«agre-om*‘nt. On the oilier iiaml. smeo tho ’ 
properties of a gaflo»ms mixture an^ additive 
in re»{>oct of its constitiionis, tlio lieats of com¬ 
bustion of gaaeous fuels oi which the composition 
has boon accurately determined by analysis ■ 
{and this U]>phes more jiarticularly to such 
uai«t« as water gas or producer gas*, the eom- : 
buBtible constilm'uts ot which are hyflrogen, 
carbon monoxide, and methane only) may bo 
oalculatod from thos<^ of their eonstituenta. 
In the case of coal gas. where the composition 
of the heavy hydrocarlmns alxsorbublo by 
bromine is alwaj's uncertain, this rule is not 
striotly applitrable, although numbers calculated 
on tho assumption that tho heavy hydrocarbons 
have an average culorilic value equal to that 
of projiylene am generally not widely 

different from those determinod by tho 
calorimeter. 

Tho flo-call(Ml ‘ caloriiic intensity ’ of a fuel 
is an unscientifie t<uni, inasmuch as tho highest 
temjieraturo which a jiarticular fuel is capable 
of producing depends entirely upon circura- 
Btanoes whitui are, to some extent, indefinable, 
and difficult of control. Tlio notion that Iho 
oaloriflo iiitonsily of a fuel may bo deduoeil by 
dividing its caloriiic power by the mean specific 
heat of its products, is misleading, inoemuch as 
(1) tho Hpecilie heats of gose-s, and oapooially of 
st^m and carbon dioxide, increase witn tempera¬ 
ture, and at high temperatures are os yet not 
accurately known; (2) part of tho potential 
« enoivy of a fuel is dire<;tly radiaUnl away during 
combustion,,and does not appear os sensible 
heat in the prodneta; and (3) combustion is 
ordinarily not sufficionti^ instantaTfcous to 
warrant, tho assumption above referred to. 
Tho meaeurement of fumaco temperatures and 
the like is, however, of great practical import¬ 
ance, and many instruments have btH^n designed 
for this purpose {see PYROMETEy). These depend 
upon (1) tho variations with temperature in the 
pressure (at oon^t^t volume) or volume (at 
constant pressure) of a gas whv^b does not 
apprtfoiably deviate from Boyle’s law (air 
tnormometor); (2) tho production of thermo¬ 


electric currents (thermojunction methods) | (3) 
the increase in the electrical resistance of a 
platinum wire with temperature (resistance 
methods); and (4) tho vanation with tempera¬ 
ture of tho radiation omitted by an incandescent 
solid as d(;fined by Stefan’s law (mdf^ton 
'pyrofttclrtf). Metlioi^ (1) to (3) inclusive, 
wliilst capable of great a(!euracy, aro practically 
u.seful up to M'inpt'raturos of 1000^-1200® only; 
they (!an bo made ‘ recording,’ however, and 
are. invaluable for recording the temperatures of 
hot gases passing into furnaces from ‘ regenera¬ 
tive ’ systems (hot-blast stoves, melting-fumaoo 
regenerators) or of hot product-a passing into 
ohimtieys. M(!tlio(l (4), whilst of relative sig- 
ndicance only, is invaluable for temperatures 
higher than 10(K)^; as a modilieation of method 
(4) may be mentioned variou-s forms of optical 
pf/romflrr.’i, in which the light emitted by an 
mcand(«cent surface is compared with that from 
a standard sonreo (c g. an amyl acotate flame). 

A. Solid Fokls. 

1. Satural FveU. 

All natural fuels of this class have originated 
in c*41ulo.se which, in fact,constitutes 

about 1)5 p.o. of dry woody tis-sue. The gradual 
transformation of vegetable debris into coal has 
proceedoil during nearly all geological epochs. 
All tho important coal-fi*4(ls adjacent to tho 
N. Atlantic •and Anitic areas (which include 
nearly all those of N.-W. Europe and tho K. 
part of N. America) originated in iho Carboni¬ 
ferous Period of the Primary Era. 'I’lie ‘ Indian 
Ocean ’ group of coal-lields (which include those 
of (’hina, India, Australia, and S. Africa)* 
originated in the somewhat later Permo-Carboni¬ 
ferous Period. Mesozoic coals are found in the 
interiors of N. America and Asia (intra-con¬ 
tinental group); whilst Tertiary coals are 
chiefly found m the Pacific borderland (W. of 
N. America, Japan, and Now Zealand), as well 
as in regions bordering on the Gulf of Mexico 
and the Meditorrauoan. Tho vegetable forms 
which flourished in the (’arboniferous Period 
were of simpler structure, but of much greater 
size, than those which are predominant to-day 
(gigantic fenw, dub mosses, horsetails, and 
forms intermediate between ferns and cycads), 
and it is demonstrable that in certain cases 
(c.*/. the Mpisa seam near Loughborough in 
Leicestershire) entire beds of cod have bwn 
formed from tho spores of such plants. 

At one time it was generally believed that 
coal formation had taken place upon the actual 
site of growth, the requisite conditions being 
dense forests in swampy areas, togethqr wi^ 
oscillations of level, the coal-measures produced 
during a period of subsidence being overlaid by 
beds of water-deposited clay or sandstone, 
which, on re-elevation, formed the soil for 
renewed forest growth. Hence coal is found 
in strata of undoubted estuarine or lacustelne 
origin (Carboniferous, Jurassic, Gretaoeous); tiie 
common occurrence of * under-clays ’ in the 
coal-measures is cited in support of this hypo* 
thesis, which probably is true for some Bxiorii 
coal-fields. It has been contended by sone 
g^logists that in many cases the tratMonns- 
tion of vegetable dSbris into ooal has taken 
place not upon the site ot growth, fafot alter; 
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tnuujMrtation by river currente and depositton 
in dratas; it has also been suggested that 
owtain co^-seams are of marine origin. 

There lias also been much sproolation and 
diversity of opinion os to the nature of the 
transformation process, and the factors operative 
therein; it is usually supposed that its earlier 
stages wore characterised by slow oxidation 
under water or other covering suflicient to 
protect the decayed wood from direct atmo¬ 
spheric action, and that supervening upon this 
were changes gradually brought alxnit by 
increasing pressure ami toniporaturo as the 
deposits were overlaid and ‘ blanketed ’ by 
accumulating newer Mraia. The final transition i 
from a bituminous coal to antliraciti^—if such, I 
indeed, has taken place—may be attributed (i.) 
to intonso earth pressure accompamed by 
seis^o disturbance; or{n.)tothelaWrintrusion 
of igneous mutter from below. It sliould, 
however, be stalisl lliat in some instances at. 
least there are grounthi for believing that 
anthracite has been formed from vegetable 
mattcu* of a kind (list,met from that comorned 
in tlip formation of bituinmous coal, witliout 
nocossarily pausing through the intermediate 
‘ bituminou.H ’ stage {ride, suction of this artude 
on British (.kjal Fields (1) .Vou/A Wulrs, p. 202). 
M. Renault, from an e.vtcnsive study of j»eat 
formation, lias advance*! the hypothesis that 
the ehic'f agents in the early stages of 1h<‘ 
transformation process have <‘ertain 

aerobic fungi, and anaerobic baetoiial ferments, 
tho relative activiti<‘s of which would depend 
upon the varying wat<‘r-IcvoI m the bog and 
the formation of ulniie acid. He reprosente the 
transition from cellulose into bituminous coal 
by the equation : 

(CgHgO would contain C —831, H=4 t>, 0 
= 12*3 p.c., which ajiproximates to tho comjiosi- 
tion of many bituminous coals.) Jiut whatever 
may have been the nature of the process, it is 
generally agreed that the existing coal-measures 
represent some 20-25 p c. only of tho weight of 
tho original cellulose, and loss than half of its 
heating value; in a few cases, where the 
original vegidablo d^hris has undergone local 
‘ petrifaction,’ it has been established that tho 
shrinkage in bulk during transformation into 
coal has been of the order l>: 1 approximaUdy. 
The composition and calorific valu^* of the dry 
ashlcss cellulose and intermediate products up 
to coal itself is shown in tho following tabic :— 

K.C.Ua. per 

C H OaudN kilog. 

OcUulose . 44 5 6*2 49*3 4107 

Wood • . 50-0 0 0 44-0 4000-4300 

Peat . 50-04 4-5-0'8 28-6-44 0 5000-6000 

Lignites . 60-75 5*0 20 0-35 0 0000-7000 

Bituminous 

coals . 75-90 4*6-5-6 5-5-15-0 8000 9600 
Anthracite 90-96 2*4 3 0 9200-9800 

Wood when dry consists of about 95 p.c. of 
c^ulose and 4 p.c, sap, associated with a small 
^ount of mmeral ash (chiefly CoCOa and 
■ ^COa). Recently felled timber contains a 

proportion of water which ‘ air-diying ’ 
nauoQs to about 20 p.c. An ‘-air'dried ’ wood 
ii cussed as * hard * or ‘ soft ’ according as its 
exceeds or falls below 0*66 j * hard * 
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woods are ices inflammable than ‘ suit ’ varieties. 
As a fuel wood is vorv combustible, and bums 
with a great amount of flame; it is well adapted 
for domestic flres and the firit^ of tubular 
boilers, its low content of infusible ash making 
it a clean fuel without a vestige of ‘ clinkering” 
propertim. Owing to its largo content of 
hygroscopic, water, it is quite unsuitable for tho 
attainment of high temperaturiM, unless it first 
bo carbonised (charcoal), or bo gasifiod in a 
producer. On distillation iii closed retorts or 
chambers it yields, under favourable conditions, 
20-25 n.c. of char<-oaI, 9 I3 n.e. of tar, 40-45 p.c. 
of cruuo ‘ pyroligneous acid ’ (eontwponding to 
2-4 ji.c. unhyd. acetic acid), ami 22-32 p.c. of 
inflammable gases. 1 ’he chief iimbur-producing 
countries are tlioae which bt'foro the war 
compritM'd tho ItuHsian Finpire with 920 million 
acres of forests (575 in Europe and 360 
m Asia), Canatla with 800 million iwjros (of 
whieli probably less than half represents timber 
of commercial value), tho Uniti'd JStates, Norway, 
anil Sweden with 70 million acres, and Germany 
with 35 million acres. Russia was, however, tho 
only European country whicli Insforo tho war 
produced more timber tlian it required, ft is 
as yot too soon to estimate the effects of tho 
war upon timber supplies. 'J’ho rapid de- 
inolitKui of tlie world’s roserves is becoming a 
serious economic problem, and it i4 improb^de 
that wood will ever again take important rank 
a.s a fuel. 

fu countries where wood, peat, or coal is 
scarce, vegetable refuse (cotton stalks, brush¬ 
wood, straw, &c.) IS u.scd os fuel for tubular 
boilers ; as a rule it has between 70 and 80 p.c. 
of the heating value of di*y wood. 

Peat is a widely distributed and abundant 
fuel of great future jiotentiality, it being 
estimated that the amount of combustible 
matUir in the world’s peat deposits exceeds that 
m ail tho known c(»ai-fieids. It is principally 
found in high latitudes ; one-seventh oi tho 
area of lr(‘land is covered with peat, whilst in 
Great Biitam there are about (t million acres 
eoviTcd to an average depth of about 12 feet. 

; Exti'iisive deposits occur in Russia, whore peat 
I IS an imjiortant metallurgical fuel, in Scandi* 

I navia, N. Germany, Bavaria, Austria, Italy, and 
; N. France, to mention European countries only. 
Also considerable attention has recently been 
I paid to peat deposits in (Canada {vid^ Imports 
! by A. V. Anrep and B. F. llaanel of the Canadian 
i Department of Mines, 1912-1914). Peatdepc^its 
: vary considerably in age, tho oldest having a 
! dark-brown or black colour, with but merest 
truces of its original organic structure, whilst 
the recent varieties are light-brown in colour, 

; of spongy texture, with distinct v^etable 
'structure; unlike wood, it oontahw a fairiy 
I large and variable proportion of mineral aan 
! (5 15 p.^. as a rutb) of (usually) infusible 
character. The composition of the ask voriai 
I considerably; sulphate and carbonates of lime 
i and mc^esia, ferric oxide, and silica being 
i usually tho«no 6 t prominent constituento. 

! difliculty in the way of utilising the potontiiU 
I energy of pout for economic ends lice in the facb 
I that even a well-drained peat-bog contwiw 
I 8<>-90 p.o. of mter, for tho evaporation of wbioh 
I more energy would be required than is repiw- 
1 sented by the whole fuel'’ value of the 
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(^neequflatiy, ' air-drying ’ liati hitherto been | 
tmivenally renortod to, but aa this can only be | 
oarriod out during the summer months, and , 
must obviously depend upon climatic conditions, 
it cannot bo cuasidcrod seriously as a means of . 
preparing large quantities of peat for the 
market. Mortjovor, ‘ air-dried * j)eat still con¬ 
tains from 115 to 25 p.c. of water,^its calorific value 
(which variw between 22!15 and 4307, witli 
an average of about 3(M)0 K.(J.lJs. jssr kilog.) 
is usually considerably Ichh than half that of a 
biturainouH coal, whilst bulk for bulk its lieating 
power probably <loeH not cx(!ced oiio-tiightli 
that 01 coal. Dry ‘ashh^ss’ j)cat conluins , 
(J=6(M14. ()--=-2K-44, and N=-()'5 

2*5 p.c., its (wl. valuo=52(>(l K.O.Us. per kjlog., 
and it« sulphur content is low. 

As nicently as 11)05 the Royal (^nnmiHsioii 
on (kml riuppHes n-ported that * %n order (o vuih. 
the manufaciurc o/ jn’M fuel a svccr.s/t m Ihia 
countrf/, H in mccjimri/ lhat ftmte procenn should he 
discovered hy which the vumiare can he got rul 
of without “ and at a cost which 

would not he prohhtlive; at present there is no 
such •procenn.' In 1000, liowevcr. the lute Dr. 
M. Ekenherg jirepared » proci'ss of 'wet inr- 
bonisation ’ as a jiraciical solution of the problem 
(Jour. Iron an(l Steel liiKtitute, 1000, i. 313). 
This process was hased upon the supjKwition 
that ‘ pcat*sul)slunce ’ eonsistM of vi'gotable 
dibriSf the ccUh of wlii<’li contain and are 
Murroundcil by a slnn\ ' hydroedlidosi,' funned 
by prolongeil contact of the original cellulose 
with waUT. It was furtlicr supposed that 
altliough this constituent is present to th(' 
extent of 0‘2-r2 pc only, it is in the form of 
an Gnorniou.siy swollen )elly of the consistency 
of soft-soap, eoiilaining as much us 25 tinu« its 
own weight of water, which latter cannot bo 
ex{>ellod by tnci'lianicnl jircssure unless tlie 
supposed ‘ liydroccllulose ’ has been previously 
hytfnilyscd. It is claimed that tliis can, 
however, lie rapidly acconijilished by water 
at 15U®"200'’, forming the soluble de-xtryse, 
and peat pulp ho hydrolysed readily j>arts with 
its water under hydraulic pressure. 'I’he 
Kkenboiy imwcss (jis originally proposed) con¬ 
sists in forcing a nulp containing 121 p.c. 
of peat Hulwtance aiui p.c. of water at 
220-3tK) Ibft. per sq. in. pnwsuro through a 
series of tubes heated cxR'mally to about 2<M)®, 
the operation Indiig coinbineil with a system of 
heat reciiperalion, whereby the outgoing hot 
* carbonised ’ peat imparts heat to the incoming 
cold pxilp. The ‘ carbonised ’ pulp is dehydrated 
by niecnanica! jircasurp, and the deliyiiratod 
fud is subsequently briquetted. The proce.s8 
haa not, however, odvanotHl beyond an experi¬ 
mental stage. whilst doubts have been expressed 
as to the validity of the ‘ hydrocellulose ’ 
supposition on which it is based. Meanwhile, 
attempts have been made, with some measure 
of suooose, to expel the greater part of the water 
contained in raw peat by a process of mechanical 
pressure combined with a dtyree of heat 
materially below that proposed 1^' Ekenberg 
It seems possible that a pressed cake containing 
only 60 p.o. of water can be so produced, corre¬ 
sponding to expulsion of nearly 90 p.c. 
ol the water miginally present in the raw peat, 
and that a eolation of the peat fuel proolem 
may ultimately be found in wts direotioiL 


Tlie Fuel Research Board issued, in 1920, a 
report upon the “ Peat Resources of Ireland *' 
(Special Reports No. 2), and more recently a 
further rc*port on “The Carbonisation of Peat 
in Vertical Gas Retorts ” (I’echnioal Paper No. 
4), to which the reader is referred. 

Peat containing as much as up to 60 p.c. 
moisture lias been successfully gasified on a 
large scale in gas producers under ammonia 
recovery conditions (vide pROUtJOER GAS) ; the 
following results liavo been obtained on Mond 
plants :— 


Origin of peat 

(iernian 

Italian 

English 

Per cent, moisture . 

40-00 

45 

S7-6 

„ nitrogen 

Yield of gus III cub. ft. 
at 0" and 700 mm. 

10 

1'58 

2-8 

per ton diy peat 
Gro.ss cal. value of giw 
IkTRUrt. per cub. ft. 

85,000 

60,000 

90,000 

at 0® and 7(>tl mm.. 

150 

106 

134- 


The richnt«H of the gas depends upon the 
moisture in the peat; wlicrc the moisture is not 
excessive, the gas may contain as much a8^5>-40 
p.c. of corabustibh’ coiistituenta, c.g. 9'8CO, 
23‘2H2, 4‘8CH4, with 20'3COi. It Beenis 

probable tl\at a ton of dry peat is capable of 
yielding u]) to DO.tKK) cuL. ft. of gas ‘of an 
average gnws cahmfic value of 140 B.Th.Us. 
per cub. ft^ Part of this would be required to 
lire the boilers and to work the ammonia 
recovery plant, the remamder being available 
for heating or power purposes outside the * 
plant. In addition to ammonium siilpliate, 
it slumld Ik; possible to recover other by-pro¬ 
ducts (tar, acetate of soda or lime, acetone, 
WTiod spirit). 

) With regard to powi'i* production from 
I peat (n'a gas producers and internal combustion 
[ engiims) tests madi' at th<- Find Testing Station 
at Oltrawa by tlic Canadian Department of 
I Mines in 1010^1911 showed that the itonsump- 
: tion of fuel jht liome-power hour (including 
stand-by losses) is for fuel load. 1*7 lb., and for 
t hrt'e-quarter load, 2'1 llw. of dry peat. 

Lignite and Brown Coals. Under this general 
f(‘rm arc inchub'd coals (intermediate between 
peal and bituminous coal) of Cretaceous or 
'I'ertiary age. 'I’hey are widely distributed, 
(1) in whet may be termed the ‘Pacific Border¬ 
lands ' (N.W. America. Japan. Australia, New 
Zealand, and the E. Indies); (2) in regiems 
adjacxuit to, or in continuation with, the Gulf 
<if Mexico; and (3) in regions north cd the 
Mediterranean, including the Central European 
Plain. Cretaceous coals of the lignite class occur 
over a large area between lats, 49® and 43® N. 
and long. 100®-107® W. (the states N. 
Dakota, Montana, and W^yoming) in N. America. 
Lignites occur also in Canada (Manitoba, Alberta, 
and Saskatchewan); whilst there are enonnmu) 
deposits of brown coal in Australia fVictonaV 
of gn'at {M)tentiai value. Indeed the total 
thieknesH of the Gippel^nd deposits at MorweU 
(Victoria) amounts to about 780 ft of codl 
within 1000 ft of the surface; and it ia 
anticipated that before long not only will the 
CSty of Melbourne derive the whole of its 
electric {Kvirer 4rom them, bnt also thlit the 
1 Victorian State Railways wiB be woihedefaiofeti^ :. 
) oally from them. (Cammed acoordiiig to 
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obmoten snd geologioal »ge, l^tes ue usuftUv 
divided into (1) w(my or fibrous brown ooiJ, 
wi^ • distinct ligneous struoture; (2) earthy 
Ugoite devoid of organic structure and ^lly 
powdered; (3) common brown ooai, with a 
slatey cleavage and dark-brown oolour» e.g. 
Bovey coal; and (4) bituminous lignite, pitch 
black in colour, and having a conchoid fracture. 
Up to the outbreak of tlie war lignites wore, 
relatively speaking, of little jeconomic imjiort- 
anoe except in Germany and Austria-Hungary, 
where (in 1913) 87*1 and 27 4 million tons 
respectively wore raised for home consumption. 
Tbe war has, however, greatly enhanced the 
importance of lignites, l^th as fuels and as 
the ra.w materials for the manufacture of motor 
spirit, fuel oils, waxes, &c., by low temperature 
distillation procossos, the carbonaceous residue 
from which may be briquetted after admixture 
with a pitch ‘ binder.’ Frtishly-mined lignites 
may contain up to 50 p.c. of water, which, on 
air-drying, is usually rcduwjd to between 10 and 
20 p.c. : many varieties, when completely dried, 
crumble to powder, which, however, may be 
again consolidated into a serviceable block fuel 
by pressure. The ash content usually varies 
between 5 and 15 p.c., but may run coriHidorably 
higher. The composition of tlie dry ‘ ashless ’ 
fuel varies between the following limits : C~ 
fiO-75, H=5, 0 = 19-:U, N=()-5-l*5 p.c., and 
it has a calorific value of fK)00-700^ K.t^Us. per 
Lignite burns with a very long smoky 
flame, and is generally non-caking (i.r. it does 
not yield a coliercnt coke); it is largely used in 
Germany and Austria for firing boilers, and for 
the heating of evaporating ])an.s, the better 
qualities being sometinuMi used fur metallurgical 
purposes. Like peat, it may bo gasified in 
producers. W. A. Hone has desorified a heat 
treatment of dry lignites and brown coals 
at temperatures below 400'" 0. whereby a 
oonsideroble condensation in their collulosio 
or humic constituents may be effected, w*th 
Bimultaueous elimmation of H.O and CO,, but 
without any expulsion of either H or hydro¬ 
carbons, which may l>e employed to enhance 
their fuel values (Proc. Royal Soc. 1921, A. 99. 
p. 236). 

BItiuninoqS coal. This term is applied to a 
whole series of ‘ flaming ’ coals of rrimary or 
Mesozoic origin, and it includes all the economi- 
oediy important coals except anthracites. More 
than 90 p.o. of the world’s total output of 
1260 million tons of coal in 1913 (including 
anthracites, but excluding bgnites) was due to 
six countries (United States 562*6, Great 
Britain 287*4, Germany 191*6, France 40*1, 
Kussla 28*8, and Belgium 22*8 million tons 
respectively). Taking a series of nine quin¬ 
quennial averages over the period 1870-1914 
indusive, the output of coal in Great Britain 
has inoieaaed from 121*5 to 268*2 million tons 
per annum, whilst the annual consumption per 
head of population has increased from 3*5 to 
4*3 tons, it is estinated that the available 
suppliee within 4000 feet of the surface in Great 
Britain amount to about 580 times her output 
In 1913. 

In 1920 only 229 3 million tons of coal were 
ha Great Britain, at an average pithead 
^ ^* P®** Almost exa^ly four 

the oorraepoD^ng pre-war figure. Hm 


amount of coal raised p«r person esnidoyfid 
at British mines had ialm from 259 tona per 
annum m 1913 to only 190 tons per annum 
in 1920. 

According to the Report upon the World's 
Coal Resources issued by the Intemationai 
Geolc^ical Congress in 1913, the totdl possible 
and probable reserves of coal of all kinds 
(anthracite, bituminous, and lignites) within 
fK>00 feet of the surface amount to about 0)XK) 
times the present total annual consumption. 
Of these reserves, 6*75 p.o. are anthracites 
(mainly iu China), 52*75 p.c. are bituminous 
coal, and 40*5 p.c. arc sub-bituminous (lignites 
and Tertiary brown coals). 51*8 p.c. occur in 
the Umted States, 1<>*4 p.c. in Canada, 13*5 
p.c. m (/hina, 5*7 p.c. in the then German Empire, 

2 fl p.c. in Great Britain, 2*3 p.c. in Siberia, 
and 2*2 ]».c. in Australia. South Amoripa and 
Africa are relatively devoid of coal-lields. 

Fur commercial purposes, bituminous ooaUt 
are clasHitlod according to their suitability, or 
otherwise, for certain sjiocilio economic ends, 
e.<j. steam nvising, furnace firing, gas making, 
manufacture of dimsu mctallurgictu co^, and 
the like. The usefulness of any given coal for 
a particular purpose diqxmds principally upon 
(1) its content of ‘ volatiles ’ expelled at 900®- 
I0(K)’, which largely deterniincB the length and 
chara(‘.ter of the flame emitted difting vigorous 
combustion; and (2) the character of the 
carbonaccouM i*e4iiduo aftor the ‘ volatiles * have 
bccu cx|>olled at high temperature, which 
doubtless in part depends upon the nature and 
mode of decomposition <if a certain ‘ cementing ’ 
constituent of the coal, and partly also upon 
the character (fusibility) of the mineral ash asso- 
; ciatod with it. For economic purposes, Peioy 
proposed to class bituminous coals as (1) non- 
caking, free burning, rich in 0 r* (2) caidi:^; 
and (3) non-caking, rich in C. Several classiflca- 
tions have boen proposed based upon the 
ultimate composition pf the dry ana ashless 
coals. One of the most useful is that generally 
attributed to the French metallurgist Griiner, 
but in reality duo originally to Rognault. In 
a modernised form it is as the table on p. 256. 

Some authoriiioH regard the B.^nault-GrfiiMr 
classification as defective, in that it is based 
chiefly on the ‘ oxygon ’ content of the coal, 

: which bears all the analytical errore, and also in 
that it underrates the importance of hydrpgon. 
C. A. Seyler, a.s the result of a special study of 
the coals of South Wales, has proposed a chemical 
classification based upon the peroontages of 
carbon and hydrogen in the pure coal substanoe, 
and dependent on (1) the hydrogen content,' 
and (2) the C/H ratio, as follows : — 


Genus 

! V.o. H 

Ratio C/B 

• « 

i 

i- under 4*0 

over 

2. Carbonaceous 

1 4'(M-6 

20’3-28-36 

3. Semi-bitumioouB . 

1 4-6-6-0 

16-e~30-4 

4. Bitumifloas . 

1 oo-fi-s 

i4-e-i8« 

5. Ferbituminous 

[ over 6*8 

12-9-U-7 - 


The U.a Qoolpgioal Survey, independentiy of 
! Seyler's work, have also adopted the 0/H 
the bestmvall^ basisfor thepuipfloemseieaMfio 
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The KEaffAULT-ORi'NER Ci^ssification of Coals (as Rbviskd by the Atjthoe). 


1 


Percentage composition 

P.c. 

P.c. 

Character of 

j Genus Class 

Chief UBCH 

C 

U 

O+N+8 

ut 

OOO" C. 

fixed 

carbon 

residue 

A 


i (iO 

about 

20 

above 

below 


I LigniUHi Non-cuking 

— 

to 
; 76 

6-0 

to 

35 

45 

55 

Noii-cohcrcnt 

L) 1 Non- 

Ilcvcrberatory 

7fl 

4*5 

16 

4(1 

55 



to 

to 

to 

to 

to 

Non-cohorent 

hiiig f!amc< 

funiuces 

i 80 

5 *5 

20 

45 

(iO 




, 80 


10 

32 

(K) 

Veiy porous 
coke 

12| Caking 
^ long flame 

Gos-making 

to 
' 86 

6*0 

to 

16 

to 

4(1 

t<j 

•(;8 

Bituminous 


81 

6 0 

6-6 

2(i 

08 


[.*{J Hard 

Coke rimnnfactun 

to 

to 

to 

to 

to 

Dense coke 

coking 


8!> 

5-0 

11*0 

32 

74 


HI Jl'ml 

(Joke inanufacturt 

88 

4 6 

5-6 

18 

74 


c'okinj; 

and 

to 

to 

to 

to 

to 

Very dense coke 

Hliort (lame 

•Steam raising 

00 

6 6 

(ifl 

20 

82 

n.c. 


IK) 

4 0 

4*0 

15 

80 


Semi- Non-caking 

Steam raising 

to 



to 

to 

Weakly caking 

bituniiiious#* Hliort flame 

»2 

4n 

.V.-, 

20 

85 

ornon-coherent 

11 ] Anthra- 





8 

K> 


eitic 

Steam raising 




to 

to 


Anthimntic """-‘’‘'''■'R 


5)2 

to 

3 0 
to 

ao 

t,o 

15 

02 

Pulverulent 

Domestic and 
cent ral beating; 

1)4 

4-0 

4*5 

below 

uilOVC 

1)2 


non-caking 

malting kilns 








All tlio min>erical data in tho above table refer to the dry aslib'ss coal. 


oloBsifioation. J11«, however, clear that, pending 
a much fuller knowledge than we now p(>88eB8 
rospectiiig the j)roxmnit<! eoiiKtituenU* of coal, 
noither of the above ehiHsiiieationH can be 
considered Hatisfactory in any linal sense. 

In the selection of a ctml for any particular 
purpose, the following points shoiild be borne 
in mind: (1) the bent * {/a.y conin' arc those in 
which the ratio 0: H is approximately 2:0; they 
yield from 30 to 38 p.c. ‘ volatiles ’ (reckoned 
on the dry ashless coal), and a fairly porous coke 
of no great stwngth; (2) the best ‘ coking 
coaii ’ usually yield between 20 and 30 p.c. of 

* volatiloB,’ and are strongly caking; the best 

* efcam roaln ’ yield lees than 20 p.c. of volatiles, 
aro, as a rule, non-caking ana smokeless, or 
nearly so in their combustion; (4) for ' gan- 
prodveer ' purposes it is desirable that a (Kial 
should be non-oaking, and have an infusible 
ash. The caking properties of a coaj depend 
upon its containing certaii^ organic compounds 
(extractable by means of pyridine) which 
decom}K)se when heated. yicl<hng ‘ volatiles ’ 
and a small amount of a pitch-like cement which 
acts os a binding material in the Testtitant<coke; 
ceitris faribm, a caking coal w'ith a fusible 
ferruginous ash will yield a stronger coke than 
one of similar age and composition with a 
higUy ailicious ash. Non-ca^o^ or feebly 

coals are either (I) those of greatest age, 
fa^h m carbon and low both in oxygen and 


‘ volatiles ’; (2) those of comparatively' recent 
origin, with a high oxygen content; or (3) those 
.from ^oxijined* eeams which have at some 
period been exposed to atmospheric influence. 

1 Variations in the thickness of the overlying 
j strata seem to influence the coking properties 
of a weakly caking coal-seam. For coking 
I purposes, it is often advanti^coua to mix a 
i weuWy caking, short-flame coal, rich in carbon, 
j with one which cakes well but yields much gas. 
j Finally, it should bo observed, that a caking 
I coal loses its ooking properties on prolonged 
expo8Ui*o to tho atmosphere. 

Besides the elements already referred to, 
coal (ashlcss) contains two others of importance, 
viz. nitrogen and sulphur. Tho nitmgen, 

I although present to an extent of. between! and 
I 2 p.c. only, is of great economic value, since it is 
I tho source of 96 p.c. of tho world’s entire output 
of ammonium salts. As the results of exhaustive 
testa upon some 80 Scottish coals (N«0*9i6- 
' 1*873 p.c.) at the Provan Gasworks, Glasgow, it 
has been found that under the conditions 
prevailing during distillation in a modem gas 
retort, awut 68*3 p.c. of tho total nitn^en 
remains in tho coke, 19*6 p.c. appears aa fT in 
tho gas, 17*1 p.c. is obtained as ammoma, 
3*9 p.c. passes as organic baaes into the tar, and, 
finally, 1 *2 p.p. k evolved as oyano- compound. 
Also, as the results co^n^a Ilorhaoi ooiii 
oonuining 1*67 p.c. K in OHo Hilgasstook 
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at Biayden-oa-Tyae, A. bfaort (J. Soc. Chom. 1 1*2-1 *3) from whioh a separation cmi bo oSoctod 
Ind. 1907, 581) found that 43*31 p.o. of the | by mochanical washing, and the true or * flxodr* 
N remained in the coke, 1510 p.o. was recovered ash of tho coal, which is disseminaiod throughout 
as NH,. 2*98 p.c. ap{>eaK‘d in the tar, 1*43 p.c. its entire mass, and cannot bo so removed. A 
as oyano compounds, the remaining 37*12 p.c. pure white ash whioh the writer once obtained 
representing N in the gus. Tho temperature at uoin an Australian coal contained 53'4SiOg» 
wiuch tho evolution of ammonia begins when r 44 * 0 AljO 3 , together witli some 2 p.c. only of 
coal is heated seems to (lejx'nd on its geological hme and tho niorest traces of forrio oxide, 
ago. Carrick-Anderson, and llol>oi-t 8 (J. Soc. Usually tho ashes of coals contain, in addition 
Chom. Ind. 1891), 1099) give 333“ as tlio lowest to AI 3 O 3 and vanablo proportions of 

temperature for NIU, evolution from a young UaO, MgO, KojOg, and SUj (ehiotly as Ca 804 ); 
gas coal, and state that with coal of an tdder the colour van(s< from cream or light-buS to 
type it may rise to about 480'. Hilgenstock has red-brown, a(;cordmg to tho iron content, and, 
found that the principal evolution of NU 3 os a rule, tho fusibility increases with tho darken* 
occurs after the caking stage of the cLstilla- ing colour. The ashes of a typical Lancashire 
tion has set m. .M. (». (’hnstie {Inaug. Dish, coal will contain SiO.^—25-40, Al20j=l9-28, 
Aaachen, 1908), in an invcsligation upon peat, Fc^()3~22-32, ('aO—3-10, MgO up to 3*6, and 
gas coals, and anthraciUw, Inus shown tliat SOj -3-8 p.c. A fusible ferruginous ash is a 
evolution of N\lj begins at about .3.50“ in the constant and ]>rolilic source of olinkenng troubles 
case of a gu.H coal, ami at 450“ 111 tiu-. ca.se of in furnaccH and gas producers. Acoording to 
anthraciUw, and that the princip.al evolution J. '1'. Dunn the melting-point of a ooal ash 
occurs bc'twceii 500' and 700“; according to may vary between KKIO'*'and 1500'0. (or oven 
Christie, also, that jiart i>f the N which remains higher) according to its chemical eorapositioiv; 
in the coke is present in an cxtiaordiimry stable and, altlumgh no general law can yet be foruiu- 
* nitride ’ form, and is only slowly exjielled as late<l, the m.p. usually rises as tho relative total 
the teuipcmtiire is raised liom iHHr to 1900". rnolccuhir proportion of basic oxides to silica 
From this It Would appear that the N is prc.sent diriiimshes (Journ. Koc. Chom. Jiid. 1918, 37, 
in at least two distinct forms, viz. (i.) as organh; p. 171). 

compounds wlneh decompose af. a temperature Whilst the majority of organic solvcnto 
lielow 900'“, and (li.) in a stable ‘ nitride ' form, (other, alcohol, chloroform, bcnzei^) have but 
Hargcr (J. .Soc. (!hein. Ind. 1914, 389) lias little effect upon coal, IJodson has called 
su^ested tliat the ‘ umraonia-yiolding ’ N attention to tho remarkable solvent action of 
exists in a side chain m tin' jiarent molecule, pyridine (b.p. 114*5") (J. Soc. Chom. Ind. 1908, 
whilst tho more stable ‘fixed nitrogen’ is 27, 147). The coal should be ground so as to 
present in some ring foruiati<»n. pass through a sieve of 1000 apertures per sq. 

Sulphur must always be considered as a, m., then mixed with sand and extracts Mdth 
deleterious element m coal ; it appears in throe ' tho solvent in a Soxhle-t ajiparatus. The 
forms, namely, ( 1 .) u»s ])yrit('.s FeSg; (ii.) as ' rosidiiaJi carbonaceous material is always quite 
sulphates (gypsum); and (hi.) as ‘ orpaaicdevoid of coking properties, 
sulphur. Altliougli jiartly cxpolled (chiefly as Tho pyridine solutions so obtained are dark 
HjS, CS.^, and thiophen) on distillation, the , brown in colour, with sometimes a green fluoree- 
Hulphur IS largely retained (chiefly as FeS and ccnee,and the pniportion of the coal substances 
OuS) in the coke ; it is impossible to ]»roduce a ox^'acted ranges from practically zero in tho 
coke low in suljihur from a coal who.se ash is ' case of anthracites up to between 35 and 40 p.c. 
rich ill Fe, Ca. or Mg compounds. According in the case of a good gas coal. Tho extract 
to A. Short {l.c ), in caking a Durham coal, remaining after tho solvent has been drawn off is 
containing 9*824 ji.c. S, in oy-product ovens, a chocolate-brown amorphous solid, which on 
72*6 p.c. of tho S remained in the coke, 24*0 p.c. ignition decomposes with intumescence, yielding 
was evolved as H«S, 1*45 p.c. passed into the a large proportion of ‘ volatiles,’ and a swollen 
tar, the remaining 2 p.c. being accounted for as ! residue of coke. From Bone and Sarjant’s re* 
gaseous products other than HoS. searches it would appear that in order to obtain 

Coal, when freshly mined, may contain much ; any reliable results with a series of coals by the 
water (‘pit water’) and some occluded gas. ; Soxhlet extraction method, attention mu^ be 
Most of the water is rapidly lost on air drying, paid to tho purity of the pyridine, and especially 
whilst the remainder (usually some 2-3 p.c.) is to its being anhydrous, and that the whole oper- 
oorapletely lost at 105". The occluded gas may ation should be carried out in an inert atmosphew 
be wthdrawn by continued exhaustion at the of nitrogen. Other oiganio bases, such as dSiU 
ordinii-y temperature ; from a Durham coal line (b.p. 184") and quinoline (b.p. 238") have a 
(Hutton seam) Bodson obtained 1*6 c.c. of gas per similar solvent action to pyridine, and in genend 
gram of coal; tho gas contained 002 = 4 * 35 , the higher the b.p. the greater and more rapid 
CH4=71‘16, 0-=2*80, and N tho action. Phenol also will extract (at 100®) 

^15*05 p.c. From a Lancashire coal (Lower ' considerable proportmns of the cool substances. 
Mountain Mine), R. V. Wheeler obtained 1*375 ! Mention should also bo made of the recent woik 
^c. of jjas per gram, containing NH,=0*5, of F. Fischer and W. Gluud upon the solvent 
"^"= 0 * 0 , C 2 H 4 = 0 * 4 , CO= 2 *l, C,H 4 = 8 ' 10 , action of benzene upon coals at temperatures 
CH4=80*35, 0=0*4. and N=7*65 p.c. | and pressii^ (288® and 50 atmos.) approximating 

The mineral ash in coal varies greatly in to the critical constants of the solvent, 
amount, colour, composition, and fusibility. A Tho work of R. V. Wheeler and Burgees upon 
^ di^Lction miwt bo ^awn between the h^vier the volatile constituents of eodi (Chem. 80 c. 
imimral matter, ‘dirt’ (pyrites sp.gr. 6*0, Trans. 1910„97. 1918; 1911,99, 649; 1914, 
2*6, and g^um sp.gr. 2*3), often 105, 131) has thrown an interesting light upon 
mined smaB cool (sp.gr. the chemical nature of coid. The behavionr of 
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eAtbraeitk), semi-bitumiriouB, and bituminous ; 
coals at dotiiuto tompcraturos between 100® ! 
and 1100® was carofuny investigated; it has ; 
been estabJishod (1) that 'occluded’ gases, | 
mainly higher parailins, are evolved in small 
quantities up to 150" or even 200®; (2) that 
there is a conious evolution of water {‘ water of 
constitution j beguiuiiig at about 200® and 
continuing up to, and probably beyond, 450®; 
(3) that^bctweeii 270'' and 300® lljjS is freely 
evolved, after which olefines (higher than 
CjHi) appear up to 350' ; (-1) that a ‘critical 

f ioint ’ is reached about 350 ’, which is marked 
>y a rapid increase in the gas evohiti<m and 
the appearance of much viscous oil; (5) that 
up to 450" or 500” higluir parathns, OjUj, 08ll8. 
(J 4 II 1 U, &c., as well as methane, ai<! con¬ 
spicuous ilocoinposition products, whereas Ji 
is produ(H*d in very small quantity ; ((>) that 
the evolution of paraflins ccaH<>H iuitirely at 
about 700'*, the absolute amount of CM^ rcai-hing 
a maximum at SOO'-tHK)"; and (7) that, between 
7tK)‘' and 800" tliero is a ‘ critical point ’ above 
which the (‘volution of Jl abrujit-ly and rapidly 
inon'oses. It has bwn shown hy J>. 'I'. Jones 
and Wiiecler, I’letet and Mouvicr, as wc'li iw 
by Bone and his collaboratore, that the low* ; 
tcmjM'raturc tars obtained on distilling coal | 
up 0) touij)(!raturcM of 500 or tiOO' consist i 
('hiefly of liydrucaibons of the najilitliciu'j 
(('nllj^) and hydioaroiiiatic series, t(»gether with ■ 
some pwafiliiB. luit not l>cnzeno or its homo- i 
logtios. Certain hydroxy comjiounds, such as ' 
hexahydro-p-ercsol (' 711 ^ 411 , os well us a series, 
of homologous jihcnolic bodies, including , 
CgUjoC (b.p. 185'’-ISMC). CgHijO (b.p. 108"- 
200®), (‘m*- 213”-2I6®), and C„Hig() 

(b.p. 220‘‘-22H"} liav<! been identified m such 
low-temjwratui-e taix. 'I’lie results of a large 
number of investigations carried out in recent 
years by British, French, and American chemists 
all point to the conclusion that tlie ‘ ash free ’ 
coal substance w a conglomerate of (a) celluit^if.' 
degradation products. {I,) nitrogenous compounds 
of vegetable protcid origin, and (c) rosinic 
bodies derived from gums, waxes, resins, &o., 
in the original vegetable <l£hn>i from which the 
eoal was formed. Up to recently, it has 
generally been supposed that the coking pro- 
penalties of coals are mainly due to their resinic 
constituents; but this has been disproved by 
Bone and co-workers, who have shown that the 
main cause of coking are certain tyqies of humic 
bodies whose softening or melting points Uo 
bedow the temperature at which active decom¬ 
position sets in. For a complete discussion of 
the chemistry of coal, vi^e ' Coal and its Scientific 
Uses,’ by W. A. Bone (1918). 

When bituminous coal is charged into a 
hot furnace, it first of all undeigoes a proo^ of 
destruotive distillation; its least stable resinous 
constituents decompose, and hydrocarbons arc 
freely evolved, which, on^partial oxidation or 
secondary decomposition, give r^e to carbon, 
together with minute quantities of dense tarry 
vapours (smoke) which are difHca|}^ to bum, 
except in an abundant air supply and ^ high 
temperatures. The residual ' somi-carbonisea ’ 
fu^, being raised to inoandescence, is burnt by 
the air. which is drawn in through the grate. 
If, as in intermittent stoking, tlie furnace be 
coded by a sui^n inrush of ^d air during the 


introduction of a fresh cliaigc of fuel, smoke will 
be freely evolved. The production of smoke may 
be greatly reduced by the adoption of continuous 
mechanical stoking, especially if it be on the 
‘ under-feed ’ principle, or by making the 
mixture of ‘ smoke ’ and /lol air impi^e upon 
an incandescent fireclay surface; the introduc¬ 
tion of a pre-heated secondary air supply near 
or at tiro lirc-bndgc of the furnace will often 
dimiiiiKh smoke. It is never possible to bum 
ooai in a furnace with th(5 theoretical quantity 
of air; thus 1 lb. of coal containing C=80*0, 
H^5-5, N=^.l-5, 0=5*0, and ash 

= 7*0 p.c., would, thooriAically, require 13(>'0 
(mb. ft. of dry air at 15" and 700 mm. for com¬ 
plete combuHtion, and the cooled gaseous pro* 

’ ducts would contain 18*2 ji.e. UOjj. it rarely 
liapp(‘ns, however, that the (-Uj content in the 
j cooled chimiK.iy gasoH from a coal-fired furnace 
; exoe(j(i« p.c., and the more usual proportion 
js from 8*0 to 10*0 p.c. Jn large boiler instal- 
latiuiiH, the adoption of mechanical stoking, 
together with automatic instruments for rocora- 
iiig tho tempciaturr' and CO.j content of the 
chimney gases, will bo hiund coriducivi; to fuel 
ocononiy. K. J. Conslam and 1*. 8clilapf(*r of 
the Zurich I'rufungsaiiRtall fill* BronnstoiT, as 
tlu; result of cxhaustivi! boiler trials with many 
different coals, conclude that those yielding 
between 10 and 2.*i p.c. of * volatihts ’ (referred 
to dry ashk*ss fuel) hav<' tho grcateijt steam- 
rai.sing values; with coals yielding a high 
xTceiuage of ‘ volatiles,’ there, is an excessive 
OSS on account of their ineoinjilcto combustion ; 
wiiilst, on the other liand, with a coal low 
in ‘ volatiles/ and which, therefore, yields a 
largo jMucentage of coke in the boiler furnace, 
a considerable cxc(jss of air must be. used in 
order to maintain combustion at a rate sufficient 
to ensure rapid ('vaporation in the boiler, and 
this means an excessive loss as sensible heat of 
the <;himnc.y gases, in trials on a marine boiler 
witli (‘oals yjtdding bidwecn 10‘5 and 10*1 p.c. 

‘ volatiles,’ (evaporating about 3*6 lbs. of water 
per sq. ft. of lioatmg surface per hour, between 
73*7 and 75*1 p.c. of the heat of combustion of 
the fuel was transmitted to the water, about 
20 p.c. was lost in the chimney gases (at 276®- 
303®), partly as s(m8iblo heat and partly as 
unbunit gases, another 3-3*4 p.c. was lost in 
tho ashttj, tho balance representing radiation 
losses (Zeit. des \’'or. dout. ingenieure, 1900, 
1857). In trials on a goods locomotive on tiie 
Furness Kailway, fired with Yorkshire, Lanca¬ 
shire, Cumberland, Scotch, and Welsh coals, the 
average boiler efficiency reported was 74*6 p.c. 
for an average evaporation of 8*65 lbs. of water 
per sq. ft. 01 heating surface (Pettigrew/*Jottr. 
Iron and Steel Inst. 1003, ii. 200). In coal- 
fired Lancashire boilers the efficiency realised 
rarely exceeds 70 p.c., and is sometimee much 
lower. 

Anthraeite is the ultimate prodnet of the 
conversion of vegetable matter into ooaL Ita 
average composition is 91*29 C, 2*91 H, 2*76 
O-f-N, 3*06 ash. Tho poroentc^e of N varies 
from 0*58 to 2*86; that of sulphur from 0*63 to 
1*0. Anthracite is hard and orittie; it has a 
Bub-motallio lustre, a conohoklal fracture, and a 
Bp.gr. of 1*35-1*7. It buxm with a smokeleei* 
I flame. Some vari^iiee (6.p. Wekh anthzaeiteB) 

< ctocrqEdtate coneideral^, -ma when gnbd«^ 
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heated. This property is not exhibited by the 
anthracites of Pozinsylvania. 

2. Carbonised Fuels. 

Wood charcoal. When wood is heated to 
200 ** without access of air, it remains unaltered, 
at 220® it becomes brown, and at 270°-300® it 
suffers decomposition, torrefied wood or Jtoth- 
hdz being formed. At 360® it is resolved into 
volatile products and a fixed residue of charcoal. 
Good charcoal produced at 350°'*400® is porous, 
black, sonorous when struck, has a conchoidal 
fracture and a ligneous texture. It burns with¬ 
out smoke, and in separate pieces without Hamo. 
Ita sp.gr., exclusive of pores, is l%'>-2; inclu¬ 
sive of pores, 0’2-0‘36 m soft charcoal, and 
0*35-0'6 in hard. Dry eharcoal contains on 
an average UO (.*, 3 H, and 7 U. After staring, 
it contains 70 45 (*, l*(i8 H, 13’1 O, I ash, 13'7fi 
moisture and gases. I'lie usual pe^centag(^ of 
ash is 3*4. The oarl>omsatjon or dry distilla¬ 
tion of the wood may bo i‘fTect<*(i in the open 
air in circular piles or stacks (Mcilor), provided 
with a yielding cover j in rectangular piles; in 
pits (the most primitive method); in kilns of 
brick or stone; or in iron retorts heated exU'r- 
nally (method used in the manufacture of gun¬ 
powder and of pyroligneous acid). The yield of 
charcoal varies with the nature, age, and con¬ 
dition of the wood, and with the method of 
carbonisation, from 31 p.c. by volume (hruiuh- 
wood of fir) to 80 (logs of the soino). In 
Sweden, 67 p.c. of the volume of the wood was 
obtained in piles m which the wood was stacked 
vertically, and 75 when stacked horizontally. 
The yield by weight ranges fr(»m 16 to 28 p.c. 
The more slowly the charring is effected, the 
greater will bo the yiel<l of charcoal. Ohareoal 
is an excellent fuel for metallurgical purjjoRes 
on account of its low percentage of ash and its 
high calorific power. 

Peat charcoal is very friable and porous, and 
consequently difficult to use in metallurgical 

Xrations. When sufficiently coherent, and 

m the percentage of PjOj is low, it may be 
used in low, small furnaces. The carbonisation 
may be effected in open kilns, in pita, or in 
ovens in which the air for combustion passes 
from above downwards, or by external firing in 
closed vessels, in order to enable the volatile 
producta of distillation to be collected. Peat 
charcoal is easily kindled, and haa^ a calorific 
power of 6600-7000 cals. It is not adapted for 
iron making, but may be used advantageously 
for gaa furnaces, on account of the large size of 
the lumps, absence of clinker, and the fact that 
the ash re^ily falls through the bars. 

Coke is the solid product of the carbonisation 
of coaL Tt varies considerably in external cha¬ 
racter. Far metallurgical purposes, the best 
coke is compact, heavy, homogeneous, with 
bright light-grey surface. It contains, besides 
carbon and ash, small quantities of hydrogen 
(0*2-l'2 p.c.), 03^gen (traces and up to 8 p.c.), 
nitre^en (0*4-1 *o p.c.), and * organic* sulphur 
(total S»»0'8-l*8 p.c.). The boat cokes contain 
upwards 90 p.c. C, and loss than 8 p.c. ash, 
wd should have a metidlic ring. Coke is only 
' Rightly hygroscopic, and when thoroi^hly dried 
not absorb more than 1-2 p.c. of moisture 
frem moist ah*. The moisture In coke put on 
the market should not exceed 3 p.c. Theoak«iffc 


value of dry coke oontaining 90 p.o. C and 
0*5 p.o. H is about 7460 K.0A1. per kih^. (cf. 

COKIS HANUJfACTURB). 

Semi-Coke (coalite) is the name given to 
the carbonaceous residue got by carbonising a 
gas coal at low temperatures (460®-600®). 
Various attempts have bwn made within recent 
years to monulacturo in this way a satisfac¬ 
tory smokeless fuel for domestic uw*, the chief 
difficulty being to produce on a lai^<f enough 
scale, and at a price comparable with that of 
raw coat, a fuel capable of being economically 
transported bv roil. AlteuiptH have been made 
to overcome this difficulty by either compressing 
the product whilst it is still hot and in apast^ * 
or intumcscont condition, or by briquetting it 
w'ith a suitable binder. A complete solution of 
the low-temperature distillation problem would 
not only be the best and most economical 
means of abolishing the doim-stiu smoke nuis¬ 
ance, but would also make available large 
quantities of motor spirit and fuel oils for 
commercial and naval purposce. Laboratoiw 
tests upon typical liritish bituminous coals 
have shown that on carbonisation at 660® to 
6 (K)® C. they will yield 10 to 15 per cent, of 
their weight of motor spirit and fuel oil, as w^l 
as 3000 to 4000 cub. it. per tun of rich gas. 
Also, it has boim proved that the resulting semi- 
coke burns with so high a radiant efficiency in 
domestic fireplaces that it would jiroliably con- 
stituio the cheapest medium of heating living- 
rooms by ‘radiation’ (vide W. A. Bone, Proo. 
Mech. Kng. 1921, p. 625).* 

3. Compressc i Fuels. 

Patent fuel (briquettoB). Numerous patents 
have been taken out for producing a good fuel 
by mixing various substances with sm^ coal in 
proportions sufficient to enable the mixture to 
bo pressed into a coherent block. Various bind¬ 
ing materials have been tried, t.g. soluble glass, 
asphalt, pitch, and tur|>entino. Meal made 
from potatoes was abandoned because the blocks 
were not water-tight. Coal tor (Warlick’s pro¬ 
cess) was tried at Swansea, the blocks being 
baked after compression, whereby a quantity 
of tar was recovered. On the Continent, c^u- 
lose (1). R. P. 7690, 1879) and treacle (D. R. P. 
31716, 1884) have l^en tried. Pitch made from 
coal tar has boon used for many years with 
great success. Two modes of manufacture are 
in vogue in South Wales. In the dry process, 
small coal is carried bv an elevator into a laig^ 
bunker, whence it is lined by another elevator to 
a shoot into which it is tipjied with the contents 
of a small elevator containing pitch. The mix¬ 
ture then passes into a Carr’s msintegrator, and 
the resulting product, cont^ning 8-12 p.c. of 
pitch, passes to heaters, and finally to the 
presses, which turn out 106-200 bloc^, weigh¬ 
ing 10^# lbs. per day of 12 hours. In the 
steam process, there is used a large vertical iron 
cylinder with arms revolving inside, coi^tanUy 
kept full of the mixture of pitch and coal. High- 
pressu^ is injected near the bottom, «id 
allowed to percolate up through the mass, whilst 
the arms expose every portion to its actioxL 
Mixtures such as these described are also com¬ 
pressed into imall ovoid briquettes oi varioot 
sizes, suitable for domestic use or steam-nkNng 
purposes on boilers fitted with mechaideal ohaiji 
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gratcH. AttomptK liavo boon made to utilise j with burner and feeding arrangemunta so that 

peat by nnxing it in a state of powder with ' the relative deliveries of coal dust and air can 

small coal and Kawdiist, and ]>reMsing the mixture < bo well oontrollod, and that special provision 
into blocks. Also dried lignites, or the non- shall be made for the periodic removal of ashes 
Ouhoront carboiiaiT-ouH residutis obtained by from the flues at the far (?nd of the furnace. In 
carboniHing thnn at low temperatures, may bo regard to stcam-raising, special mention should 
* successfully bririuctted with the addition of bo inadii of the use of jjulvorised coal in the 
j)ltch as a binder. According to U*st8 carried ! ilottington boiler, wlneli has been successfully 

(Hit by the staft of tlie U.S. (leol. Survey in dovelojicd in tins eountry and in S. Africa. For 

11104, it iH ])os8iblo to make good briquettes | particulars of recent devehipments of pulverised 
from a strongly coking coal, heated until coal systems in America cidc The fuel Research 
intumoHcenro lust begins, un<l immediately, Hoard's .Special Report, No. 1 (1919), by L. C. 
afterwards pn^ssed, witlioiit tlio addituin of any i Harvey. 

binding agent. AnthraciU' <'ulm or coke breeze ’ Valuation of coals. Whilst the value of coal 
may be brKpu'tted without tlie addition of any [ as a fuel dojionds jninianly ujam its calorific 
bituminous coal, pr<tvi(Je<l that good piU-h lx; ' value, other factoi-s mnsl bo considered in 
used as a binding agioii. 'IMie piieli slionld be j dotornnning its suitability for any given purpose, 
anhydruu-s, or neaily so, an<l should eontam alas, for instance, (1) moisture content; (2) 
wrtjvin proj.orl Kill (7-11 p<‘.) id i reosole oils j <[uantity and fusibility of ash ; (3) iierccntago of 
distilling liehiw 21.')^", to give it good binding ‘ volatiles ’ and the charaetcT of the coke residue ; 
])roperLieH ; tin* pre.scnee of free <-arl)on in any i (4) ultimate analysis t', H, S, and N—the N 
quantity is object loimble, ami tlii' [iitcli shouhi i being Iniportanf d the coal is to be carbonised or 
not flow below 7tt '. A good (juality of powdered | gasified in producers under ammonia-recovery 
coal with ti ]).e. of pit-eli sliould yield a clean ! conditions. Coal is rarely juirclmsed in (Ircat 
hard briqnetti', whieli will not disintegrate in : IJritain subje(;t tt> cither < hcmical analysis or 
the lire. In many eases luiquetteil coal will caloritie tost, but the pruetice is eoinmon in the 
staml transport a lion beltT iliHii th(‘ original Unit'd .Statw and in certain European countriw, 
<'oul, and is as good or even better as a stoara- ' the contract, in any particular cose, naming a 
raising fiu'l. I certain j.riee for a coal of sjK'cificd quality, 

I’lie pre-war cost rd briquetting coal in this , subject to a sliding s(!alo for variations in 
country (mcludmg * apUal charges) wa.s lietween quality within certain delined limits. Jn 
2 . 1 . t>d. and Tv. p(>r ton. 'riie world's production , saiiiphng a consignment of coal for assay pur- 
of briqiu't te.s amounted to upwards of 30 million I jioses, sjiecial caro sJiouhl be taktm that the 


tons, (d W’hicli nearly three-fourtlis were made in 
Oormany’. 

//demtirc.- K Pn'issig, rre.sskolilenindus- 
trie, Rreiberg, ISK7; Kejiort (d (.’oal 're.sting 
Plant of U.S. (leol. Survey, iii. lOOf ; A Hand¬ 
book of Rriqiiettmg, (5. Kranke (RerIm), trans- 
laU'd by l'\ V. A II. Lantsberry, 2 vols. (Griflin vS: 
Co., London), 19I() 1918. 

4. PimHlocd Fitclu- 

It is well known that a mixture <d coal dust 
and air is liiglily <'X[dosive, ami m burning coal 
the exeoxs td air a<-tually requin'd dinunishos j 
with tlu' finencisH of ilivision of the fuel. The 
efiicieno.y of the eombu.stion ajiproache^ the 
theoretical maximum the more nearly the 
system attains to the Inunogeneitv (d a properly 
proportioned gas-air mixtuix'. Much progress 
has been made in recent years in applying 
powdert'd eoal to boiloi's and metallurgical 
■furnaoes. As long ago as 1873 C'ratnpton 
(Jour. Iron and Slwl Inst. 1873, 91) workeil out 
a system whereby pulverised coal was fed into 
furnaces timjugh an injector type of burner, 
air lieing sujiphed in measured quantities by a 
fan, so that intense heat was generated. In 
recent years the system has been largely applied 
in America to cement kilns, reverberatory and 
open-hearth furnaces, witle considerablb success, 
and it is also being developed in connection with 
boilor-liring. According to Canadian cx^ierienee, 
the following conditions are essontial for obtain¬ 
ing the Ixwt results: (1) that the (r>al shall be 
drieil so that its moisture content is less than 
1 p.c. before being pulverise<l; (2) that it shall 
bo pulverised unm 85 p.o. of it passes through 
a 200 mesh, and 95 p.c. of it throu^ a 1 00 roesh: 
(3) that the furnace shall be properly shaped 
and proportioMfd, and be ■uitably equipped 


I sample truly represents the bulk ; the method 
j adopti'd will obviously depend somewhat on 
' eircutustancc.s, but the sample should contain 
tlie same proportions of large, medium, and 
small coal as the bulk, and, as a ruk*, should 
j weigh not less than 1 cwt. On reaching the 
• laboratory tlie wliolc should be put through a 
(‘rusher and subs(^quently n-duced to convenient 
bulk by siK'cessive ‘quartering’; the final 
sample should tlum be furtber crushed to coarse 
pow'dcir and stored away iii air-tight tins. Tho 
(Oicrnical tests may carried out ns follows : 
(1) Motdure aiul ash. lO grams of sample, in a 
weighed porcedain basin, arc dried in an oven at 
105''’ for 1 hour, and subseiiuently incinerated in 
a muffle at bright r(id heat, ('arc being taken that 
the initial ‘ distillation ’ is not too rapid. Tho 
colour of tlio ash should be recorded, and 
olwervation, made as to its fusibility. (2) 
Vohtile ftiallrr. 'J’ho method recommended by 
a eominitleo of the American Chemical Society a 
to deUTinino loss in weight wlion 1 gram of the 
dry sample is heated m a covered platinum 
(Tueiblo of 30 e.c. oapac-ity for 7 minutes over 
the full flame of a Bunsen burner, screened from 
draughts by a cylindrical asbestos chimney. A 
mure useful test, however, is the ‘ crucible coke 
assay,’ in which 20 grams of the dried sample aro 
carlmnisod in a fire-clay crucible (lid on) at 
900°-1000‘' in a muffle furnace; tho heating is 
continued for 5-10 minutes after the flame, 
caused by Hio volatile matter burning at snudi 
holes in the crucible lid, has completely died 
away. A new method, capable of giving more 
accurate rcKults of soientioo as well as ot com¬ 
mercial value, has been described by Bone Mid 
Silver (Trans. Chem. Soo. 1921, 119, 1145); 
also another improved metiiod has been pnnKMMd 
by Lessing (J. Soo, Chem. Ind. 1912, 31, 425), 




(3) VUimak: analyak for C and B. This may 
be carried out on a dried sample (0*2 gram) 
by tho * combustion' method ordinarily 
employed in the case of organic compounds, 
the comlmstion tube l>eing packed with granu¬ 
lar lead chromate. (4) •Svlphnr. pi) About 
2 grams of the samjile arc jgnit<‘d with three 
times its weight of a mixture of 2 parts 
MgO and I part pure anhyd. NaX’Oj in a 
porcelain dish or largo crucible for 1J liours 
m a mufllo furnace (pndorably electrically 
heated). Aftiirwardn the* charge is washed into 
a beaker, cxcoKa of dil. lf(M plu/t bromine water 
is ad<loil, and aft(‘r boiling ofl llu' excess of 
broinino, tho conU-nts of t he vorhcI arc vigorously 
stirred and then lilU*red. 'I’lie suljihiib' in tho 
filtrate is then precipitated with a alight excess 
of Ba(NOs),. and iinally miimated m BaSOi 
in tho usual manner. Jhdcnninations are made 
in triplicate, and a blank exjienment is olways 
simultaneously performed in order to determine 
tho ‘ correction ’ to tie appli(*d on account of 
any traces of sulphate in th(t reagents employed 
or tho fixation of SOj by them from tlx? furnace 
gases. (/*) In di^temiming the sulphur m tho 
ash of a coal, it is fused in a platinum cruoiblo 
with an excess of Na^COj nnu K2CO., mixture 
pltM KNOfl ill order to convert all suliihur 
compounds into soluhle sulphaUw. The fused 
mass is subsequently cxtractixl with exc^ess cif 
hot dil. HCl, ami the extracte<l su!phat<‘s 
dcterminoil as BaSO, in ttie usual way. (5) 
Nitrogrn is liest ileteriiuned hy tlie ordinary 
Kjoldahi methofl. Occasionally coal or coke 
must be examined for arsnuc. (For details 
of tho method rccomnumdcd by the committee 
appointed by tho Board of Inland Revenue, acc 
T. E. Thorpe, Kstinmlion of Arsenic in Fw'l 
(Ohem. Soc. Trans. 83, 9t>0}.) 

Storage and spontaneous ignition of coal. It 
fs woU known that on storage coal doUiriorates 
both as regards heating power and coking 

S orties, a fact attributanle to'slowatmospheric 
ution, which may, in certain circumstances, 

f ive rise to spontaneous ignition of the coal. 

b was formerly lielicvcd that the oxidatipn of 
the iron pyritos present in coal is the primnpal 
cause of its spontaneous ignition, but it is now 
recognised that this is not so, the. eliief factor 
being the surface condensation of oxygen in the 
pores of the fuel, and suliscquent oxidation of 
certain constituenta of the <ioal 8i;b«tanco. It 
has also been suggested, on the basis of experi- 
mental evidence, that in sonic cases of spon¬ 
taneous combustion, the lieat generated by 
bacterial activity is a factor to considered. 
Coal readily absorbs oxygen when heated in 
contact with air at 150®-2W°, the process being 
not merely a physical absorption, but involving 
actual oxidation of coal substance ; the weight 
hnit of all increases, and afterwards, especi^y 
if the temperature rises, steadily decreases 
owing to loss of moisture, slow combustion, 
and decompcKiition. According to investiga- 
ticMM by S. W. Parr and F. W, uressman, of the 
Univmeity of Illinois, tho oxidation of coal is 
eemtinnous over a wide range of conditions, and 
Wins with freshly mined coal at ordinary 
temjporatures; at some temperatures between 
wO and 276® (dependent upon the nature of 
TO and tho hnoness of division) the oxtda* 
twm becomes autogenous; actual ignition does 


not occur until the temperature rises beyond 
350°. With regard to the influence of pyrites, 
it was found that the amount of * pyritic oxida¬ 
tion ’ under given conditions is always pro¬ 
portionate to tho jiyritic content of tho coal, so 
that an incroaso in tho latter may therefore 
hasten ‘ tho rise in temperature up to tho 
critical point at which the alworption of O 
by the coal itself is rapid enough to increase the 
temjK-ratiiro uji to the point of self-ignition,’ 
Hence, pyritic oxidation may become a con- 
tributory (though not the chief) factor in the 
Hpontancoua ignition of coal, although by itselfp 
and apart from the siniullam'ous oxiilation of 
the coal Hubatance, it would be a negligible one. 
According to I’arr and Cresaman, the prosonco 
of moisture increase tho reactivity of Uio coal- 
air systeni at any ti'inperature. J’ho whole 
ihenoinenon i.s jirohabiy one of ‘ surface com- 
mstion.' According to Bone's investigations 
the absorption of O by typical British (Hurliam 
and Vorks.) bituminous coals is very slow 
at temperatures below HP", and is unattended 
by the production of relatively insignificant 
qu.antili<«j of tho oxidi^ of carbon. But in the 
neighbourhood of 80'^ the action becomes much 
quicker, and at almve UK)*’ is marked by tho 
regular and simultaneous production of both 
tho oxides of carbon as well as steam, all of 
which ajiparently n^sult from the dwoinposition 
of some unstable ‘ oxygenated ’ body primarily 
formed by the absorption of the oxygen. An 
important official report upon 1’ho Spon¬ 
taneous (jombustion 01 Coal in Minos, contain¬ 
ing a full account of recent rcsoarohos by 
ii. V. Wheeler and others, haa recently been 
issued ((hnd. 1417 of 1921). With regard to 
the storage of coal, it has been proved that 
coal stored undtr vmter suffers no deterioration. 
The conditions most favourable to sjKintaneouB 
ignition of coal when stored in heaps are 
(I) a certain, but not excessive, ventilation of 
tho heap; (2) a certain degree of subdivision 
small coal mixed with dust); and (3) any 
circumstanoe which tends to heat conservation 
in tlie lu^ap. 'Fhe best safeguaril is either 
excessive ventilation (which it is practically 
impossible to maintain in lai^e stores or in a 
shi}i’s hold) or no ventilation at all. The 
extim^tion of fires which may break out on board 
ship is often a matter of great diflioulty, tho most 
effective method being tliat recently proposed by 
Harker, wlu^reby the flue gases from the boilom 
of the vessel are pumped into tho burning 
bold. 

British coal-fields. The coal-fields of Great 
Britain may he grouped in three principal areas, 
each having distinctive features, namely: (a) 
Southern (B. Wales, Forest of Dean, Somerset, 
and Dover); (6) Central (Yorkshire, Lancashire, 
Derbyshire, N. Wales, and Midland Ckmnties); 
and (c)* Northern (^tiand, Northumberland, 
Ihirbam, and Cumberland). The more im¬ 
portant fields are as follows :— 

(1) South Wales (Monmouth, Glamorgan, 
(Tarmarthe#, and Pembrokeshire), covering ui 
area of 850 sq. miles, of which 160 are under 
the sea, with seams 1-12 feet (average 2*6-8‘0 
feet) thick, and yielding classes of cold, 
bituminous (91 p.o.), steam coals f47 p.c.), imd 
anthra6itea (22 p.o.). The cm-boniferoua steate 
lie in an elongated basin, which ia almost com- 
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pletely suiroundwl by older formatiomi, and 
complicated towards the south by an anti-' 
olinal fold runniiij;; cast and west. The basin 
is much faulted, and the nvci'H have cut a Reries 
of deep valleys alonj^ wliieh the coal seams 
crop out. SjH'ahirn’ generally, and for corre¬ 
sponding deptliK below the surface, there in a 
gradual transition in the character of the coal 
from the cx>king varieties in the oaHt, through 
the llrKt'CloHH Hteam coals of t.he centre, to the 
HCini-anthraoitoH and anthraoit<« in the woHt; 
moreover, the Reams Jiavo apparently iK'cn 
Hubjocted to an incroafting earth jirosHure in the 
direction cjisl. t,(j west, a circmiiHtanoe which 
may account for their incn'aRiiig antliracitic 
character, 'I'hin HUjipfwition lias been disputed 


by Strahan and Pollard (Memoirs of the 
Geological Survey, 1908), who, from the fact 
that the ash content of the anthracites is 
invariably much lower than that of the neigh¬ 
bouring bituminous seams, argue that the differ¬ 
ence between t.lio two classos of coals must be 
due to some difference in the original vegetable 
dibris from which they have been derived- In 
the oast section of the held the upper and middle 
coal-mcaHur(i8 are worked, yielding good coking 
and bitnminouR coals ; in the centre the middle 
ineasurw pi'edoniinato, the upper being found 
in jiaridics only ; whilst in the extreme west the 
lower measurc.s cmly are found. The composition 
of the more important cIorhos of coals usually 
falls within the tollow’irig limits :— 


ClflSH 
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AnthraciU^s . 
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H 0-3-7 
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1 0-3-5 

3-5-4-5 

0-7 1-0 

0 74,5 

, 0-7-1-7 i 
2 0 -3-3 i 

6-0-«-0 

7-0-20-0 

20 0-20-0 


(2) Fornt of J)mii. A riiihII licld (114 wep niilcs) 
between the Wye and Si'vern valleys, eonlain- 
ing !U Reams, of which only lb exceed 1 foot 
in thickmvsH. The Ifitnl thielaioRs of the nieasiire 
is feet, and they are eom])letelv girdled by 
older formalinns 'I’lus coals restiinble in 
eharaotiw Ihose found in tlie east Rcction of tlie 
S. Waliw field ; tlie up^wiv and middle measureR 
yield oxcollent- gas and house coals, and the 
lower mcasurc'R. which, howeviT. are ihilicult 
to work, owing to accumulation of w’ater therein, 
contain good Rleam coals. (If) JiriMol (SonuTset 
and (Jlouoe^ster). The eoal-lields of this region 
form a mimhcr of hasins of varying areas 
(total=2.‘lS5 Rq. milcR), tho edges and outlines 
of which ai-e marked by newer rock«. so that 
there are five or six detached ‘ exposed ’ fields 
and a consuU'rahle infrervening area ot ‘ eon- 
coaled ’ fields. The upper ])arts of the measures 
(tho Rodstock and I'arringdon Rerios) yield 
bitumtnou.s Iiouho and gas eoals ; ( he lower 

tiarts (Kingflwood and VoIrU'F series) yield both 
touse and coking qualities. All these are con¬ 
sumed locally. (4) StaffoTfixhirr, divided into 
N. Stuffs. (9b sq. miles) and S Staffs. (150 sq 
miles). Ill the mirthem area the sequence of 
upper, middle, and lower measures is eoinpletc, 
fdtnough much broken by faults; towardia tho 
south tlie measures thin out considerably in 
respect of total thicknoss, but the individual 
seams converge, finally forming the famous 
Dudley lO-yards seam : in the extreme south 
the lower measures become so attenuated that 
it is doubtful whether they exist at all. The 
northern area .yields good coking as well as gas, 
house, and furnace coals; in the south coking and 
steam coals are practicaUy non-existent, but 
both gas and house coals (chiefly of the Pennant 
series) are obtaine<i (6) likicaUrtihirf and 
ITaninicLiAi^e. In ]..eice6ter8hire the exposed 
area is about flO 8(|. milre, and in Warwie^hire 
about 150 sq. miles; tho 8<«ros have been 
Bubjeoted to igneous intrusion, and probably 
also to atmospheric influences, and are generally 
* oxidised *; honoe the coals arc non-coking, 
with a high peroenta^ of ‘ volatiles.* (6) Yori- 
sMre, Da^hirt, ana NotHnghtm. A large area. 


incliidingRome 1328 sij. miles of ‘ concoalod,’ and 
about 808 «q. milas of ‘ exposed ' measures ; 
the upper moasiir(« liave been proved in boring 
ojierations, but tliey arc very thin and of no 
commercial importance. Throughout tho area 
the Heqiiencc of tho Carboniferous Formation 
iH compleUs tho coal-hearing measures being 
underlaid by tho MillRtono Grit and the Oaxboni- 
ferouH Ijime-stone, ami they have nowhere been 
affoef^'d by igneouR intru8ion.s. The chief seams 
belong to the Pennant (middle) serioR; all 
HoamH yield highly bituminous coals, with 
25-40 p.c. ‘ volatiles.’ The best house coals 
are obtained in this Hold. All the coals found 
north of Sheffield have marked coking properties, 
though few of thorn yield a really first-class 
coke; south of Sheffield the character of the 
coal changes, gradually losing its coking pro¬ 
perties. Between Mansfield and Nottingham 
the seams have been ‘ oxidised,’ and although 
the ttual yields a large amount of gas, it is non- 
coking. (7) IxincasJiire. An irregular area, 
much faulted and broken by an E.-W. anticline, 
extending from Burnley in the north to Ashton- 
on-Jjyne in the south (with a long tongue 
jocting southwards through Stockport to MaooleB- 
ficld), and from Oldham in tho east to St. Helens 
in the west; total ‘ exposed ’ aroaasflOO sq. 
miles. Tho principal seams in the southern 
and central areas of tho field are all formed in 
tlie middle parts of tho measures, the upper 
parts contain no workable seams. The seams 
in the lower part of the measure become im¬ 
portant in the Accrington and Burnley districts. 
The coals from seams in the middle parts of 
the measures belong almost exclusively to the 
‘ gas-coal ’ class, containing 30-^6 p.o. * veda- 
tiles *; several of the seams, notably the 
Yard Mine, Arley, and Trencherbone, yield a 
fairly good coking coal. The famous ‘ Mountain 
Mine* seams of the lower measures (Buml^ 
and Accrington) yield a ooal with 26^27 p.o. 
* volatiles,* which produce a coke almost, !f not 
quite, equal to beet Duibam ool^ ffl) 
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/Ui the workftble seams, however, are in ihe 
middle parte of the meaeuree ; the seams in the 
lowmr parte of the measures are all thin. The 
coals are' similar to those of Lancaslure; they 
contain 33--36 p.c. ‘ volatiles/ and yield a fair 
quality of coke. (()} Durltarn and ^orihumber- 
land. In the great northern coal-field, of which 
Durham and Northumberland form a ]>art, 
there is a dovelopntent of coal-seams (more 
strongly marked the fartiior north) in tlic 
Carboniferous limoHionc, a feature which is 
absent in the Mklland and Southern fields. 
In the Limestone series there are a few workable 
seams which tncivase in number and thickness 
from south to north, but in the main jairt. of 
the field the coal occurs chiefly in the middle 
parte of the measurw. The total area of tlio 
coal-field is 8(K» sq. miles. Tlie S. and W. 
districts of Durham produce, jicrhapa, the finest 
coking coals m the world, containing 22-2S p.c. 

' volatiles,’ and low both in sulphur and ash. 
The central distrud (Sunderland to Newcastle) 
produces fine qualities of gas and house coals. 
The Northumbcrlanil scams are, for the most 
part, ‘ oxidised ’; they contain a rather large 
amount of moisture, and are non-cokmg. They 
are largely used as ste^vm coals, and they are 
excellent as ‘ producer ’ coals. (10) Cumber¬ 
land. The character of the coals is siniilar to 
those obtained in N. Durbani. (11) Scctlanrl. 
The Scottish coal-iields cxUmd from Fifeshiro 
an the cast, across a belt between the Forth 
and Clyde, and westwards into Lanarkshire 
and Ayrshire, with an isolated small area in 
Midlothian. The upper parte of the measures 
are well developed throughout the area. The 
middle parte of the measures attain a thickness 
of from 800 to 1500 feet. Below the latter is 
the ‘ edgc-coal ’ group in tlio C^arboniferous 
Limestone series, highly inclined at its outcrop 
(Ftfeshire, Midlothian), and containing bands 
of cannel. Generally speaking, the coals are 
bituminous, with a high percentage of ‘ vola¬ 
tiles ’; the boat coking varieties are found in 
the neighbourhood of Glasgow, and the coking 
seams stretch as far eastward as the Firth of 
Forth. The Ayrshire coals are chiefly non¬ 
coking, and are excellent as ‘producer^ coals. 
In Fifeshiro the seams in the Carboniferous 
limestone in tfee neighbourhood of Dunfermline 
^Id first-class steam and house coals. The 
Scottish coal-fields have been subjected to 
igneous intrusions to an extent rarely met 
with in England, and, consequently, some of the 
bituminous seams have been locally converted 
Into steam coals and anthracitic varieties. 

German coal-fields. The principal ooal-fi^ds 
fonnerly included in the German Empire are 
those of (1) Upper ISilesia (districts of Katibor, 
Beuthen, Zabrze, Konigshutte, Laurahutte, and 
Hess). The measures are 600 metres deep ] 
with seams 3-4 metres thick. The best coking | 
co^ are found near Zabrze eastwards, from | 
they gradually change into young! 
gas cools, near Konigshutte, and finally into | 
non-coking flaming coals near Launthfitte. * 
(2) The basin, stretching from tihe neigh* 
nonfood of Hamm in tiie N.E. to the Rhine 
ia^e 8.W. ; the field is much broken by faults, 
mi the older measures, which yield the best 
coals, are, as a rule, uppermost; ihb 
nndw measures yield gas owds, and the lonr 


’ measures non<roking varieties. The cmIs oi 
j the Ruhr basin contain 84-97 p.o. M organic 
i matter, of which 0«83'1-«7*1, and H»5'27- 
5’68. (3) The Saar difirict ; the upper and 
middle measures are both thin and yield non¬ 
coking and flaming coals, the ioti^r measurea 
are thick, and yield (ospocially the deepest) 
very good caking and coking coals. The ash in 
Saar coals varies between 1’5 and 4'5 p.o. as a 
rule, occasionally ninning uj) to 7*7 p.o. The 
carbon varies Ixttwocn 7U and 84 p.c., and the 
hydrogen between 4’7 and fi’2 p.c. 

American coal-fields. The foUowii^ informa¬ 
tion has been almtracUKl from the comprehen- 
Kive HejM>rt of the U.S. Geological Survey issued 
m llKXi; tlio chief coal-producing states are 
arrangiMi in order of their present economic 
iinportauco, the figures in brackets indicating 
in each case the output in millions of short tons, 
for 1904. (1) Pennm/lmnia (73*1 anthracitic 
and 98 bituiuinous). The anthracite field lies 
in the N.E. and the bituminous field in the 
VV. j the latter pro<luc(« the famous Oonnells* 
viilo coking coals, the almost equally fammu 
Vonghioghony gas coals, and numerous grades 
of steam and domestic coals. (2) Illinois (36*5). 
This state includes the greater part of the eastern 
interior coal-field, whicli extends from Rook 
Island and Wilmington (III.) in the north to 
(Jentral Kentucky in the south and from the Mia- 
sissippi river in the w(«t to Williamsport and 
(’annelton (Ind.) in the east. The coals ore 
rather low grade and weakly coking, ooutaining 
0=54-76, il=4*5-5-3, N=0*8-l*2, S«l*3-4*5, 
O = 12*0-18*5, and ash = 12*0-24*0 with calo« 
rific values 9929-1 l,i>07 B.Th.Us. per lb. The 
proximity of the field to Chicago and St. Louis 
euhanoee its economic importance. (3) West 
Virginia (32*6). This state includes a large 
portion of the important Central Appalachian 
coal-field, which produces high-grade st^m coals 
also suitable for coking purposes, and containing 
0=74-86, H=4*0-5*2, N=10-l*7, S«0*6-l-2, 
aflh=4*6-li*3, with calorific value 13,736-15,190 
B.Th.Us. per lb. (4) Alabama (11*26) includet 
several fields of which the Warrior basin is the 
most important (23 workable sf^ms), constituting 
the fuel supply of the Binningham (Ala.) iron 
industry. Tlio coal is of fair coking quality, 
containing 0=69-72, H=a4'8-6*0, N=l*£m-1*66, 
8=0*7-1*02, a8h = 12'5-I2*6, with calorific value 
12.238-12,902 B.Th.Us. per lb. (6) Indiana 
(10*9) includes the eastern section of the Esstem 
interior coal-field {vide Illinois). (6) Kentucky 
(7*6). The eastern part of the state includes p^ 
of the Oontral Appalachian coal-field {vide west 
Virginia) and part of the eastern interior field in 
the west. Both fields yield good steam and 
coking coals, the eastern area beit^ in this respect 
superior to the western; the coke for the 
western field has too high a 8 content to be of 
much as a metajlurgical fuel. (7) Colorado 
(6*65). The most important coal'toodueing 
state west of the Mississippi river; tne coal tt 
a black lignite, which so rapidly disintegrates 
on exposuie to air, that its transport over say 
great duitanoe is impossible. It contiuns 
C»61*l, H=6*76, N=l-22, 8=0*68, 0=24*96, 
ash=6^7, with cal. value 10,546 B.Th.Us. per 
lb. (8) Iowa (6*5) yields only low-grade eoah 
oontaiiuQg fai^h perowtages of nuristiire, 
and ash, with very feeble coking propotles. 
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(9) Kanmfi (fi'3) yn'UlH fairly good non-coking 
steam coals. (10) Wyoming (5*1) containa a 
number of apparnitly iiidi^K^ndent coal-flelds in 
strata of tlio age; the fuel is low 

grade. (11) JiiduiTi TdriUiry (3*04) })rod«<'ps 
gofxl stcain coal, with, jn some inaiuneew, fair 
coking [irojMTtieH. but usually Ingli in sulphur. 
C=«3-72, llr-4 H-5*2, N--l*4 1*7, S=l*r>-40. 
ashr:^ 10*0'13*5, with cal. value 11,340*12,874 
H.I'h.Us. per lb. The coke la good enough for 
lead ameltmg, but unsuitable for iron smelting, 

Litfr(ittir(>.~--F\vvk und Hurtig, Teehnik dcr 
Steinkohla, Munchen, IHO,'*;,!. Percy,Metallurgy; 
Kuel, 155 577, 2nd e«l. Lemdon, 1875; K. .1. 
Mills and K. 1). Rowan, h'lud and ibs Appliention, 
Ijondon, IHHO; j''reeli. Krgiebigkiot der Hlein- 
kohlenlager, Stutigarf-, l!M)l ; Wedding, Kiaen- 
huttenkunde, Hd ii. Itrauns(‘hwig, 1002; W. 
Carrick Anderson, Cliemisiry of (Joke, (Jlaagow 
and Kdinlnirgh, JlMM ; S. lirame. Piicl, 
2nd fxl. 1917 ; W. A. Boiu', Coal and Seienf die 
Usiw, 1918 ; lleiMU’i of Royal (Jommiaaioii on 
Coal »Si|ij)j>lies. J.ondon, lleporls und 

Bulletins of (he U.S. (h'ologioal Survey, of (he 
U.S. Bureau of Mines, of the University of 
Illinois, ami of (he ('anadian ])<‘pt. of Minos; 
Ro{M>rta of the Bnlisli Association Fuel Ki-ononiy 
UomnnI.R'e, 19I(), and of the(!oal (Vnservation 
Committee, 1918 ; Cibson, (leology of Coal and 
(Wl-mining. Loiuh)!!, HK>8; (Ireenwell and 
Kisden, Analyses of British Coals and (’ok<‘, 
3rd ed. Ivondon, 1909; C. Franke. Handbook 
of Briquetting (Iranslated by linntsborry), 
2 voK liondon, 19101918. 

B. Liquid r'uEL.s. 

Whilst, increasing cjuantiti(« of hydrocarlion 
oils (crude jietroleum or its distillat.ion products, 
Bhalo oil, benzol, &c.) are being used as fuel for 
certain special purposes, they cannot be regarded 
ns a serious competitor ()( coal or as m any 
real sense a substitute for it; it is doubtful 
whether the ealonlic value of tlie worhFs entire 
output of petroleum and other liquid fuels in 
any given year oxcoimIs (if, indeed, it is equal to) 
5 p.c. of that of the (Hirrwptjnding output of coal. 
Nevertheless, there am certain sel«« t<Ml purposes 
(r.y. for motor-oar engines and the like) for which 
volatile hydrocarbon oils are employed witliout 
displacing coal or gaseous fuels, and other special 
casm, notably 8t<jam raising in Hhi|)8 of war, in 
which liquid fuel has important advantages over 
coal In respect of naval requirements, those 
are princip^ly (i.) economy of space and ease in 
replenishing supplies ; (ii.) ready and immediate 
response to varying loads; (iil.) possibility of 
forcing boiler to extreme duty in case of emer¬ 
gency; (iv.) absence of'smoke under normal 
working conditions; (v.) shortness of chimney 
stack; (vi.) abolition of stoking; and(vii.) ability 
to secure and maintain higher speeds than with 
ooal hrinj^. Some of thes^advant^os* are also 
of value in relation to looomotivo-^iler firing, 
especially in countries (United States, Russia) 
where petroleum is abundant. In the Report 
issued by the U.S. ‘ Liquid Fuel ’ Bo|rd in 1904, 
the relative all-round i^ciencies of oil and good 
steaming cool, from the naval point of view, are 
ostimatiM to be as 18: 10, whilst Mr. James 
Holte, looomotiveauperintendentef the Q.K.B., 
in giving evidence before the Royai Commission 
on Ooal SuppUea, stated that, according to his 


experience, petroleum fuel^oil had, weight for 
weight, approx, twice the steam-raising power 
of coal in locomotive boilers. The latter esti¬ 
mate is probably based on the best rather than 
on the average result^i olitained with oil fuel, 
but certainly the ratio is not less than 3:2. 
Moreover, weight for weight, oU occupies much 
less space than coal, whilst oil docs not deterio¬ 
rate on long ko(“ping as dois coal. 

]*etrolcum Jud oil { fire , aifo Petrolbum). 
About 03 p.c. of the world’s total supplies of 
petroleum arc drawn from the United States 
((California, Kansas, Indian Territory, Oklahoma, 
Ohio, 'Poxas, JVnnsylvania, Virginia, Louisi¬ 
ana, and Illinois), and a further 25 p.c, from 
JtuHsia (mainly the Baku oiMield); the remain¬ 
ing 12 p.c. IS chiefly di'rived from Koumania, 
i Oalicia, India, and the Kastem Archipelago, 
i The total annual output probably amounts to 
I about KKJO million imperial gallons. Crude 
j petroimim, in it.s natural state, ofkm contains a 
I certain amount of water in omulMificd form, and 
I also of volatile hydrocarbons. Tbo oil should 
j be both doliytlratod and freed from volatile 
I constituents before it <^an be safely transported, 
i stored, and used as fuel. In Germany and for 
i the British mercantile marine, the jirescribed 
i minimum flasli-point fin- fuel oil is 150''F. (Abel 
i test), wliilst the British Admiralty require a 
! minimum of 20(FF, for warship fuel, A good 
fu<‘l oil should also bo sulliciontly free from solid 
i hydrocarbons to stand a lemporaturo of 0“ 

: without solidification. 

The appearance of crude fuel oil, ns put on 
tlie market, varies greatly, according to its 
origin; some varieties have a pale colour and 
are mobile, others arc viscous and almost black 
in colour. Sp.gr. varies between 0*771 and 
1*00 ; American oil has sp.gr. 0*785-0*930; Baku 
oil, 0*854-0'899; Galician oil, 0*799-0*902. 
Whilst consisting assentially of hydrocarbons, 
crude oils i-ontain small but variable porcont^es 
! of N, S, and 0. The nitrogen (0*25-1*0 p.c.) is 
! present in the form of basic substances, probably 
j of the pyridine or quinoline typo; sulphur 
: (0*5-1*5 p.c.) occui’s both as alkyl sulphides 
j (American oiks) an<l as thiophen compounds 
I (European oils). The following gives the 
I ultimate composition of various crude oils:— 


Origin 

c 

II 


s 

, 0 

jSp.gr, 

(California 

84-43 

10-99 

0-65 

0-59 

3-34 

1 0-962 

Texas 

84-«0 

10-90 

— 

1-83 

2-87 


»» 

85-76 ' 

12-75 

_ 

1-47 


1 — 

Java . ' 

87-1 i 

12-0 

_ 



0-923 

Baku . 

85-3 

11-6 

— 

— 

i - 

j 0-940 


i Of the hydrocarbon constituents, members of 
I the following scries are known to be presemt in 
; petroleum: paraffin, CmH|» naphthenes, 

1 and Mendolej4ff lias 

I concluded that all crude oils contain the same 
j classes of hydrocarlwns, but in wideljf different 
j proportions. Pennsylvanian oil cons&ts chiefly 
I of the CnH 2 >^.s series; Californian oil chkdy 
I of the OsHfH (naphthene) series, together wim 
i some benzene and its homologuee; Texas oU, 

I which is dark in colour wd viscous, otmiauu 
I principally members of the , and 
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Bcriee; .naphtheneft con- ' the side tube a, and passing thence through the 

astute 80 p.c. of Baku oU. Of hydrocarbons, ' narrow annulus », is ‘atomised ‘ by being foroed 
such as naphthalene, acenaphthalene, fluorene, ; through a soriee of narrow grooves cut in the plug 
anthracene, and phcnanthrono, all of which are ; end of b, parallel to the centre lino of the burner, 
found in coal tar, the only one undoubtedly whilst similar grooves are cut in the face of b at 
present in crude j>etroleum is naphthalene, right angles to the axis of the burner. The 
The gross caloritic value of petntleum fuel oil grooves, as shown in ii, are tangential t-o the ocme 
varies, as a rule, lK*tweon 10,350 ami II.OCM) end of the spindle c, which regulates the size of 
K.O.Uh. per kilog. ; the natural oils best the available opening through the cap nut B. A 
adapted for fuel purposes are those derived from separate foroed or imluced air draught is used 
(•alitomia, Texas, Mexico, and Borm'o. In 
Russia, wiierc a great oil-fucl industry has lK*(*n ^ 

devolojied, the residue (‘jistatki’) after dis- a 

tilling off the kerosene and burning oil, is used. . J 

III applying oil to boiler ami furnace work ^pg ^ 

generally, the fuel must be ‘ nl(yinis<>il' by means 0, p-,; ^ 

of a jet of high-jiressure steam or compressed jj', ^ I 

air in a sjieoial form of burner working on the • [f 

‘ injector * jinnciplo The oil should ontt^r the /T^ ^ i 

furnace as a line spray, intimately mixed with : ^ 

the air reiiuisite for its coinbuslion. Many ' ^ 

ferms of such burners are on the market. Vrom I J ’ 

the chemical aspect of combustion of the oil, tMd' ^ 

the use of compressed air is preferable to steam i 3."-- 

as the ‘ atomising ’ agent, although, in factr, ' ;I • 

steam is more usually cmjdoyed. In othto- 
forms of burners, the ‘ atomising ’ is efT<‘( ted, 
without either air or steam, simply by forcing 

the oil (preheated to 130 ) umlcr'considerable , Imme* 

pr^mirc («! Il>». ,„t in. h) through a nuitahlo Ld Som. 

""The following tvTueal l.nrneru may he «t n™’’ ^ “'j 

nuoteil an examples: (a) the ‘ (larbogen ’ injectad oil spray is completely (^ihod and 

humor (Fig, 1), which may ho us.al with either mixed with air before >Km‘">n V 

' " ' * through a hcatc^l iron tul)e, by whicli means a 

jierfoctly non-luininous * bimscn ’ flame of groat 
^ calorilic intensity is obtained, 

fi Ki The furnace in which the ‘ atomised ’ oil is 

burnt should lie so constructed tliat tho dame 
(loos not come into direct (contact with cold 
Ftum U ^ I ■ ipmetallic surfaciss. An incandescent solid surface 

„ - greatly assists tlio completion of combustion 

*• and prevents smoke formation. (For various 

. 1 ,11 * • • * forms of burners, boiler-fumocos, and the like, 

atearaor comprcated air a, thcatom.»mKag^^ ° W H. Booth. laqiiid Fuel and ita (lombtia- 
(fc) the Kermode hot-air l.urner (h.g. 2), in ; ,,^^221; also Redwood’s Petroleum, ii. 

which the oil is partially vaporised and sprayed l.jr ’714 \ 

by means of hot air at a prwsure of from J to are also employed as fuel in 

4 Ilia, imr 8,,. meh, 1 he oil onto™ at A, its i„t„„^,.„„„b,«,tion enginca. With all tho 
further flow being regulated by a conical valye ^ petroleum enginee, oe with the 

and aUt. The air, auitably preheated, entera ,„„t„r.cir engine, it waa neeeeaary to 

at the hranohoa i. and c; the portion passing ^ petroleum epirit (‘petrol’), but 

* in modem types of stationary engine, kero^no 

^ and even unrefined oils of higher boiling-pointa 

n may be used. These engines usually work on 

J four-cycle principle. A charge of vaporised 

Qil (lir jn drawn into tho cylinder on tho 
" ^ out-stroko of the piston : on the return stroke it 

kill—^ jg compressed ana fired by a spark at the inner 

dead point. The piston is then propelled ou^ 

Pjq 2 . wards by the explosion, and on the return stroke 

the priilucts arc eyoUed. Part of the h^t of 
through c meets the oil as it passes tho oil- the products is utilised in Taporising the oil 

control valve, which is regulated by the wheel B, heating the air, or both. Ac(?orang to tittu 

and both travel on together thiough the central made for the Royal Agricultural Society m IWl 
tube K, in which is fixed a helix, whereby com- by Profqfsor Ewing, the ou consumptiOT 
plete mixture of oil vapour and air is ensured. (American kerosene, *P;^ i?S it/ 

The two air supplies, through b and c, are 86®F., and cal. value 10,329 K.t«,U8. 

separately control^ by means of tho rack and on 5 t3rpes of engines, (levwoping o ro 16 
pinion at M mid L roipectively; anii (f) the varied Mtw^en 0’69 and 1'30 lb. per b.k-^-nour. 
* Kermode ’ pressure-iet burner (Big. 3), in which The highest thermal efBmcncy inmcat^ oy toew 
n supidy of oil pumped into the burner tbroi^h trials waa 20 p.c. The I>iesci ml en^ne, whion 


through c meets the oil as it 
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Has a hif^her ihorm^ efficiency than any other 
boat, engine, bums ordinary unrefined fuel oil; 
the cycle nonwiets of four atrokee, namely, 
(1) out-Htrok<', in wlii(di air at atmc»phcrio 
preeaure i« drawn into the c-ylinder; (2) com- 
presaion atroko, in winch tlie air ia comproRsod 
to about iir>-40 atmospherea, thereby becoming 
highly heated,- when the comprcflflion has 
roachttd about 10 atnuiaphorcie, part of the air ia 
drawn out by a single-acting air pump and forced 
into a receiver (which is in direct communication 
with the a<ltniBHi(jn valve chamber) at a prmsure ' 
of about 47 atniost)h('reH ; (II) out-Htroke, during 
the initial part of wlii'-h oil, proviouHly forced 
into the aumiHwion valve chamber, is sprayed 
into the cylinder by a small (piaiitity of the 
highly compressed air in the receiver. The oil 
Iramcdiatoly burns in the liot compressed air in 
the cylinder, no sparking or other similar 
ignition device being re(juire<l to start the com- 
bustiun; the priKlucU of combustion then 
expand,—this is the working stroke ; and (4) 
return Htrok<', the products are expelled from 
the cylinder. The makers of the engine giiaran- 
6 bo that the consumption of crude potroloum will 
not bo more than 0‘452 lb. jior b.h.p. per hour at 
full load, equivalent to a thermal ellicioncy of 
S5 p.c. J'lxhaustive trials by Mr. Ado Clark 
(Proc.. Inst. Me<‘)i. Kng. IHOII) on a twu-cylinder 
ItiO h.]). engine at (llu'iit-. sliowed a thermal 
oflieiimcy at full luiul of It2’ll p.e. }>er b.h.p.-hour; 
on a single-eylmdcr Kd h.p. engine, the coire- 
R|)onding eflieieney was 111*2 p!c. Tlu' Diesel 
hngine Co. have produeetl a marine tyjie of 
engine which can be coupled direct to the pro¬ 
peller shaft without the intorvontion of a clutch 
or other similar gi'ar. The engine is reversible, 
and its speed is variable at will. Suei'essful 
trials have lu'en made with coal tar os fuel for 
the Diesel engine. 

Literaturr. —Redwood, retifileum (2 vols.), 
and W. H. Hfaith, Liquid Fuel and its Com¬ 
bustion. 

C. (Saseous Fuels. 

The groat iwlvantagi^ of gaaeoua over solid or 
liquid fui'W, for heating ]mrposes, lies in the fact 
that tlioy (!au Im' completely burned in fiimac<'a 
of regenerative type with only a slight excess of 
air, and they are therefore specially adapted for 
purposes whore very' high temperatures on n largo 
scale are requir’d. 'J’he al)sonce of smoko and 
ash makes their extended use, from the public 
point of view, muinonlly ^dosirablo ; moreover, 
the possibility of gasifying coal under ammonia- 
iwvory ('ondition.s. coupled with the much 
higher thermal ofiiciency of an intomal-com- 
bustion engine as compared with a steam engine 
or turbine, has firmly established the position of 
gaseous fuels in relation to power schemes. 

Natural gaa. In the petroleum districts of 
Pennsylvania and adjoining states, natural gas 
issues from the strata at a depth of 600-2{K)0 feet 
Mow the surface, and when bore holes are sunk 
into this aooumulation, the gas rises under a 
mean pressure of 25(M00 lb«. pea sq. inch. 
Between the years 1821 and 1883 natural gas 
had been used in a limited way for illuminatii^ 
and heating purposes; since 1883, however, it 
has undeigione an extraordinarily rapid develop¬ 
ment for industrial purposes. Aooording to we 
Eeport of the British Iron Trade Associatimi 


Commission to the United States (1902), the 
companies engaged in the natural-gas business 
in the Pittsburg district were operating neady 
3000 miles of pipe lines, and the daily oonsump- 
tion of gas throughout the year avenged about 
50 ji.c. greater. Two corapani<» brought gas 
from a distance of more than 100 mili^. In 
1014 the total production of natural gas in the 
U.»S. was 501,800 million cub. ft., the fuel value 
of which was computed at 04 million doUaia. 
The composition of tbo gas varies in different 
wells, and even in the same well after a short 
lapse of time; motliano (04-04 p.c.) is its 
principal constitiHiiit; hydrogen (3-30 p.c.), 
together with small jiercentages of ethane, 
ethylene, carbon monoxide, and nitrogen make 
up tlio balance. Tho density varies between 
0*45 and 0*55. Analyses of natural gas as 
supplied to 25 cities in the U.S. are given in 
U.S. Bureau of Minces Technical Pai)©r, No. 109 
(1015), according to which live of tho samples 
contained motliano only as the combustible 
gas, the remainder containing in addition thereto 
higlier paraffins (particularly ethane). Processes 
have b^n installed for extracting ‘ gasoline * 
from sucli ‘ parafilimo ’ gases by alisorption 
methods, using potroloum distitlat^ or naptha 
as the wash-oil. Natural gas also occurs in 
the Bouthorn plains of Alberta {(janada). In 
the Bow Island area it ia obtained at 800 lbs. 
prossuri*. and, according to the (Canadian 
Department of Mines, Memoir 93 (1917), the 
possible production of this Held alone amounts 
to 50 million cub. ft. per diem; it contains 
(IH4-8<)-7. (;jf„. = l*8, H=5-4, N=6*l p.c. 
Natural gas has never been found in Groat 
Britain oxc(»pt in too small quantity to be 
industrially important; in 1895 gas was en¬ 
countered during well-sinking operations at 
Hoathtield (Sussex), at a depth of 300 feet. In 
1902 goa was issuing from tlie bore holes at a 
pressure of 140-200 lbs. per sq. inch; it con¬ 
tained 93*16 CH^, 2*94 C^He, 1*00 CO, and 
2*9 p.c. N., but no hydrogen. 

Coal gas (coke-oven gas). Gas manufactured 
by the (carbonisation of oituminoua coabi in fire¬ 
clay retorts, freed from tar, NH,, and HgS, and 
in some instances mixed with either blue or 
carburetted water gas, constitutes the chief 
public gas supply throughout the world. Within 
recent years the surplus gas from by-product 
coking planf^ has been purified for pulmc use, 
and in localities where metallurgical coke is 
largely prepared, ‘ coke-oven gas ’ will probably 
bo more extensively used in the future. The 
composition of coal gas varies considerably in 
different localities, aooording to the nature of 
I the coal, the nature and disposition of the 
retorts, and the temperature of carbonisation. 
A good ‘ straight' co^ gas as formerly supplied 
to the public in this country contained 45-w H|, 
39-36 CH«, 4*0 heavy hydrocarbons (reck¬ 
oned as C,H,), 6‘0-10'9 CO, together with not 
more than of about 8*0 p.o. ; and it had a 
cal. value 575 net and 645 gross B.TIlUb. per 
cub. ft. at O*’ and 760 mm. 

With the almost universal adoption of incuk- 
descent mantles for lighting purposes and the 
consistent increasing uses of gaa for domeetio 
heating purposes, the need of so rich a gas ^ 
high BeU-iliaminating power diminished, a 
condition whkh opem the way foe eheapir 
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production by niaing the temperature of the Urban Btitriot of Litile Hulton (Lance,), and 
retort settings. In 1913, the ayeraKO gross the Coiporation of Middleebrongh now dra^ its 
oalori&o value of the gas supplied in six of the entire pubiic supply of gas from re^nerative 
laweet cities of Great Britain was about i>80 by-product ovens at a neighbounng iron- 
B.ThuUs, per cub. ft. at and 30 in. boro- worw. 

meter. During the war. the gas was almost Producer gas. For the cheap and rapid 
universally " dobcnr.olisod,’ whereby its gross | production of gaseous fuel for industrial pur- 
calorific value was reduced to iK'twcen 450 and j poeos, there is no bettor proooss than the 
500 B.Th.Us. per cnh. ft. Long bofort^ the war, I gasification of solid fuels (peat, bituminous coal, 
some gas undertakings bad regularly mixed i coke, or anthracite) by means of a mixed air- 
either ‘blue’ or ‘carburettod ’ water-gas (y.v.)j steam blast (sometimes air alone is employed) 
with the coal gas sent out of their works; and ; in some form of gas ‘ pro<lucer,’ whoiwy the 
this practice is likely to grow ooiisiilorably in i fuel is convcrUid into ga-s containir^ some 
future, 6 S{>coialiy as the Gas Bcgiilation Act, | 35-45 p.c. of <-ombiistiblo ( onsiituente (CO, H, 
1920, has ordained that in future consumers ! and OH 4 ). A modern gas producer comists of 
shall be charged according to the Thermal units i a cylindrical fumaco, 0-12 feet iniemal diameter • 
(‘Therms’ of KXhOOO BTh.Us.) actually sup- | and 10-15 feet high, lined with fire-brick with 
plied. It is probable that post-war gas-Btandards 1 an outer mild sUiol casing, and usually water- 
will mostly be between 400 and 600 H.Th.Us. ! sealed at the bottom. Means are provided 
j)cr cub. ft. ; ( 1 ) for the introduction of the blast through 

Althougii the cost of manufacturing and I some form of grate or twyer fixed immediatwy 
distributing the gas militates against its nse in j above the level of the waUw in the seal, and its 
large-scale industrial operations, where low fuel j regular distnbulion througli the bed of inoan- 
ciMts are of first importance, it has nevertheless | descent fuel (usually 3-5 feet in thickness) which 
made groat progress m recent years (I) in the rests upon a lower bed of ashes ; and ( 2 ) for thfc 
direction of supplying the neetis of innumerable charging in of the raw fuel through (usually) 
small-scale inaustrial conaumers ; ( 2 ) in con- some form of bell hopper fixed centrally on the 
nection with the manufacture of high-grade top of the producer, round which are arranged a 
commodities, whore the cost of the heating number of equidistant poking holes closed by 
operation is of less consequence than the iron balls. The gas outlet is fixed near the top 
certainty of attaining a particular result within of the cylindrical furnace. Taking aa a typical 
a given tune {eg. in the heat treatment example a producer working with a mixM air- 
of Sfiecial steels or alloys); and (3) for brass steam blast on a common bituminous coal, the 
and aluminium molting, pipe welding, glass chemistry of gasification may be epitomis^ os 
annealing, the tempering and forging of tools, follows. When a froeh charge of fuel is dropped 
Ac. Thus, for example, 13 of the ]nmcipal into the fumaco, it first of all undergoes a process 
firms in Sbcflield used, in 1917, u])war(iH of of distillation on the top of the fire, whereby 
1200 million cub. ft. of coal gas for industrial H, CH 4 , tarry hydrocarbons, 00, together 
operations. with small quantities of NH^, HjS, &o., arc 

Tests carried out at the Imperial College of evolved, probably in much the same proportions 
Science and Technol(^y, London, have shown os in the ordinary retort distillation of coal; 
that a well-constituted modem gas fire, in which olefines and higher paraffins are, however, so 
the columnar fire-clay ‘ radiant ’ material is rapidly decomposed that they do not, as a rule, 
properly disposed in relation to the atmospheric appear in the gas passing out of the producer, 
burners, will not only completely bum the gas l^e carbonaceous resitluc (coke) is sutMei^nently 
without a vestige of carbon monoxide escaping completely gMified in the lower layers of thd 
into the room, but it has an unexpectedly high incandescent fuel bed, by intoraotion with the 
* radiation ’ efficiency. The total ‘ radtalion * ascending air-steam blast, 3 delding a mixture of 
from such a fire will vary from 45 to 50 p.c., COj, CO, H, and N, together with further 
whilst about 30 p.c. of the nel heat generated small proportion of NH, and CH 4 . The pro|K)r- 

passes directly into the flue, the balance being tion of COj, CO, and H leaving the incandescent 

‘convectod’ into the room. Also H. James coke bed depend upon the steam saturation 
Yatm has designed a ‘ ventilating gas tire ’ temperature of the blast, which also lai^ely 

which combines the aforesaid high ‘ radiant * determines the temperature gradient through- 

efficiency with a ventilating capacity nearlj out the fire. In order to fully underatfilnd ihe 
equal to that of an open coal fire. chemistiy of the process, it is necessary to 

Large surpluses of ‘ coke-oven gas,’ which is separately consider the interaction between 
little, if at all, inferior to many town gas supplies, incandescent carbon and air and steam respeo- 
are now available for steam raising or as gas- tively. In a solid bottom producer operated 
engine fuel. The efficiency of the gas when burnt with a dry-air blast, the imtlal action of tl» 
in Lancashire boilers rarely exceeds 66-70 p.c., oxygen upon the incandescent carbon w npidly 
and with coal at lOs. per ton the c«it of the gas 8 aooeodSdbytherevAr 8 iblereMtion 2 C 05 =*C'fOOt 
for steam raising does not exceed 3d. per 1000 in which the state of equilibrium is a funotiem 
cub. ft. With the rapid extension of by-product of both temperature and the partial pressureB ot 
(Mking plants in Great Britain, the proper utilisa- the CO end CO*. It can be demonstrated that 
tion ot the eneigy represented by tne surplus gas the time Ifequiiw for the eetablishnMiit of this 
has become a problem of national importance, equilil^am, at the temperatures which prevail 
An average ‘ oebenzolised coke-oven gas * will In the fuel bed, te far shorter than tha>€ oewm- 
eontain CO,=s2‘0, CO=i6*0, 0,H«=20, GH* pied by the gaseous mixture in traveatlng the 
*=«26-0, HnrfiS-O, N»10*0 p.c. In 1910 Pariia- fuel. Accortfing to Rhead and Wheehw’s ek- 
*®^ta!y sanction was obtidned for suimlying periments (Chom, 80 c. Tnins. 1910, 2178), tl» 
fr^ the Braekley Coke Works to the equilibrium in the system 200wd^4’Wt 
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atmofipheric prcftRuro vario« with temporaturc os 
follows;— 

Per cent. 


Tcniii. 

CO, 

00 

860" 

«' 2 ;t 

03-77 


1-32 

98-08 

1060’ 

0-37 

99-03 

1200 ° 

00(1 

99-94 


reflulUi which arc in apnioment with tho thermo¬ 
dynamical equation 

. (!% 

-HoK 

• ftl«. ' '(X)2 

As tho ehango from 2 <'() to CO^ involvofl a 
t diminution in volume, it can be predicted 
on thermodynamical groumJs that a Jowcnn^ 
of the partial jiroHHiiroH of tlie (HJ., and (!(), 
consequent on dilution witlj N in" the pro¬ 
ducer fiMQH, will affect tlnj o([udibriuni in tlic 
same direction aa an nicreawe in U‘m[)eraturo, 
i.e. it will tend to increjwe the ratio (lO/dOj at 
any given toiui)oraturo. 'Dio temporntures in tho 
active zones of the fuel Ixxl of an air-blown pro¬ 
ducer gasifying coal or eoko may vary between 
1260° an<l ujiwards of 1400", ami with good 
coke it ia easily ]>oHHihlo to generate a gas < 5 on- 
taining 0‘6 ('(), 1*6 JJ, and 06 0 p.c. N. 

Jlut since the eonibustion of carbon to CO bbo- 
rates approximately 30 p.c. of its t.ot 4 il heat of 
combustion, not <*nly would the thermal elHci- 
ency of the giisiru^aluju in an air-blown pnxlucer, 
nxjkoned on the col<l gas, bo low, but the liigh 
Uunperatuix's m the fuel bod would cause 
soriotw clinki'ring troubhw in cas<» wheri^ tlio 
fuel leaves a fusible asli. In tho I’liwaito 
cupola producer (30 feet higli and (> feet intenial 
diameter). whor<< a dry-air blast, forced in 
through a aericH of twyers near tho bottom, is 
employed, it is usual to add a certain proportion 


I of limestone to the fuel chaise in order to form* 
^ a liquid slag with tho ashes, which is tapped at 
I intervals through a slag-notch. Working on a 
i Lancashire slack coal, this producer yields a gas 
i containing 2-0 CO,, 20 0 ('0, 5-35 H, 2 05 
: Ol't) N, of cal. valiK? 130*8 tid, and 138'7 firofm, 

I lI.Th.Us. per cub. ft. at 0" and 700 mm. 

Steam reacts with carbon in two ways, 
j namely, (1) (J-f 2 Il 2 ()--(M)„-f 2H8, and 

I (2) Cf 

' and both nsactions arc strongly endothermic. 
At 500‘M)00" (1) predominates : as tho tempera- 
' lure risoii (2) gradually assorts itself, until at 
I KHKt" and upwards it occurs exclusively. Tho 
: function of the steam in a ga.s producer is, there- 
fore, to absorb sonic of the heat liberated during 
the partial ‘ air combustion ’ of the carbon to 
(X) by doing chemical work, thereby raising tho 
potential enoigy of the resulting gas at tlie ex- 
^ ])onso of some of its sensible heat. Incidentally, 
j also, clhikoring troubles with a fusible ash are 
; greatly diminished by the admixture of steam 
i in tho blast. Where a large proportion of steam 
is used, tho composition of the resulting gas is 
apprticiably affected by tho reversible system 
CO-J H,();f=i(X),-)-H 2 , of which the equilibrium 

, , (lOxHjO . ... . 

constant, =K, increases with tempera- 

I tiire (according to 0. Hahn, K—0-81 at 780°, 
1*64 at })H6°, and 2*10 at 1205'’'). The operation 
; of this rcvei’Hiblo reaction must also be con.sidei*od 
! when a producer gas p4as8(5H through the hot 
regenerators of an open-lioarth furnace, 
j The mfhnmco of varying blast-steam satura- 
^ tion temiwalurcvS upon tho composition and 
! yield of the gas from a Lancashiro bituminous 
I coal containing 0---:78*0, H~r)-4, S—1'0, N —1*4, 
O==U)*0, aah=4’2 p.c., and yielding 30 p.c. 

I ‘ volatiles ’ at (KKl°, is shown in the tabulated 
[ ix^jults below of a serias of gas-producer 


Average <Iepth of Ijicandeflcciit 1 
fuel. \ 

3 foot 6 Inches 

7 feet 

Average rnt<' gnslHoatloii \ 

(rtny-HhlO) poi hour jwr pro-1 
iliieer . .) 


22*5 cwts. 




11*5 owls. 


Steam saiuratlon fcmixiratitrcl 
of blast . . . .1 

4r»° 

50" 

r,r.- 

CO" 

70" 

(VO" 

65" 70" 

75® 

BO® 

lllj 

¥ 

Carlxin (Uoxi<U> . 

OarlM)Q nioi)(i\i(le 
Hydrogen 

Methane 

Nitrogen 

2*35 

3100 

11*60 

3*05 

51*40 

2-.5() 

:u)*oo 

12*35 

3*()() 

51*55 

4-40 
28 10 
1,V45 
300 
49*05 

5*10 

27*30 

lf)*60 

3*05 

49*05 

9*25 

20*85 

19*76 

3-45 

46*70 

5*25 

27-30 

10*60 

3*36 

47*50 

6*95 9 15 

25*40 21*70 
18*30 19*65 
3*40 8*40 

45*90 46*10 

11*65 

18*35 

21-80 

3 35 
44*85 

13*25 
16*05 
22*65 
8*50 
44 55 ; 

^ Total combustibles ' 46*2 

45-06 

46 60 

45-85 

44*05 

47*25 

47-10 44*75 

48-50 

42*20 

Calorific value of Uie gas, i 
B.Th.XJ. per cubic foot 
at 0’and 760mm. 

180-0 

170*5 

178-5 

168-7 

180*8 

169*1 

178-7 

166-9 

176*6 

161*0 

186*6 

1730 

186*4 177*5 
172*0 163*3 

172*0 

167*8 

169*5 

154*3 

Yield of gas, cubic feet, at 0® ( 
and 760 mm. per ton coal . \ 

138,700132,500 lS2,7(K>il3,5,000 

. . . 1 .. . ( 

- 

138,250 

134,400;i41,450 

145,800 

1 

147,600 

Btoam added to blast, lbs. per i 
lb. coal . . . . t 

0*2 

0*21 

0*32 

0*45 


0-45 

i 

0*55 : 0*80 

1 

1*10 

1*55 

Percentage steam decomposed 

all 

all 

all 

76*0 


87*0 

_ 

80-0 1 61‘0 

62*0 

40*0 
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triab) (each extendiug over a oootiauous period 
oi 106--130 houie) carried out by Bone and 
Wheeler in l90(i-7 (Jour. Iron ani iiJtoel. Inst. 
1907, i. 126 ; 1908, ii. 206). 

In these trials it was ako proved ( 1 ) that 
on gasifring an ordinary bituminous coal by 
means of a mixed air-steam blast, about 92'5 p.c. 
of the carbon in the fuel is convort<‘(l into per¬ 
manent gas (CO_., CO, and OH 4 ), another 0'3 p.c. 
appears m tar, and the remaining 12 p.e. is 
lost in the ashes. Tlioso proportions are inde¬ 
pendent of the bhist-sU'am saturation Umipera- 
ture. (2) That with blast-stoam saturation 
tomiieraturcs up to and including 65“, the 
whole of the steam in the blast i.s decomposed 
in passing through the fuel Innl; the satura¬ 
tion temperature is raised above this limit, tlie 
proportion of the steam decorajmsod progressively 
diminishes, although th(' absolute quantity (per 
lb. of fuel) imu'cases. (3) That increasing the 
effective depth of fuel be<l Ik^voiuI 3 feet 6 inches 
has no intiuence ujion either the composition of 
the gas or the practicable rate of gasification. 
(4) That the tlicnnal efficiency of the gasification 
rc*aches a maximum at bhust-sti'ain saturation 
tcmporatun*s Is'twoen r>l)^ and <K)^ and that the 
best quality of gas for furnace purposw is 
produced with a saturation tiunperature of 50°. 

In giuH generatoil for furnace jmrjMises it is 
important that the CO conUmt shouUl be as 
high as jiossible, and that the H content should 
not oxecod about 12-14 p.c. ; moreover, for a 
rogenerutive furnace sujiply the gas leaving the 
producer should bo in a hygroscopic condition 
such that the proportions of t'U;, CO, H, and 
HjO shall substantially conform to the equili¬ 
brium ralio (‘{jrresjKJiKUug to the highest tom- 
poraturt! of the regenerator (say 1200 °), namely, 

--g--—2*0. This latter requirement is ful¬ 
filled by a gas containing 2’6 COj, 30*0 CO, 
12’35 Jf (such as may bo generated with blast- 
steam saturation ti^mperaturo of 50°), and 
leaving the producer in a hygroscopic condition 
corrwponding to saturation at 20 °. Huch a gas 
will leave the producer heavily cliarged with 
tarrv vapours, and at a lornperaturo of 500'- 
600° ; it usually passes on to the funiacc through 
largo fire-brick lined mains, without being 
cleaned or cooled, accumulations of tar, soot, & c.. 
in the mains bi‘ing burnt out in a current of 
air at the end of each week’s run (rt^/r also W. 
A. Bone, Producer Gas, with special reference 
to Steel Works Requirements, Joum. W. of 
Scotland Iron and Steel Institute, 1911). 

In gas generated for power purposes, the 
actual composition is not so important, provided 
that the total content of combustible constituents 
is high, and in such cases the gas may bo gene¬ 
rated under conditions permitting of the recovery 
of a largo proportion of the N in the fuel os 
NH,. A gas supply for intomal-combustion 
engines must bo noth thoroughly cleaned and 
cooled down to atm(»pheric temperature before 
delivery to the engine. 

The main points to be considered in 
relation to gas-producer design are t ( 1 ) the 
easy and accurate control of the blast-steam 
Mturation temperature; ( 2 ) a suitable form 
of grate or twyer which should permit of 
^ of gMiffcation, togetlmr with 

ooiform distribution of the blast, through the 


fuel bod; (3) the contour of the furnace body} 
and (4) tho arrangomenta for chafing tne 
producer and removal of tho ashes, (ino of 
tho earliest forms of gas producers (Ebelmon, 
1840) was of the cupola ty{>c, in which charcoal 
or coke was gasiffod, with a positive blast 
introduced through twyers, limestone being 
added to the charge (if necessary) to flux tho 
ash. Ill 1845 Kkman, a {Swedish ironmaster, 
designetl a furnace and producer combined, for 
which the fuel was charcoal. Tho producer 
itself consisted of a cylindrical fire-brick chamber, 
enclosed in an iron cosing, a spat^e being left 
botwi^en the brickwork and tho casing through 
which the air supply was admitted and pre¬ 
heated on Its way to tho lire. In 1861 the 
Brothers Siemens patented their well-known 
producer for use in connection with their now 
rcgoneralivo furuat^e. This producer consisted 
of a iire-brick chamber, rectangular in section, 
the front of wlm-h was inclmoiY at an angle of 
45°-(>6'', jirovideil with a grate at tho bottom, 
through which a current of air was induced. 
Below the grate was a trough of water, which, 
on evaporation, by heat radiated from the 
grate, adiled a certain proportion <»f steam to 
tho induceil air supply. {Subsequently tho front 
of tho producer was closed by an iron door, and 
I-ho air sujiply forced in under the grate by 
steam injection. This producer was tho first to 
sm^cessfully gasify a bitmniuous coal; it was 
capable of generating a fairly good quality of 
gas, but its rate of gaslticabion was low. In 
1876 Messrs. Brooke and Wilson patented a 
roduocT consisting of a cylindrical chamber 
aving a solid hearth, but no fine bars. Tho 
mixed air-sb'am blast was obtained by steam 
injection, and was introiluced into the fuel bed 
by means of a box-shaped casting which traversed 
the middle of tho hearth. In 1882 Mr. WUion 
patented a form of generator on which ash and 
clinker were automatically removed by means of 
two worm screws revolving in a water seal. 
Water-sealed producers have now almost on- 
tircly sujicrscdcd tho older solid or bar-bottom 
types. 

Tho Duff producer (Fig. 4) may bo cited as 
a modern producer of simple design; it oonsista 
of a cylindrical eburaber, a, 7-10 feet internal 
diameter, with a 9-inch fire-brick lining within 
an outer steel shell. At the bottom of the 
lining is a circular angle-iron casting, which dips 
into tho water seal in tho trough bb. Tne 
‘ Duff ’ grate, or blast grid, c, is a /X-shaped 
structure, with transverse grids extending as a 
ridge across the producer immediately above the 
water seal; the air-steam blast enters the 
space beneath tho grate, and the grid ensures its 
uniform distribution over a considerable area of 
tho fuel bod. The latter (which, as a rule, 
extends to a height of about 3 feet above tho 
apex of^he grate) is supported upon a bed of 
ashes, which extends downwards from the grate 
level into the water trough. In the lower part 
of the sliell of the producer, and on a level wit^ 
the grate, ore inserted cleaning doors dd. The 
fuel is chaiged intermittently into the funume 
through the belled hopper E, and the gas outlet 
is at F; the dotted lines at 00 indicate poking 
holes. Asfaoe are withdrawn from the yn.tm 
trough at r^olar intervals in qumirity oenre- 
sponding to the rate of accumulation in the 
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furnaoe. A producor of 10 foot intornaJ diameter 
will gaeify 10 cwta. of coal per hour, or about 
15 Iw. per eq. ft. of lire an»a. 

In Jp'ig. 5 iH HhoH'u tiio latent form of the 
Mond prodiioor, wliicli, although designed with 
special roforonoj; to ammonia-recovery practice, 
is ominontly iiditpte<l to a!i working conditions. 
The cliicf fcaturoH about tins prod»c( 5 r are I 
( 1 ) tlio onnulus a f)ctwcoii tlie inner lire-brick j 
jiuing and outer stool shell through whi<di the | 
incoming prolioatcd nir-stourn blast jioshos before i 
reaching the grate ; ( 2 ) the hanging bar grate n, ' 
whioh takes the shape of an inverted truncated 




cone, with spaces between the bam for the 
admission of the blast, an arrangement which 
ensures an adequaU^ grate area and a very 
uniform and effoctive distribution of the bln/t 
in the fuel bod; and (3) the largo bell c at tlie 
top of the producer below the chaining hopper 
D, whioh is supposed to oxjK^dite the preliminary 
^stiUation of the raw fuel. The Mond producer 
IS usually worked with a very deep mel bed 
os indicated in the diagram, but if the bell c be 
dispensed with, a much shiUower fuel tied may 
^ ^ with advantaw. In Fig. 6 is shown the 
B. w. produoer, which, with an improved form 
of hanging bar grate, is specially adapted for 
rapid gasi 6 cation with a shallowt fuel bed 
In a producer of this type, 10 feet internal 
diameter, from 20 to 25 ewts. of coal (equal 
to 30-25 U». per sq. ft. of fire area) may be i 
gasOid per hour. , j 

(Bosm yoaln ago attention was drawn to the j 
automaAlo md continuous feeding of the fuel I 


into producers so as to ensure a more even 
distribution over the lire bed, and more uniform 
working conditions. The ‘ (Jeoige ’ feed of 
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device is an inclined and slowly rotating water- 
cooled . feeling spout a, fixed immediteely 
under the ohaiigiiig hof:^ b, tiie fuel 








ooutiDuoiMly forced from B iato a by the slowly 
revolving circular disc, o, working up Mainst the 
fiud bracket d. The producer iteelx is water 
seBed. and circular in section, but tapering from 
tie middle downwards. The blast is intr^uced 
through the centra! dome b, and the gas outlet 
is at r. The producer may be worked witli a 
shoidow fuel bed (3 feet thick), and with a fire 
of 10 feet diameter will gasify about 10 cwts. of 
fudjMr hour. 

T^e Kerperley producer (Fig. 8) embodies the 
latest device for the automatic and continuous 
removal of ashes, consisting of a revolving : 
conical grate. A, fixed eccentrically upon the 
foundation, and provided with a flattened top. 
The cone comprises a number of plates through 
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which t^ie steam-air blast reaches the fire. The 
grate is fixed in one piece with the shallow iron 
water trough bb. which is continuously rotated 
at the alow rate of one revolution every 2^3 
hours. The lower part of the producer surround^ 
ing the zone of active Chemical action is water- 
jacketed oo, in order that no incipient clinkers 
can adhere to the cold side plate. The slowly 
revolving eccentric giete disintegrates clinkers , 
before they attain largo dimensions, and, pushing 
the ashes outwards into the water trough, 
causes them to be automatically discharged oy 
their coming up against a fixed scraper. The 
Morgan producer also is now fitted with a 
mechanical revolving grate (Fig. 9), which, 
besides cfieciwg automatic discharge of ashes, 
considerably increases the gasifying capacity of 
the producer, 

A eUU more recent mechanical development 
in gas-producer practioe is the employment of 
WBtcr-cooled rotatory poking devices of which 
tlM> Chapman Floating Agitator is a typical 
This apphance combines an «Qto- 
. .iplMe feed with a sWiy rotating water>eoo]ed 

’ 


stirring anmigement which keeps the upper 
layers of the fuel bed oomrtantly agitatM, 
whereby *oaj^g' is prevented; it may be 
fitted on to existing types of producers, no 
matter whether they have static or rotating 
grates. In the lati^t form of Mo^n *Gaa 
Machine,’ the coal is automatloally fed into the 
producer, whilst continuous removal of ash U 



effected by making the body of the producer to 
rotate slowly an<l automatically sweeping the 
entire bottom of the water-sealed ash-pan by a 
suitable spiral-shaped bar or plough. All need 
of poking iH ebminated by using an adjustable 
waUu’-oooIed ‘leveller,’ which ‘floats’ on the 
slowly rotated fuel-bed and keeps it (K>Qstantly 
levelled. 
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|;[AlMargo gas producers arc blown^on the 
pressure «ystem either by moans of steam 
injection or preferably by a suitable Isa mr 
blower, steam or electrically driven, Tim 
pressure required is only 3-fi iimhee water gauge, 
according te»the thickness of the firo. In wa 
case of a blower-produced blast, the requisits 
Hteam is introduce through a lateral opaDii^ 
into the air duct a few feet beh»e it miten tiie 
producer; perfect control and adjustmoot oi 
the blast-steam saturation temperatine is oh 
great importimoe in relation to uxmorm workfaQ|^ 
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For tho clcuuing and cooling of producer gas 
for gas ongim*, variouH arraiigcmonte of plant 
arc employed, conipnHing ( 1 ) a dust-catching 
cbambci*; ( 2 ) atnioKphcric condenser, usually of 
annular fyj)e; (3) water-sprayed coke or 
‘ hurdle ’ Hcrul>b<‘fs ; (4) water-sprayed fans ; 
and, finally (.'>) sawdust scrubbci’s or other 
equivalent devices for removal of tar fog. 

^For small (up to 200 li.p.) power installations, 
proilucei-K m which the bla-st w induced by the 
suction of‘the engine cylinder (‘Huctif)n pro¬ 
ducers ’) are now iurg<^ly employed with anthra¬ 
cite or coke as fuel. The first Huccessful attempt 
to 0 [)erate a producer by suction in eonjuiictioii 
with a gas engin<* was made by l/;on licnicr, 
in 189H, who employ(‘d a suction jiumj), placed 
side byside with tho engine cylinder and driven 
by moans of a eomuH tion with the fiy-wliei'l axle 
Soon afterwards tlm Huction of the engine 
itself, on the out-stroke of tlie ]>ihtoii, was 
substituted for the Henier suction pump, tlius 
chea|»oiiing construction, and at the same time 
reducing fractional lossi-s. By IIHH ‘suction’ 
power jilaiits wi'n? established cni the market, 
and their xim'. lias sinci' sleadily extendis]. Such 
a plant (as illustrated in h'lg. lU) consists of the 
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following essential parte : (1) A lire-brick-lined 
generator. A, of cylindrical section, in which tho 
fuel is gasified by means of an air-steaiu induced 
draught; the fuel is introduced tliroiigli an 
uir^lighi fading hopper, n, whicli droiw it into a 
storage and distillatton hell, c, situateu within the 
generator. Tho fire rests upon a horizontal 
gratei under which is a shallow chaml>er, D, with 
a solid bottom, and a laU'ral opening com¬ 
municating with tlio air aiul steam supplies. 
(2) A wpofiscr, B, which ^may bo citfter within 
or without tho upjior part of tho shell of the 
generator, in which a regulated wab'r supply is 
vaiwrised, usually at the expense of some of 
tlio soiisiblo heat of tho hot gas^lca\ing the 
enerator, cir sometinieB by tlie boat td the 
re. (3) A water-sprayed coibc scrubber, f, for 
cooling and washing the gas; ami (4) an 
expansion box, a, which servde the double 
purpose of a gM reservoir for the engine, and, on 
the suotawk steohe, minimising tho jerikinees 


i of tho suck. 'J’he generator is started up 
I kindling a wood fire on tho grate with a layer 
I of coke or antrhracito above. Tho firo is blny» 
‘ up by means of a hand fan, which is a ncc^ 
j sary auxiliary to the apparatus. During the 
starting-up period, tho products of comWtion 
are sent into the atmosphem through a vent 
, ])ijK^, but aw soon as a rich enougligas is generated 
(about 20-30 minutoK from the start), the engine 
iH started luid tho fan shut off. A typical 
‘ suction gas,’ generated from gas coke with air 
saturated with sti^am at r»l* 7 ®, contains 
(;()„^510, (X).-25*45, h-1310, CH4=0'28, 
and N--5r)'32 p.c., its net calorific value being 
127 B.Th.Us. j)cr cub. ft, at 0^ and 700 mm. The 
thermal cflicieucy of tho gasification, allowing 
for Uie power required to draw tho gases through 
the system, and based on the not calorific values 
of cuke and gas respectively, is about 78‘5 p.c. 
The fuel consumption on a suction plant is 
about 1 lb. or <;vcn sliglitly less, per b.h.p. 
developed, tiic water consunqjtion for scrubbing 
, the gas being about 1*2 gallons per b.li.p. 

Ammonia-recovery systems. Tho solution of 
the problem of the gasification of coal under 
conditions whicJi ])Oimit of the recovery of a 
largo proport.iou of its nitrogen os ammonia, was 
due to the late J)r. Ludwig Mond, Tho b(ist 
jiractical results are obtained by working the 
producer with a blast-steam saturation tempera¬ 
ture of 85"^', the mixture of air and steam being 
>relioatod to about 250'" before it enters tlio 
iiel bod. Thcrti is carried into tho producer by 
tho blast about 2 lbs. of steam for every 1 lb. of 
coal gasified ; one-third on)^ of tliis steam is 
de(;omp(>sod, by interaction with carbon, in 
passing tlirough the fuel bed, tho remaining 
two-thirds passing with the hot gasew out of 
the producer. Tlie outstanding features of the 
liroeesH are ( 1 ) tliat, owmg to tho cooling influence 
of the largo proportion of steam in tho blast 
upon tlio fuel bed, tho low temiieruture inter¬ 
action C-|- 21 I. 20=(-(>2 hHj preaominates over 
tin* higli temperature ‘ water-gas ’ reaction, 
(M so that tho resulting gas 

{r.g. 17 0 (’U„ 110 CO, 24 0 H, 3 0 CH 4 , and 
450 N) luuH a high liydrogen and low carbon 
monoxide content as compared with ordinary 
1 producer gas ; and ( 2 ) that for economical 
working it is necessary that the large proportion 
of steam leaving the producer shall be conserved 
• to tho sysubeiii by some eflicient recuperative 
' arrangement. From a coal containing between 
I'2 and l’(» p.c. N it is possible to obtain up to 
90 lbs. per ton of ammonium sulphate, twether 
with about 150,000 cub, ft. of gas (at 0°and 760 
mm.) of calorific value about 150 gross and 
135 net, B.Th-Us. pi*r cub. ft. at 0" and 760 mm. 
Aocortling to tho Mond system of ammonia 
recovery and steam recuperation, as originally 
designed, tho gas leaves tho producer heavily 
('barged with steam and tarry vapours at a 
temperature of 600'’-600'". It then traverses 
tho central tubes of a series of throe annular 
‘ superheaters,’ indicated by B in the diagram 
(Fig. 11), each about 20 feet long. The incoming 
steam-air blast passes through tho annulus 
between the central and outer tubes in the 
roverae direction. The temperature of the gas 
is thus reduced to about whilst that of 
the blast is raised to about 260* (larger ‘ super¬ 
heating ’ of the blast oCcoeb as it subsequentiy 
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tnycnes Uie tumnlos between the fire-brick i 
lining and the outer steel casing of the producer I 
iteeln. The partly cooled gas next passes 
thrush a long rectangular and waier-Kcaled; 
ebamoer (the ‘ mechanical washer ’), r, where it' 
encounters a water spray thrown up hy a series I 
of revolving dashers, by which means dust, soot,! 
and a large amount of heavy tar arc removed,' 
and the gas itself further cooled to about KMl®. 
It next passes up the load-lined scrubbing 
tower I), packed with jMirforattul bricks or lib's, 
down which an acid lujuor containing .‘1G-3S p.c. 
of ammonium sulphate 'fduM 2*5 p.c. of sulpliuric 
acbl is sprayed, the volume of liijuor lieing so 
adjusted in relation to the upward flow of gas 
that the latter leav<w the tr>wer at a temjKTature 
of 80® and free from ammonia. The tarry , 
liquor from the tower is passed into an ojK*n 
tank provided with suitable partitions, in (krder 
to oliminaitt any small quantity of surface tar 
in it. To the mam hulk of tho 'clear lujuor ' 
is added a regulateil (piantity of sulnhurie acid, ; 
after which it is again jiumped up\o tho top 
of the acid tower D. A portion of tho clear 
liquor is, however, remf>vedfrom the circuit, and, 
alter treatment with heavy oils (if necessary) to 
remove tar, is evaporated to crystallising-pomt in 
a special lead-lined vacuum evaporator furnished ' 
with steam coils. After separation of ammo- , 
nium 8ulj>hato, tho mother liijuor is pumped , 
back into tho main-liquor cin'uit. The ammonia : 
and tar-free gas, on leaving the acid tow(?r at 
80®, is passed up tlie ‘ gas cooling tower ’ «,; 
where it encounters a ilownward spray of cold 
water, so regrilattfd that whilst tho gas is cooled 
down to about 00®, and rendered sulistantially 
free from tar, tho water is heated up to 75®-78 . 
The gas passes onwards to tho place of con¬ 
sumption through a second water-sprayed 
cooling tower in which it is further coolecf to 
30®, at which temperature it contains only 
4 p.c. by volume of water vapour. But if 
it is intended for gas engines it should Ik* further 
cooled down to within a few degrees of the 
atmospheric temperature, and be also passed 
through a sawdust scrubber to remove the last 
traces of tar. 

The hot water from the ‘ gas-cooling tower ’ 
is passed through a tar separator, after which it 
is pumped up to the lop of the ‘ air-saturating 
tower ’ K down which it is sprayed. The air 
blast for tho produ(!ei‘ is forced uji this towf'r by 
means of a blower; in this way tho blast is 
heated up to and saturated with steam at 75® 
at the expense of the hot water. A further 
quantity oi live steam is added to the air blast 
as it passes forward to the superheaters in order 
to raise its steam-saturation temperature to 85®. 

The chief drawback to the original Mond 
system was the lai^o capital outlay involved, 
which rendered ammonia recovery unprofitable 
unless tho coal gasified exceeded 180-200 tons 
per week. Moreover, tho gas, being rich in 
hydrogen and poor in carbon monoxide, is not 
w^ll suited for open-hearth steel or glass¬ 
melting regenerative furnaces. 

Sneoeagful efforts have been made to 
the mode of ammonia recovery 
i:i!y t^e Bnbstitntion of rectangular horizontal 
WMhen, ooDstructed of steel or iron work and 
Whdered resistant to the acid liqnor by special 
tmtimniil, for the expensive lead-lit^ vertical 


acid tower, and by m^ing the sulphate Uquor 
play the double rdle of an absor^nt for tbe 
ammonia in the gas and an agent fcff the 
traiwfor of undeeomposed steam liack to the 
producer bhist. As an example of this type 



of plant, the Oiosaley and Bigby system may 
be described with reference to Fk. 12. Tbe 
generator a central blown with a spedid 
rota^ conical grate (1 revolution in 4 honia), 
which gives an even distdbution of i;dast 
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through the deep fuel bed and minimiBeB clinker 
formation. The bltuit enters the fuel bed pre¬ 
heated to 280 and with a stoam-eaturation 
lomncrature of 85 '. The gae, on leaving the 
>ruuu<'or, paHHCK through the tubular * 8U}>er- 
leater ’ B, ho doHigued as to give a maximum of 
heating surface conihined with facility of clean¬ 
ing. The lalt<‘r ojioration may be effected 
wliilHt tile plant is running by nu'UiiH of a cork- 
H<3V(!W cieaner iJiserU'd througii lioh'H j)rovidcd at 
the top. Th(^ function of the suporlioater is to 
effect a transfer of part of the HcnNible heat of 
the outgoing liot gaw t-o tho incoming HWain-air j 
blaHt. The partly cooled gas n<!Xt jiasHCH 
onwards to the ‘ wjuiher condenser ’ c, oonsiKling 
of five comparLincnts, in the first two of whicli it 
meotH with a water H]»ray wliereliy it is freed 
from dust and lieavy tarry va^iours ; tiie Hf iiam 
goneratod is Hiibsequently rtfeovered. In the 
remaining tlm*e compartmcntH the gius i.s wasliod 
witli a spray of hidjihate injuor containing 0’5 p.c. 
of free acid, wlm h is (nrculatcd by gravity flow 
in a diroction contrary to that of tlio gas. Tlie 
absorption of ammonia is complete, wliilst at 
the same tinw' tiu’ gas is Hatistactorily cooled 
and most of the undeconiposed steam leaving 
tho prodm^cr is coudcnsisl. AftiT leaving the 
washer eoinlcnsor, the gas is slowly filtore«l i 
through tho <lry eoke K(‘nibbor I) wli('rob_> all j 
t.raeo of HuhiliaU' li<{uor sjnay is nunovod. The ! 
hot iHjuor from tlie washer condenser )>aK.sos by 
gravity How into tiie well K whence it is jiuinjicd 
into the air-sat urating cliamher f where it 
Hows and is sprayed by paddkw in a couiitei 
direction to th(' cold-air blast created by the 
blower o. 'I'ho lupior is thereby cooled and 
Hows by gravity baik to the washer coiidenHcr c, 
wliilst the air blast, is warmed and leaves the 
chamlier {rid the coke scrubber Ji) saturated 
with Hteam at 75". A constant proj^rtion of 
siijphato iH(Uor is withdrawn from cinmlation 
and delivered into the closed evaporator k, 
where it is coiiceiitraU'd to crystallising-point. 
A portion of tlio concentrate is run off at fre(iiient 
intervals into the crystallising trough L, where, 
after cooling and draining, tho sulphate is dried 
and the mother liquor returned by gravity flow 
to the washer condenser c. Tho steam from the 
evaporator is conveyed by an overhead pipe to 
the ease of tho coke scrubber n, where it enters 
Uie air blast already saturated with steam at 
76®. Tho steam-air blast then passes forward, 
vid the coke scrubber H and the superlieater ii, 
to tho producer. Owing to a special treatment 
of the iron and steel usra in the construction of 
the plant, all loadwork is eliminated, except in 
tho acid storage tank and the sulphate concen¬ 
trating and crystallising apparatus. In conse¬ 
quence of the greatly reduced capital cost, as | 
compared wi^ original Mond system, it is 
now possible to oairy out ammonia roeovery 
when gasifying only 100 ^ons per we:!k. From 
a produce ooal of average quality, containing 
l*20-r26 p.c. N, and up to 10 p.u. ash, it is 
possiUetoieoover 90-100 lbs. of sulphate pr ton, 
together with 140,000 cub. ft. of gw (at N.T.P.) 
oentid^ 16*6-17-0 00*, 10*6-11*0 CO, 26*6- 
27*0 H|, end 2*6-2‘8 CH 4 , 

A ,» iiw^ng the moat recent developments in 
regeid to ammonia*r©ooy©ry pr'\ctioe may bo 
mentioned (1) an intereeting attempt to econo¬ 
mise stcMA by gasifying the fuel in a water- 
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jftoketed generator^ as embodied In the Moore 
ejstem> ipraereby it is claimed that the steam 
required to produce from 80 to 90 Ibe. of am- | 
idoQium Bulphato from a tou of coal need not 
exceed the weight of fuel gasified, the resulting 
gaa containing COjsalOO, CO —20*0, H=200, 
CH4=®3*0, and N~47'0 p.c. (vide Iron and : 
Coal Trades Review, February 21, 1913); 
and (2) the Lyran syBtom. in whicii the 
plant has been entirely ro-modelled with a 
view to rodneing its capital rost (t’ldc the 
writer's book on (V>al and its ScientiHo Uhim, 
pp. 300-370). 

. Blast furnace gas Within recent years the 

f iroblem of better «1 dising the waste gasm 
rom iron blast-furnaces as a source of power ‘ 
has assumed great mduRtnai iin}X)rtance. A ' 
furnace smelting an average grade of ore, with 
coke as fuel, will yield per ton of iron produced 
about 185,700 cub, feet of gas at 15*^ and 
760 mm. containing approximately lO'O (M),, 
30*0 CO (this may include from 0J> to 1*0 H) 
and 58*0 N, of calorific value approximately 
96-100 B.Th.Us, per cub. ft. For a furnace 
with an output of 1000 tons of ]>ig iron per 
week, the produ<‘.tion of gas will average 1114 
million cub. ft. per hour, the potential energy 
of which is rather mom than naif that of tlie i 
coke charged into the furnace. Cntii the year ! 
1837, when the French ironmaster Dufaur j 
drew attention to the rnatU^r, this immense ' 
amount of energy waa entindy wasted. The ' 
classical investigations of Kim.sen at Verkerhs^ten 
in 1838, and of HuiLsen and IMayfair at Alfroton 
in Derbyshire in 1841-5 (Brit Assoc. Reports, 
1846 ; reprinted, 15M)3, by the Iron and Steel 
Inst.), finally led to the utilisation of the gases 
for (1) heating the blast for the furnace, and 
(2) boiler firing. Special ‘ hot-blast ’ stoves, 
on the regenerative principle, w(;ro designed 
to effec’t the first purpose by E. A. (’owpor and 
by Thomas Whitwell m 1805, whilst for steam 
raising the gas was burnt in a lirc-brick-linod 
oombustion chamber attached to a Lancashire 
boiler. In this way about 40 p.c. of the gaa 
wa« utilised for heating the bloat, another 
10 p.o. would be lost at the bell, leaving 50 p.c. 
to bo used to raise steam for driving the blowing 
engines, the furnace hoists, and other mechanical 
appliances in connection with the plant. But 
tn^ combined eflicicncy of boiler plus steam 
engine was always very low; thus in 1902 it 
was estimated by a Cleveland engineer that with 
the beet type of water-tube boiler only about 
64 p.o. of the heat developed by the combustion 
of the gas is actually transmitted to the water, 
and that the combined efficiency of boiler and 
Wowi^ engine was somewhat less than 7 p.c. 
All this has been changed by the rapid develop¬ 
ment of the large gas engine during 189^1906, 
which has increased the efficiency of power 
production from blast furnace gas something 
between three- and fourfold as compared with 
the old steam plants. Gas engines developing 
up to 2000 b.n.p. per unit mvo now been 
in most of the German and many 
British and American ironworks, realuiing in 
•otoai practice a thermal efficiency of conversion 
J||l“^b.b.p.’ of 26 p.c., and of * gas—e.h.p.’ 
« 20-22 p.c. As an illustration of what ^is 
bmproved practice implies, the following fignree 
be quoted for a plant of five fumai^ 


unelting 6000 tom of iron per week &om 
oaloined CJleveiand ironstone; the hourly pro¬ 
duction of gas is 6,500,000 cub. ft., of which 
not more than 1.100,000 would be required lor 
generating the blast in a gas-driven blowing 
engine, another 1,650,000 for heating the 
blast, leaving a surplus of about 2,7M,000 
cub. ft. for employment in the steel works (heat 
and power). 

Indeed the time has now arrived when, #ith 
a proper concentration and arrangement of the 
various producing units (by-product coke ovem, 
blast furnaow, gas-powor linuso, stool furnaces, 
soaking pits, and electrically-driven rolling 
mills), niul utilising to the best advantage afi 
the surplus coke-oven and blast-fumaoe gases, 
ironstone may bo brought in at one end of the 
plant and finished stwd sections turned out at 
the other, with no more expenditure of fuel 
than the amount of coal that is required, to 
make sufficient eoko to smelt the ironstone in 
the blast furnace {vide T. 0. Hutchinson, 
•Tour. Imn and Steel Inst. 1913, ii. 110; and 
W. A. Bono’s M’oal ami its Scientific Uses,’ 
pp. 409-421). 

The gas, as it loaves the furnace at a 
temperature of 300° or thonuibouts, is heavily 
charged with dust, winch must be reduced by 
washing L) infinitesimal proportions befora 
it is lit for delivery to the engines. The 
cleaning of the gas is usually accomplished 
m two or tliroe stages, namely : (1) * dry clean- 
>•^8 ’ (by moans of any ordinary t 3 rpe of dust 
catcher), which may reduce the dust down to 
betwoea 2 and 8 grams per cub. metre; (2) 
preliminary water washing {e.g. in the Blan 
washer, consisting of a cylindrical steel chamber 
along the axis of wliich there slowly revolves a 
horizontal shaft carrying a series of cinmlai' 
discs 0 ^ thick wirowork with a coarse mesh, 
the lower half of which is submerged in water; 
the dusty gas is jiartly elcanod by passing 
through the films of water lietweon the vrire 
m^hes); this may reduce the dust down to b*5 
gram j>or cub. metro ; and (3) a final cleaning in 
some form of centrifugal apparatus in which the 
gaa is violently churned up with a fine spray 
or stream of water {e.g. the Theisen wasner). 
Most frequently the cleaning is carried out by the 
combination of processes (1) and (3) only. In 
any case, the dustin the gas should bo reduced 
down to about 0*01 gram per cub. metre, and 
the temperature to 18®-20 , before delivery to 
the engine. The power expended in cleaning 
the gas to this degrae amounts to between 6 and 
6 p.o. of that generated by its explosion in the 
engine cylinder. 

Procesaes of dry-cleaning {e.g. the Beth- 
Halberg system, in which the gas is filtered 
through a special fabric) have been successfiilly 
developed within recent yeare; but probably 
the b^«8olution oUthe cleaning problem li« 
in some electrostatic system whereby the whdb 
of the dust can be successfully eliminated with 
a minimum expenditure of enwgy and without 
using watea or sensibly cooling the gas. A 
description of the T>od^ Electrostatic Prooess 
for gas-oleaning as recently installed at Skin* 
ninnove Ironworks is ^votl in a papmr by 
A. Hutchinson and E. Buiy, in Joum. Iron k 
Steel inst. oii. (1920), p. 65. 

Water gai. The need of a cheap gaaeons 
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fuel of High calorinc intensity for certain I nocoasarily be constructed of refractoy material 
industrial purposefl {c.g. steel welding) has led | of low oonductivity. As such procedure woc^ 
to the utilisation of tin* well-known endothermic I certainly be very uneconomic^, all idea of it 
interaction of Htrum and incandosr-ent carbon at i has been abandoned in favour of an intermittent 
high temperatures. For such a process to be ; process, in which a bcal of fuel (usually coke) is 
continuous, iicat. would Jmvo to bo transmitted | alternately blown with (I) air, until the mass 
from an ex^^riial source l.hrough the walls of ' attains a sulHcicntly higli temperature, and (2) 
the reaction chainb(;r or retort, which would i witli steam, so long as tlio high temperature 
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interaction ran proceed with¬ 

out unduo occuiTCiU'c of the low tenn»oraturo 
interaction C | 2 HJ)r=H’ 02 + 2 IIg 

'-.ho use of wat(‘r gjvs was first introduced in 
the United States about tlie year 1875. as tlio 
roeult of the pionwrmg efforts of J. S. 0. Lowe, 
but it was not untd IHSH that the British Water 
Gas Syndicate installed the firet ])lant in Groat 
Britain at the LmhIh Forge. This plant embodied 
the now obsolete idea of, during tlic ‘ air blow,’ 
manufacturing a low grade ‘producer gas’ (a 
mixture of GO, and N, in which 00 was 
the pixHlominating carbon constituent) for 
fi^aco purj^oses by blowing a thick fuel bed 
with an air bloat at moderate pn-ssurt'. Tliia 
oneration was alternated with tlic usual ‘ steam 
blow ’ for the production of ‘ water gas.’ The 
* air blow ’ occupic'd 10 minutes, and the ‘ steam- 
blow ’ only 4 minutes, and each ton of gn« coke 
yielded almut 34, (XK) cub. ft. of ‘ water gas,’ and 
about 140,000 cub. ft. of ‘ producer gas,' some 
25 p.c. only of tho carbon in the fuel appearing 
in the ‘ water gas.’ 

Some ttm years later the process was much 
improved by Dellwik and Ffeisclier, who pro¬ 
posed, during the air blow, to heat up a com¬ 
paratively tliin l>ed of fuel as rapidly as possible 
by moans of a blast supplied in such quantity 
as to bum the carbon as coinpletely as 
possible to tho dioxide. In the DellwiK-Fleischer 
astern (Figs. 13 and 14), tho generator is 
of oylin<lrical section with a fire-briek lining 
encai^ in a stool shell. The fuel lied rests on a 
flat bar grate on a level with which are clinkering 
bars, and below which arc doom for the removS 
of ashes. The air blast always en^rs the fuel 
bod from below through a valve, and tho 
products of the ‘ air blow' leave the generator 
by tho wntral stack valve, through wliich also 
the futil is charged from a Small hemper wiq^gon. 
During the * st^m blows * Ruperneated steam 
from abc^or working at a pressure of 150-160 lbs. 


^ per sq. in. is blown Uirough the incandescent 
fuel bed in eiilu^r an upward or a downward 
I (hrection, the direction being rovemed in each 
I succosHivc blow. Accordingly, there m one 
j ‘ water-gas ’ outlet at tlie toj) of the generator, 
I and another below the grate, each provided with 
la valve leading to tho annular ‘superheater,’ 

! which scrviw to effect a heat exchange between 
1 t he outgoing hot gas and the incoming steam 
j blast., thus superlieaiing the latter. At the 



bottom of tlie * superheater ’ is a water seal 
through which the gas passes onwards to a 
coke scrubber, where it is cooleil and cleaned 
I from dust by meaqs of a water spray; from 
thence the cold gas passes into a holder. The 
various valves of tho generator aro operated bjy 
an interlocking gear which makes it impofsi]^ 
for the operator to make a mistake or get an 
explosive mixture in any part of the plant A 
set of water gauges had a test flame on the 














operating platform indioato Uie woridag condl- 
tiona i& the generator at any moment and also 


lae quauiy oi I'O.o gas aurmg Triia sieam oiow. 
Towards the end o? the ‘ steam blow,’ when the 
temperature of the fuel has fallen below the 
point at which the low temporaturo interaction 
C4-2Hj0^=iC02 + 2Ua comes seriously into play, 
the steam and gas valves are shut oft, tlie stack 
and air valves being Himultancously opened, 
for the commencement of the ‘ aiv blow.' Kach 
* air blow’ lasts about I miuuU% and the 
subsequent ‘ steam blow ’ about 4 mmutes. 
With an average quality of gas coko tlic plant 
will produce about 32 cub. ft. at 0" and 7(>0 mm. 
of water gas per lb. of carbon charged into tluj 
generator, wlium moans that as nearly as possible 


is introduced from boJow each fire. The hot 
ptoducta (C0„ CO. and N), on leaving the top 



fiUed with fire-brick chequer work and divided 
vertically into two chainbett or compartments Iw 
a central fire-brick wall. As the hot producw 
enter in parallel streams at the base of one or othfff 
of the two chambers, they meet a secondary air 
1 supply sufficient to burn completely all the CO 
t which they may contain. The chequer work in the 
chambers absorbs part of the boat of the burnt 
gases which eventually make their exit into the 
outer atmosphere through tlio stack valve D at 
the top of the double regenerator. As soon as 
the fires in t.he two generators have attained 
the ncct!«8ary lugh tonipcrature, the air and 
: slack valves are shut, and the steam vajve 
j Himultancously opemed. 'I’lie steam, entering 
I the base of the first generator, traverses the 
i lire contaiued therein in an upward direction. 



The products (COh, CO, H, and some undecsem* 
posed steam) passing out at the top travene 
in a direction the two chambers of 
the ‘ aouble rwenerator,* after which they 
enter, in a highly ’ superheated ’ condiUon, 
the top of tlio second generator, through ■ 
which they pass in a downward direction. 4n 


60 p.c.^of^the carbon is converted into water gas. 
The averagejeomposition of the gaa k 4‘0 COj, 
^•0 CO, 49 0 H, 0*6 CH,, and 3-5 p.c. N, and 
its calorific value about 320 gross and 290 net 
B.Th-Us. per oub. ft. at 0° and 760 mm. The 
ratio of the net calorific value of the gas to that 
of the coke charged into the generator is about 
000 . 

Another system of water-gas making is that 
embodied in the Kramers and Aarts patents 
(the ‘ K and A ’ system), according to which 
two generators, a and b (Figs. 15, 16, and 17), 
connected through a double ‘ r^enerator,’ c, 
are operated in parallel during the ‘ air blow ’ 
mid in series duri^ the * steam blow,’ somewhat 
06 follows:— 

During the ' aii blow ihe fires {6-6 feet in 
ihiokQess) in both legeneratoxs are simultane' 
onoly Uown in parallel by a powerful blast, wh(ph 


of highly incandescent carbon, tJie temperature 
of which has not been sensibly lowered by 
the main endothermic steam-carbon infr¬ 
action, which principally occurs in the first 
of the two generators. In altomato ' steam 
blows,’ the direction of the steam and gases is 
reversed, in order to ensure tho maximum of 
uniformity in tho working conditions. The 
plant i| operated by moans of an interlocking 
valve gear, whicbP prevents muitakes on the 
of the workman. The hot gas produced 
passes from the bottom of the second generator 
upwards first of all through the annular * st^m 
superheatir’ e (Fig. 17), wheifeby part of it* 
sensible beat is transmitted to the in going steam 
blast, and then through a coke scrubl^r, where it 
is clean^ and cooled oy a downward water spray. 
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6 mlnutoH. The yioltl of gm, from an average | 
gM coko>» nearly 38 cub. ft., at U'^ and 700 mm., I 
per lb. of earlxui ciiarged into the generator, j 
about 60 p.c. of winch apj>oars in the ‘ water ' 



Sectional Plan. 


Fia. 17. ♦ 

gae.' The composition of the gas is 3'78 COa, 
43*70 CO, 45*1 H, 0*5 OH*, and 0*96 N, ita 
oalorifio value beii^ about 310 gross hnd 288 net 
per oaK ft. at 0® ana 760 mm. The 
of the net oaloriho value of the water gas to 


that of the coke charged into the generators k 
about 0*70. 

With coke at Vis. per ton, the pre-war cost 
of making ‘ blue water gas,’ including fuel, 
wages, intertiHt, and depreciation, was about 
4(1. per 1000 cub. ft., which waa equivalent to 
•coal gaa at aixmt Hd. per 1000 (^ub. ft. I'ost-war 
coats cannot well be estimated until prices of 
coal and labour are nion? stabilised, but they are 
now {1021) probably nol less than 3 to 4 times 
the pre-war figure. 

The most important indu.stnal application of 
waf-or giw is luidoubtedly steel-plate welding, 
and a large industry has grown up, ospt'cialfy 
in (lermany, for tlie rnanufaot.ure of welded st-ool 
tubes of larg(‘ dimension.s. The overlapping joint 
(-0 be welded is lieated siniultaneously from both 
sjdoB by special burnera (t'ig, 18) fed with both 



Fig. 18. 


water ga.s and air under jiressure, which on 
mingling ])rodii<-e aerated flames of great heating 
power. As soon as the joint attains the proper 
H’elding heat, it is quickly passed through 
special rolls which bring about a 2 >erfdit weld. 

Water gas is also used for mixing with 
ordinary town coal gas, but for this purpose it 
usually lii'st of all undergoes a prcHiess of 
‘ carburotting.’ (For the production of ‘ Oar- 
Imretted Water gas,’ sec CIas, Coal: also Gas, 
Wateu.) 

The combustion of gaseous fuels. The 
following table, relating to the various forms 
of gaseous fuels described in this article, may 
bo found useful'for coniparativo purposes ; the 
figures for calorific valuer are approximate only i 


Ona 

11° s 
g .sa 

^H.C-0 

•gw S cs 
ie 

Vol. air required 
to bum 1 vol. 
of gas 

+-56 

l|«« 

.l8-§ 

gsSg 

||5 

III. 

-SSS 

> 

Blast-furnace 
gas . 

100 

0-715 

1-715 

1-665 

Producer gas 

150 

1*216 

1480 

1-357 

Water gas . 

200 

2-200 

1-100 

0-963 

Coal gas 

590 

5*440 

1-100 

1-060 







For information as to the present state of 
science in gaseous combustion, see article on 
Flame (this voL p. 206) and also reports by W. 
A. Bone to tlie British Assodation, Shemeld, 
1910 and 1915. Attentimk is drawn to 
the recent revival of the subject of 'suziaM 
oombostion ’ by W. A. Bone aim 0.1). MoOourt 
(vide Proo. Roy. Institution xxi. Ka 108(18l7)t 
p]|. 41'<62 ; and fiowaid Lactwes, Boy. Boo. 
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Arts, 1914) wlieroby numerous economies in the j 
industrial application of gaseous fuels (including ! 
steam nusing by means of blast furnace uas, ^ 
producer gas, or surplus gas from by-proauct j 
coking plants) may be r^lised, Duni^ the i 
war^o ‘Bonecourt’ system was sucoessfullv l 
developed for iaigo gas-firod boilers (with 
^Huperneat’) for ]>ower stations, and it has 
also been extciwivciy applied to iutlustnal 
furnaces in America. Also, their method of 
‘ diaphragm heating ’ by ra<liation has recently 
been successfully applied in the manufacture of 
confectionery, etc. W. A. B. ' 

FUKUGi. The Japiuiese dyostuif fukugl , 
(botanical origin unknown) has, at least until [ 
recently, been oni]>loyod to a tioiisiclcrable • 
extent as a mordant dyestuff in Japan. H con- , 
sists of the wood of a tree, winch, when ground, [ 
forms an almcwt colotirlces powder, the extract 
of which is sold in tlio form of brittle rectangular : 
cakes of a yellowish-brown colour. 

Fuku^eiin OitlliaOs, the colouring matter, | 
forms minute canary-yellow prismatic ncodlos,; 
molting at 288'^"290" (I’crkin and Phipiis, (’lumi. 
Soc. Trans. HK)4, 85, 58). It <iissolvcs in alkaline 
solutions with a yidlow colour and gives with 
alcoholic load acetat<^ an orange-yellow pre¬ 
cipitate, and with alcoholic ferric chloride a 
brown-black coloration. 

Crystalline acotyl and benzoyl derivatives of 
this colouring matter could not be obtained, but 
the^>ro 7 »mc cortipomul C\ 7 H,o 04 Br 2 , minute fiat 
noodles, m.p. 280", is readily prepared by the 
action of bromine on fukugotin in the presentee 
of acetic acid. 

Fukugetin dy<^s mdidilnled fabrii^s shades 
which aro^most identical with those given by 
lutoolin: 

Chromium Aluminium Tin Iron 

Bull orange- Orange-yellow Bright yellow Olivo-brown 

yellow 

and resembles this colouring matter in that its 
alkaline solution is not oxidised on exposure to 
air. Bv fusion with alkali, fukugetin gives 
phloroglucincl and prolocatechuic acid. 

The dyeing properties of ‘ fukugi ’ are 
analogous to those oi weld. The similarity in 
shade, indeed, is so marked that, except in point 
of strength—^for fukugi is a stronger dve than 
weld—it is impossible to distinguish betwoon 
them. A. G. P. 

FULLER’S EARTH. (Pr. Tene d fouUni\ 
Got. WaXkerde.) A term applied to a variety of 
clay-like materials which pc^sess in common the 
property of absorbing grease and oil, and hence 
are used by fullers for cleimsing woollen goods. 
They vary in colour with dull slices of grey, 

' yellowish, bluish, or greenish, and are soft, with 
an earthy ’ appearance. They are greasy and 
unctuous to the toucb,^and do not adhere to 
the tongue. When a lump of the dried earth 
is placed in water, it presents a very curious 
appearance as it crumbles down to a fine 
powder; and » not plastic like ordinary clays. 
Mineralogically th^ appear to bo mixtures; some 
approximate to kaoiinite (Ait 0 ,' 2 Si 0 |, 2 H 20 ) in 
composition, and many may be referred to the 
’ smectite ’ of A. Breitljaapt (1S41), a greenish- 
grey clay fcrom CUly in Styria. A microscopical 
examinatloin of Elfish fuller’s earth, made by 
Q. P. Merritt (l%e Koa-metallio Hinends, 1904), 
sboired tihe pifeneo of oolouriess and greenfsb* 


yellow partiolos with v«ry feeble birefringenoe,. 
ranging from 0-002 to 0*07 mm. in diametw: 
very little quartz could bo detected, although the 
iimenoe of frw silica is suggested by the anuyses. 
The chemical composition varies widely, and 
is, in fact, no guiae to the commercial value 
of the material, wUoh depends rather on the 
physical st-ato of aggregation. 8p.gr. 1*75-2*6. 

'I’ho following analyses are of: I, smeoUte 
from OiUy, Styria (Jordan, 1849); if, bluish- 
grey fuller’s earth from Nutficld, Surrey (P. G. 
Sanford, Geol. Mag. 1889, 45«, 529), on material 
dried at 100" with a h)s8 of 27*47 p.o. water’? 
13*33 p.o. of all the solid constituents oxoej^t 
silica, are soluble in atud ; 111, yellowish fuller s 
earth from Nutfiold, Surrey (P. G. Sanford, 1889), 
on material dried at 100" with loss of 29*50 p.o. 
water; 1073 p.c. solids, soluble in acid; IV, 
from J*’airborn, South Dakota; V, from south¬ 
east of River Junction, Florida; VI, from 
Decatur (Jo., Georgia (anal. IV'-VC by E, J. 
Riedcrer, (juoted by He Rios, 17th Ann. Rep. 
U.S. Geol. Survey, 1890, iii. 880). 


SlO> 

AhO, 

Fe^Oj 

CaO 

MgO 

KtO 

NaaO 

NaCl 

FtOr. 

803 


X. 

11. 

lit. 

IV. 

51*21 

02 81 

59-37 

58-7*2 

12*2.'» 

6 92 

11-82 

16-90 

2-07 

3-78 

6-27 

4*00 

2*13 

7*40 

6-17 

4*06 

4*80 

2*27 

2 09 

2-.56 


0*74 

0*84/ 
— < 

2*11 


0*06 

0-14 

— 


0-27 

014 

— 

, 

0*0.'> 

0-07 

.. 

'-^^27-89 

^15*57 

13-19 

8*10 

2*30 

100*44 

99*80 

100* 10 

98-75 


V. 

50*70 

21*07 

0*88 

4-40 

0-30 


O'OO 

7 * 00 , 


VI. 

07-40 

10*08 

2*40 

3-14 

4*09 


f>‘6l 

8*28 


Fuiier's earth occura os bods in sedimentaiy 
rocks belonging to various geological periods, 
ranging from the Silurian to the Eocene. The 
most important deposit in England is a bed 
8-12 feet in thickness, lying between sandstones 
in tho Lower Greensand division of the Cretaceous 
system. This is worked in c^n pits at Nutfiold 
and Rodhill in Surrey. Nearer the surface, 
where oxidised, it is yellowish, but lower down it 
is bluish in colour. In Bomersetshire, Glouoes-^ 
tershire, and Dorsetshire, the * fuller’s earth 
formation ’ of geologists, lying between the 
limestones of the Great Oolitic and the Inferior 
Oolite, consists of a thick depoiit of clays and 
marls, with bods 2-3 feet in thickness of f uttar’s 
earth of good quality. This was formerly 
extensively worked for use in the cloth mitts of 
the west of England, but now is obtained only on 
the Downs to the south of Bath. Stitt smaller 
quantities are yielded by the Lower Greensand 
strata near Woburn in Bedfordshire. 

For many years tho English fuller’s earth 
was considered, tho best, and until recently 
large quantities were exjmrtod to AmeriosN 
Deposits have now boon opened up at several 
places iq the United States, chiefly in Florida, 
and to a lesser extent in Georgia, Alabama^ 
Arkansas, and California. In Gadsden Co., 
Florida, it oooura as a bed 4—12 feet in thicknese 
in bedded xlays and sandy clays of Oligocene 
(Tertiary) age. Small outputs are alio 
repoi^ed from India and Australia (WiBgw, 
New South Wales). 

The En^h output amounts, to about 
15,000 tons per annum, whilst doable Hkis 
quMitity is now obtained in Amerioa. Tibi 
price at the pits ranges from 25*. to 2L per 
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ton. TUo oaHh an w dried, cruuhod, and 
paMcd through lino Bievon of ailk or bronze 
guuxo. 

Although Htill uHcd for cloaning clotlis, 
Kcouriiig yanw, and waKhing woollens and finc- 
dyod goods, fiillors earth now finds a more 
oxUinsive uh(» in the relining of oils,^ grease, 
and Jard. Mineral oils arc decolorised and 
claritiod by allowint* Ihe oil to ])(*rcnlate through 
long cylinders filhsl with coarser fuller’s (^arth. 
Vegetable oils, siudi as eott'On-seed oil, are 
warmod, stirrHl with f> 10 p.c. earth, and 
filtered through hags. 'I’lu; main pomls to be 
detcnninwl in the valuation of the earth in the 
oil industry mi- (he rolativ(' bleaching jiower 
and the ([uantity of oil abscji-lK'd. For a 
mothoil of Uihting fullers earth for these factors, 
»€■€. Uichert, .1.1ml. ami Kng ('lieni. 1017, 0, 500 ; 
Analyst, 1017, 040. Fullers earth iias also 
been used m the imiuutaeturo of jugments for 
printing wall pajnTs. .Small quantities of the j 
iiiiodt grades ari' usiul fir toilet, jireparations. 

liejercnccs. -.i. J’orter. Fro{>orti(‘H and 
Tests of Fuller’s Karlh. U.S. (Jeol. Survey, lUill 
315, 1007; H. Kies. (lays, their (teeuin'me. 
Kr(n>eiiies, uml I'ses, 2n(l ed., New Vmk, lOOS ; 
(‘. L, l‘arsons, F.S. Fun'au of Mini's, Hull 71, 
1013. Fuller’s Karlh, Jinji. Min. Hes. Kur. 
London 1920. L. •!. S. 

FULMARGEN. A form of e„Uoi.l siUer. 
FULMINIC ACID (tier. Kudll-alm) CiNOH 
'Phe ac.iil has md been obtained in a free state* 
SchoUedn (J. pr. (')iein. [2| 32, 401) e>btaincd an 
othore'al solution of the aeid by treating sodium 
fulminate with dilute Hulpliuric acid, keeping the 
mixture coed ami dissolving ihe yellow oil thus 
obtained in etlier. Wielancl and Hess (Her. j 
1009, 1340) have confirmed thus statement, and i 
found that the acid rapidly nolymensed to nietiu- j 
fulininuric neid (r. infra). HowunI first showed 
that when silver nitrate or mereurie nitrate 
was tn‘ated with alcohol and excess of nitiie 
acid, a • crystalline, didonating proeqiliate, 
fulminating silver or fulminating mereiirv, was 
obtained. Analyses of tlu'so sulwtanees (Liebig. 
'Ann. Chim. (21*24, 29S; Annaleii, 24. 540; 
(lav-Lussae, Ann. ('him. |2! 25. 285; Divers 
and Kawakitu, (fhom Soc. Trans. 1884, 17) 
show that they are salts of an acid possessing 
the formula HONO. The constitution of this 
aojd hiu) given rise to much discussion. Kcn&elius 
wrote fulminating silver as 

• Ag, 0 *{AgN)/ 04 N ,03 

This formula accounted for the fact that in 
many of its reactions only half of the metal is 
separated, also that the double fulminat{» of 
uotassium and silver detonates as violently as 
fulminating silver itself, the detonation Ixung 
attributed to the decomposition of the compound 
AgN. I^auront and (Jeniardt next proposed the 
constitution OjN(NO,)Ag,,,assigning the oxplo- 
wive nature of the Imdy to the presence of a 
nitro group, and the sulMoqueiit exporimeuU of 
Kokure (Annalen, 101 , 2 iH); 105, 279) and 
Schisohkoff {ibid. 101,213) apparentlj^' confirmed 
this view. 

I^ater Kekul 6 formulatod fulininie aeid as 
nitroacetonitriio CHdNOajCN. He based this 

^ The Bslecttve abiiori«tioB of fuller’sVsrth is greater 
fur oils ut higher an.gr. audi vtsooatty and for uusatmated 
hydrocarbona and sulplinr oompounds (J. £. Gilpin and 
0. fi. Xtoanak)’, Amer. Cbem. f. IMIO, 44, 251). 


formula chiefly on two reactions which fulminic 
acid undergoes. When mercuric fulminate is 
treated with sulphuretted hydrogen, ammonium 
thiocyanaU' is produced, and with aqueous 
hydrochloric aei(l, Jiydroxylamine is the main 
product. The production of ammonium thio* 
eyanatt^ suggests that in fulminic acid there is 
a (CN) group, and that the two nitrogen atoms 
are in dilTercnt staU« of <;ombination, which 
facts fit in with the formula proposed. But of 
the two nitrogen atoms only one is represented 
as oxidised and capable of conversion into 
hydroxylamino, whereas Divers and Kawakita 
(t’hem.LSoc. 'Prans. 1884, 10) have shown that 
l)oth atoms of nitrogim arc so convertible. 
SidiisclikoO (Hull. Soc. chim. 1800, 294) doubled 
Kekule's formula. Steiner proposed 
HUN :(’.:C:N*UH 

as the coin'd coiiOguratioii (Her. 1870, 779); 
and Scholl formulated fulminic acid as glyoxime 
(.'H:N() 
peroxide | | 

(JH:N-0 

In 1894 Ncf bpund that on treating sodium 
iiitrometliane with mercuric clilonde, mercuric 
fulmiiuite was produced, and, moreover, that 
.soihuni mtromcilianc, on treatment with aqueous 
hydrochUinc acid, decomposed into formic acid 
and hydroxylamino, as does fulmiuie aeid 
(<’. supra). On thi«e grounds Ncf formulated 
i fulminii! acid as carbonyl monoxime C : NOH, 
and ro[)rosenU‘d the jiroduction of mercuric 
fulminate from nitromclhanc as follows :— 

Alkali - HbCIj 

CH 3 NO, -» CH.j:N(TONa (('li.,:NO ()) 2 Hg 
Pseudo-iaodlflcatioii. ♦iistable, 

—ri.o 

(C:NO),Hg 

The exj)l(wivc character of tlic fulminates is 
acAiounted for by the prweneo of bivalent 
carbon in tlie molecule. It wiw an old observa¬ 
tion, tirat noticed by Liebig, that when mercuric 
fulminate wiw treated with hydrochloric acid 
of a certain strength, jirussic acid was evolved, 
and this fact was long used to support the nitre- 
acoUimtrile formula for fulmiuie acid. But Nef 
showed that the coinjiound formed was not 
prussic acid, but chloroformoxime, a compound 
possessing an odour similar to that of prussic 
acid. 

C : N0Na+2HCl=0H(n ; NOH+NaOl 

Uydrochlorio acid converts chloroformoxime 
into hydroxylamine hydrochloride; sodium 
hydroxide regenerates a fulminate (Nof, Aniuden, 
280, 203, <i 8vq.). Moreover, nitroacetonitriio 
has been prepared by removing the elements of 
water from methazonic acid and is 

found to have none of the characteristic pro- 
iH^'rtiee of fulminic acid (Steinkopf and Bohi> 
monn, J. pr. Chem. 1910, [ii.] 81, 97, 193; Ber. 
1908, 1044). Scholl {ibid. 1899, 3492) applied 
Friedel and Grit’s reaction to fulminic acid, and 
found that on gently warming mercuric ful¬ 
minate with benzene, aluminium, and aluminium 
chloride, benzaldoxime is produced, a further 
confirmation of Nefs oarlmnyloxime formula. 
Angelico (Chem. 35ontr. 1901, *ii. 404) obtained 
fulmnic acid by treatii^ a 8 <^Btion of mercuiu^ 
nitrate in excess of dmtte nitric acid vrith 
ponoentratod solution malonic acid and a few 
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dropB of sodium nitrite eolution. The courao of j 
the reaction is as follows :— 

CHj(COOH)a C : NOfl(OOOH)3 
MoNitrosomaioaic sold. 

->C(: NOOH)(C(K>H),->CH{: NOOH){tX)OH) 
woNitromalonio acid. isoNltroaoetic add. 

CHj: NOOH C : NOH 

iioNltromethaiio. 

Wieland aiid Semper (Bor. UKX), 2522) have 
shown that j)henylmethylnitrolio acid reatldy 
docuiupoHOK into nitrous acid and the unstable 
benzonitrilo oxide. 

-> HN0,+(',H, C:N : O 

Heiiee, if a similar deooinpoHition occurs in 
the ease of methyl nitrolic acid, th(! liithcrto 
unknown nitnie oxide liC • N ; O or the jiroducts 
of its decomposition would lx* obtainc^d. Wie- ! 
land (/.c.) has sliown tliat the products of th<‘ 
decomposition of nu't hylmtrolic acid are 
fulminie acid, foiinic acid, and hydroxylaimiic, 
the dccompositi<ui bcin;; analogous to tliat of j 
chioroformoxime. The imsiabh* nitrih; oxkIc ih 
probably formeil lii-st and then undergoes an 
isomeric change into fulitiinu' acul. 

Wohler (Bor. 11K)5. I‘tr>!) li.as determined | 
the molecular weight of fulmiriK' acid by means j 
of the sodium salt, whi<-li t:an be jnepared in a I 
purti anhydrous state by the action of sodium i 
amalgam on mercury fulminate suspended in ^ 
alcohol. The numbers obtairicil by the eryo- 
soopic meth(»d and by determining tln! equivalent 
conductivituis of dilute solutions correspond 
closely with the numbers rtMjuircd for the mono- 
molceular formula (J : NONa. 

In the ordinary method of jireparing fulrniu* 
atos by oxidation of ethyl alcohol, the 
following oliangus are supposed to occur (Wie- 
hmd, Ber. ltH>7, 418):— 

CH3 CH. OH CH^niO “» CH( :N()H) (m<) 
Aldcliytlo ueMitrusoacetalddhyde. 
-»CH( :NOir)‘COOH -^Nt)./C(: NOH) COOH 
MoNitrosoacctic acicl. uoXitrosonltroacetlc acid. 

.N()H)H -> 0:N()H 

Motliyhiitrolic add. 

The experimental evidonco in favour of the 
above hypothesis is as follows : Wieland and 
Thoodorovits (Ber. 1905, 1345) found aldehyde 
to be a more suitable agent than alcohol for the 
preparation of fulminates, the fonnation of 
mcthylnitrolic acid from tsonitrosoacetic acid has 
been accomplished by Ponzio (Chem, Soc. Abstr. 
1903, i. 453), Wieland has prepared mercuric 
fulminate from mcthylnitrolic acid {v. supra) ; 
and lastly by treating fulminie acid with nitrous 
acid, Palazzo ((/hem. Soc. Abstr. 1907, i. 489) has 
obtained methylnitrolic acid as one of tlie 
products of the reaction. 

The older view of Kekul6 as to the constitu¬ 
tion of fulminie acid has now been filially 
abandoned, and the carbonyl oxime formula of 
Nef has taken its place. 

Hodgkinson (J. Soc. Chem. Ind. 1918, 37, 
190, T) has pointed out that mercury fulminate 
cannot be formed in the absence of nitrous acid 
or a mixture- of nitric oxide and nitrogen 
|»toxide; he, therefore, represents the forma¬ 
tion and constitution of fulminie acid by the 
equation: 

CH, 0 : Nv CH : N. 

I + >0« I >0+2H.0 

HO CH* 0:N^ HO C^N^ . 


Merooiio fiUmimUe or falnUnatlng mveury 

(C:NO},Hg. To prepare this substance on a smaU 
soaio, 3 parts of mercury are dissolved in 36 
parts nitric acid of sp.gr. 1*34, without warming. 
The solution is then pourod into a flask capable 
of containing 18 times the quantity, in wifich 
there lias been placed 17 parts alconol of from 
99-92 volumes p.e. The liquids are weU 
mixed, pourotl back into the first vessel, which 
is of the same size, shaken to absorb nitrous 
fumes, and the whole then allowed to staild. In 
a short tunc gas is given off and a highly TO* 
frueting luiuid soparat(« at the bottom of tlib 
fiusk. On shaking the flask to mix this liquid 
with the rest, the whole becomes black, metallic 
mercury separates, and a violent reaction takes 
place, which is modoratiwl by the gradual addi¬ 
tion of 17 parts of alcohol, (’rystals of mercuric 
(uliumato separate ou cooling (Liebig). 

l''or methods of production on the large 
scale, sre J'^XrLOSIVKS. 

Mi^rcuric fulminate itiay also bo produced by 
ii'^ing meivurio oxide for mercury in the above 
preparation ; by boiling silver fulminate with 
mercury and water, or by procipitating the zinc 
salt With mercuric cliloridc. Wohler and 
Thoodorovits (Bor. ItKlfi, 1345) state that 
mercuric fulminate is also forinod when mercuric 
nitrate m dilute nitric aiud is mixed with 
methylal, acetal, or ligiuuio obtained by the 
dry distillation of wood, but the acid must 
contain nitrous fumes. 

For ite preparation from oxiinino acetic acid, 
see. Wieland, Bor. 1910, 43, 33fi2. 

it cry8tallis(« from hot water in white or 
greyish silky needles of sp.gr. 4*42 ; its gravi- 
motrio density varies from 13 to 1*9, depending 
upon the size of the (;rystah ; its formula is 
((': N'OljHgjJHjO ; by carefully regulating the 
temjioraturo and the amount of alcohol, it can 
bo obtained anhydrous. It is nearly insoluble 
in cold water, but soluble in alcohol, pyridine, 
potassium cyanide, and, with docompoeition, 
in sodium or ammonium thiosulphate solution. 
Nicolardot and Boudot (Bull. Soc. chim. 1919, 
25, 119) employ the last-named aqueous solu-* 
tioitl in 5 p.c. strength to dissolve mercury 
fulminate for purposes of analysis, the impurities 
it commonly contains remaining uudissolved. 

When heated to 180° or when forcibly struck, 
mercuric fulminate detonates with great violence. 
The electric spark, or the spark from flint and 
steel, or contact with nitric or sulphuric acids 
also bring about explosive decomposition. 
Large crystals are more sensitive to impact than 
sm^l ones. When moist it may bo handled 
without danger, and when heatra to lOO® it 
does not explode if the crystals contain no 
enclosed mother liquor. The disruptive force 
of the explosion within a small space is greater 
than tliat of gunpowder, but too sudden for ite 
use in gifns. The pfcssurc exerted by the 
evolved in the decomposition of the fulminate 
is Ices than that caused by the explosion of 
an equal weight of guncotton, the greater action 
of the fonAer being attributed to the density 
of the compound and the great rapidity of 
the decomposition. Fulminate of mercury is 
used in thd manufacture of percussion caps and 
of the variohs detonators used f(» exploding 
guncotton, djrnamite, and other nHro;glyoerin 
compounds {v. Exflosivss) 
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Ooncenlratod hydiouMorio acid reacts with 1 preaenoe of eilvor nitrate. Great must 

- “ • ^ . ’ ' be exercised in the preparation of this substance. 

CapftciouH vosseUj muflt bo oscd, so that the 
hquid may not boil ovor, tw in that caae the salt 
might dry on the outaide and then explode j all 
flame must bo kept at a distance, lest the vapours 
Jf the acid be dilute and of a certain strength, i should take fire; and the mixture should be 


perfectly dry niorcurio fulminate to produce 
tormio acid and hydroxylamine hydrochloride. 
Thus: 

C: NOH -1 SH^O^H-OOOH+NHa'OH 


chlorofoniioxime is produced (v. supra). 


■ stirred with wooden rods, not with glass rods 


Moderately dilute sulphuric acid decomposes ; or other hard bodies. When dry it should be 
inorcunc fulminate without explosion; hot nitric i transferred on paper shovels, and kept in paper 
acid converts it into mercuric nitrate, acetic i or cardboard vessels, loosely covcriid, to prevent 
acid, and carbon dioxide. If sulphuretted hydro- oxploHiou from tlie friction of stoppers or lids. 

? cn bo passed tlirough etli(‘r in which motcurie Silver fulmmaio crystallises in white opaque 
ulminate is HUMpfmiled. aimnoniuni thiocyanate glistening needles, scarcely soluble in water, and 
is formed (v. supra); but' if the syetem is kept having a bitter nietallie taste. Given in certain 


free from moist ure, nitrotliioacetamide 
('ll,(N(>,)(tS-NlL 

is also proflueed, aud is deeoiiijjosed by a j 
further quantity (»f Hulpliuretted liydiifgen into 
aniinoniuin thiecyanate, o.\ali(’ acid, and sulphur 
( 8 toiuor, Bor. 1H74, 1244; 1875, 51K; 1870, 
770). Ifoated with atiueous aininonia, iiuircunc 
fulminate yields urea, guanidine, aud eoinphfX 
nitrogenouH HulwiancoN ; with alcoholic atninonia 
fulminuric acid is the luaiii jirodiu't (tSiemer). 

Totasli, lime, and .strontia decompose mer¬ 
curic fulminate on boiling, with the sciparation 
of moreuric. oxide and the formation of double 
salts, which detonate on peroussion (liiebig). 

Finely divided zine, copper, or silver (the 
last in eontaot wit h platinum) disjihiee mercury 
from the fulininute, forming salts of zinc, copjier, 
or silver. (F(^r the action of mercuric fulminate 
on various metals and alloys wf Langhans, 
Zoitsch. ges. Khiess. u Sprengstoffen. 1021, 
10, 108.) Mi'rcune lulminaUi readily foriiiH 
double salts with ]»olas.siuin cyanide and potas¬ 
sium and ammonium thiocyanates (Steiner). 

Bromine reacts with mereunc fulminate to 
produce first of all the unstabh* atlditive com¬ 
pound (CBr,: N'()) 2 Hg, w'hich loses inercurio 
bromide, uiviiig the unstable bromoformonitrile 
TBr 

oxide II , two molecules of which polymerise 


/inr~CBr 

II ■ 


Chlorine 


to form dibromofuroxan 

^ N-O-N 

. reacts similarly, but the oxidising power of the 
halogen is so strong as to conqiletely destroy the 
molecule, with the evolution of carbon dioxide 
(Wieland, Ber. IWO, 4192). 

For the electrolytic estimation of mercury 
in mercury fulminate, Losanitech, Monatsh. 
1914, 36. ^07. 

silver fulminate, fnlminatinn silver 
' C: NOAg 

In preparing this substance I j>art silver is dis¬ 
solved in 20 parts nitric acid of sp.gr. 1*30 and 
2t parts of 86 p.c. spirit of wine a^^ed, and 
the whole gently hoa^ tSll it froths up. The 
liquid is then removed, and 27 parts or more of 
^irit added*tn order to moderate the action. 
Slver fulminate separates out ^n cooling 
(Liebig). 

Silver fulminate is not formed, as was stated 
by Liebig (Annalen, 5, 287), when nitre^on 
trioxlite » led into an alooholq^ solution of 
silver nitoato (Divers mid Kawakita, Chem. Soc. 
Trans. 1884, 27), and is only produced by the 
energetic oxidation of alcohm oy nitric acid in 


doses, it produce^! violent convulsions (Pagot-la- 
Foret), while in doses of 0'3 gram it acts aa a 
narcotic (Ittner). a 

Silver fulminate is an exceedingly ^nger- 
ous body, as it explodes mueli more violently 
than the mercury salt, by the action of heat, by 
the electric sjiark, by frictum or percussion, or 
by contact with oil of vitriol. It even explodes 
in tlio moist state, sometimes under water, by 
friction with a glass rod. It may be rubbed to 
})owder m a mortar with the finger or with a 
cork. The light accompanying the explosion, 
wliieli 18 best seen in the dark, is roddish-white 
with a tinge of blue (Liebig). When ignited 
under a pressure of about 2 or 3 mm., it bums 
slowly with a visible flame. If silver fulminate 
bo thrown into a bottle containing chlorine, it 
(leflagrates before it roaches the bottom, and 
iloes not fracture the bottle (E. Davy). Silver 
fulmmaio dissolves m hot aqueous ammonia, 
and the solution, on cooling, deposits crystalline 
grains of ammonium silver fulminate 
( 0 :N 03 )(NH 4 )Ag 

Tliis salt is sparingly soluble in water, and ex¬ 
plodes with much greater violence than the 
silver salt, even under liquid, when touched with 
a gloss rod (Liebig). Aqueous solutions of the 
hydroxides of the metals of the alkalis or alkaline 
earths, or of the sulphides or chlorides of the 
alkalis, yield similar double salts when boiled 
with silver fulminate. Copper or mercury can 
displace silver wholly or in part from silver ful¬ 
minate. Zinc, oven on boiling for several ^ys, 
displaces only half of the silver, forming silver- 
zinc fulminate. The normal zinc salt is pre¬ 
pared by the action of zinc on mercuric ful¬ 
minate. By acting on this salt with baryta 
water, and exactly precipitating the barium from 
the zinc baiium fulminate thus prcniuced with 
sulphuric acid, zinc liydrcgeu fulminate is ob¬ 
tained. By saturating this salt with metallic 
bases, many double salts of zinc fulminate are 
obtained. 

niutmhim fulminate Ca(CNO )2 is a white 
powder, stable when dry, but readily d€«om-> 
posed by water, in which it is very soluble. It 
& one of the most violent explosives, and is 
nearly as sensitive to shock and heat as mercury 
fulminate. Tkedhus fulminate becomes yoUow 
on exposure to light, and is the most susceptible 
of all known fulminates to shock and increased 
temperature, but the heat of detonation is not 
high, and its explosion is not violent. Caprous 
fi^inate is inscuuble in water, and is almost as 
violently explosive as oadmium folmisatci, 
althongb not so semutive to shook (L, Wdlilttr 
«nd Martin, Ber. 5^}. 
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Fulminio acid givcM rise to a series of p^^y* 
nerkation products. If mercuric fulmiuate is 
soiled Trith ammonium chloride, a salt of 
luliiimuric acid is formed, as was discovered by 
Liebig. When tlie ethereal solution of fulminio 
hcid is allowed to stand, mctafulminuric acid, a 
>riple polymer, is produced. When raetaful- > 
uinurio acid is wanned with water, it yields 
syanwonitrosoacetohydroxaniic acid, and the ' 
atter can be converted into the taofulnnnuric | 
tcid of Ehrenborg, the constitution of which is j 
dill unknown. Finally, on long standing 
netafolminuric acid changes into the )8-twful* 
siinuric acid of Scholvcin. 

FULMINURIC ACID -This com- 

Dound was diHcovored in(lei>endcntly by Liebig 
Annaien, 95, 282) and Solnschkoff {thid. 97, 
>3; 101, 213). It is jffoduced by lM>iUng a 
lolution of a metallic chloride or iodide with 
■vatcr and mercuric fulmmato 

40 : NOH+HjO^OjHaNaO, 1 00,4 NH 3 
50-75 grams of well-washed mercuric fulminate 
ire boiled with 700-800 c.c. of water, 00 c.c. 
>f a saturated solution of ammonium clilorido 
iro then added, and the whole heated to the 
xjiling-point. As soon as a yellow dcj>osit of 
jxydimercuric ammonium chlornle separates, the 
lame is removed, and ammonia aimed till all 
t-ho mercury is ]»recipitatod. On liltcring, 
evaporating the iiltrat<i, and recrystaliising the 
[irst cron of crystals, pure ammonium fulminur- 
»te is obtained. By converting this into the 
basic lead salt by tioating with lead acetate and 
then precipitating with sulphuretted hydrogen, 
an aqueous solution of fulminuricacid is obtained. 
This, on evaporation and standing in a warm 
place, solidities to an indistinctly crystalline 
mass, which, dissolved in alcohol, deposits on 
civaporation colourless prisms of fulniinuric acid. 
The potassium or ammonium salt may bo 
converted into the silver salt, whicli may bo 
decomposed by hydrochloric acid, yielding free 
fulminuric add. Another method of preparing 
fulminuricacid is that of Llpiani (Gazz.chim. ital. 
1906, iii. 357). yuccinamidodinitrosoporoxide, 
obtained by the action of fuming nitric ftcid on 
Bthylacetoacotato and subee<|uent treatment with 
Bonceutratod ammonia, yields an acid which 
Ulpiani has proved to be identical with 
the fulminuric acid of Liebi|;, and also /9- 
iaofulminuramide. The latter yields j8-t«(rful- 
minuric acid on hydrolysis. Fulminuric acid 
decomposes on heating with a slight de- 
Qagration at 145'’ (Steiner, Ber. 1872, 381), 
and by heating with dilute acid or alkalis 
decomposes into oxalic acid, ammonia, and 
carbon dioxide. It ampears to bo monobasic. 
The constitution of fulminuric acid is .’‘till 
tiBcertain. Nef regards it as nitrocyanoacota- 
CNOHNOj 

niido I (Annaien, 280, 329); while 
HO*C:=NH 

Ulpiani (Lc,) represents it as tsonitrocyanoacet- 
* CN-C:NO*H 
unide { 

0:C-NH, 

Ammouiom fulmloimto forms anhydrous 
■Bonoclioic crystals, which blacken on beating 
ukd ^ve off nydrocyanio acid, ammonia, ana 
T^oic add, wUoh latter partially unite to form 
uea (I>ieb%). 


Potsssiiim fiUmtiianUe. To prepare this 
salt two parts of mercurio fulminate are gradu^ 
ally added to a saturated solution of one part of 
potassium chloride, and the mixture gently boiled 
till-the whole Is di^olved. The liquid is filtered 
through a hot funnel from a yellowish precipL 
tate which appoan, and the compound of mer¬ 
curio oxide and potassium fulmmurate, which 
separates in the nitrate, is freed from mercury 
by sulphuretted hydrogen. On recrystaliising 
from water, potassium lulmiiiurato separates in 
long glistening prisiiw, which decompose with 
incandescence when heated to 226'’ (Schischkoff). 

Silver fulminurate may bo obtained by heat¬ 
ing ammonium or potassium fulminurate with 
silver nitrate. It is almost insoluble in cold 
water, but jnay be reorystallised from boiling 
water in long very thin iictKllos. Heated with 
concentrated hytlrochloric acid in sealed lubes, 
at 110'’, traewi of tlie oxidi's of carbon are pro¬ 
duced ; one-third of the nitrogen goes to form 
hydroxylamine hydrochloride, and the other 
two-tliirils ammonium chloride (Ehrenborg). 
Under onlinary pressures at 100'’ the action is 
complicated. 

The fulmiiiurates of calcium, barium, sti-on- 
tium, iron, and lead may bo obtained by double 
decomposition from ammonium or potassium 
fiilminurates. On heating an ammoniacal solu¬ 
tion of copper sulphate with fulminuric acid, 
dark-blue prisms of ammonium cojiper fulminu- 
rate are deposited on cooling. By passing hy¬ 
drochloric acid gas through alcohol containing 
]>otassium fulminurate in suspension, Schischkoff 
obtained an oil which ho considered to bo ethyl 
fulminurate. This body is. however, not an 
ethyl Salt of fulminuric acid, but has the com¬ 
position C 4 HeEtNOft. It readily forms additive 
compounds with ammonia and the amines 
(Ehronberg, l.c.). According to Siedel (Ber. 
1892, 2760), fulminuric acid forms two series of 
Alters, the oxygen ethyl ester melting at 133® 
and the nitrogen ethyl ester at ISS®. • 

Metafulmlnorle acid, Isocyanuric add 
CjHjNsOj. It is obtained by the spontaneous 
polymorisation of fulminio acid {q.v.). It is 
best prepared by treating chloroformoxime Mrith 
a small quantity of sodium hydroxide or with 
aqueous ammonia in the cold (Wieiand and 
Hess, Ber. 1909, 1346). The hydrated acid, 
cont^ning probably 2 molecules 0 ! water, melts 
at 86®-86®, and the anhydrous acid at 102®. 
On standing, metafulminuric acid changes into 
B-^ofulminuric acid. The constitution of meta- 
iiilminuric acid is still under discussion. Wieiand 
and Hesse (l.c.) consider the hydrated acid to 
be (sonitroso tso-oxazolone 

.CH C: N’OH 
Nf I 
^0—C; N'OH 

whilst Pahizzo and 'Bamburello ■(Ohem. Zontr. 
1907, i. 26) assign to it the constitution , 

H 0 N<gH: 0 H:SigI>> 60 H , 

Cyuiimiil&osoaeetobydroumic Mid. or ml- 
minooyuoMetohydroxunlc Mid 

C,H,0,N,+3H,0, or 
HON: 0{CN) C{OH): NOH 
is obtained by warming metafulminnrlo ladd 
,with water. It is prepared by treatbig, an 
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ethereal Holution of chljjixtfojnioxiino with small, 
quantiticH of ammonia, until the odour of the I 
latter rcuiaiua. The aininonium salt is docom* | 
posed witli Jjydroc-liloric acid, and the acid, I 
which cryMtalliKOH from ether in colourless cubes, ; 
melts at 1I7’~118" (Nef, Annalen, 280, 324). 

Cf. Ulpiani (<Jazz. clum. ital. 1010, 40, i. 1), 
who disensseH the constitution of tlie fulminunc , 
acids and di'Hc ri})e« a nunil)cr of tlwiir derivatives. 

iflofulmlnuric acid CgHaNaOs of Ehrcnberg 
is obtained by treating cyanMonitroHCjjicetoliy- 
droxamic aciJ with ammonia. Tt is a powder, 
and chars without melting wlien heating (Nef, 
l.c. ; Khrenberg, J. pr. (’Ikuii. |21 30, 55). 

^-/tfutulmlnurlc acid was obtained by Scliol- 
vein {tlufl. |ii.J 32, 4(»1). lie treated sodurfa 
fulminate with dilute sulphuric iiciil, and allowed 
tlio mctafulminunc acid tlms fornicil to stand 
for some tunc. Uljiiani (tJa/.z. cliim. ital. 1005, 
iii. 35, 7) obtaincil the amide of this a'ld by 
treating KUccinamidedinitTosopcToMde witli con- 
centraiud ammonia. 'J'he aimd(! has Mic (;on- 
NJla(5:JS’ 

Btitution /(I. and the acid is 

ohtained from it by liydiolysis. ^^’llcn anhy¬ 
drous, the aci<i melts at iOO'^ with deconijaisitioii; 
the hydrated acid melts at 18S' . 

FUMARIC ACID and MALEIC ACID 
11 (!(X)(»11 lll’COOH 

II and 11 

(X)()H(’ 11 HCtX)OH 

'J’hcHO two unsal united acids are regarded as 
sberotiisomers, and because of the readiness with 
which imih'ie acid forms an anhydride, maleu: 
acid is rejinviented as the c>ji- luoditication, and 
fumaric, whieli forms no aiiliydride, as the 
mo<hlicatiou. Interesting coulinnation of this 
is shown by tlio formation of maleic acid on 
oxidising henzoqmnone with nasiiont silver 
peroxide (K-emptT, Her. 100(1, 3715). Maleic 
acid ehlorido is a very reactive com[>ound, 
and an asymmetric struoturois attributed to it, 
HCCO 

• 11 ^0. The chloride of f urmaric acid is much 

UCCOL 

li«8 reactive (Ott, Ann. 302, 245). These two 
uiiHaturatcd dibasic acids may bo obtained by 
heating malic ai^id : 

CH(OH)‘COOH 

I ==('2Ua(OOOH)3+H..(); 

(;h,cooh 

maleic anhvdrido (.' 4 H ,03 distils over, and 
fumaric m id remains lichmd in the retort. By 
rapid distillation at 110^-140*’, maleic anhydride is 
obtained as eliief product; by heating for about 
40 hours to 150' . fumaric acid is mainly formed. 

Both acids wlion troateni with nascent hydro- 

S on yield suceinic acid. Both unite with hydro- 
romic acid to form monobroinosuccinic acid. 
But fumaric acid unites Vith bromine to form 
dibromosuceinic acid, whilst maleic acid gives 
Modibroiiiosuccinic acid. Bolassium perman* 
gonate oxidises fumaric^ aei<l to racemic acid; 
maJoic acid is converted into mes^artaric acid. 
Fumaric acid is much less soluble in water than 
mo^c acid. 

Fumaric acid occurs in various jilants, aa 
in the common fumitory (Fvimria officinalis 
[linn.]), in CorydaiU huioosa, Otauciam fiavum 
(C^nU), Cdraria i^ndka (Ach.), Euphor- 


biacerc Clytia siuiilis, and in varieties of 
Agaricud. It is also fonned during tho gro^h 
of Jthizopus nigricans in dextrose-confining 
media, it occurs in fresh liecf, aa an oxidation 
product of succinic acid (Zoitsch. physiol. 
Chem. 1)0, 301). It can lie prepared by heating 
halogen substituted succinic acids (Brunner 
and Ohuard, Her. 181)7, 201 ; Swarto. ZoitscL 
(llK^m. 18()8, 25); by reduction of tartono 
acid (1). K. i\ 254, 420) ; by condensing malonic 
with glyoxylic acid iii presence of pyridinej 
and from maleic acid {w. infra). When heated 
in a Hoah'd tube it melts at 28b'''-287" (Michael, 
Bor. 1805, 1(;3); sji.gi. 1*025 (Tanatar, Chem. 
Sue. Abslr. 1803, i. 11). It crystallises in small 
prisms, which sublime at 200" without decom¬ 
position, but by dislillalion is converted inf 
maleic anhydride ami water. Fumaric acid 
fotms no anhydi'ido of its own ; all processes 
of dehydration convert it into maleic anhyf ide, 
which unites witli water to form maleic acid. 

Fuouiric ucul IS convicted into maleic acid 
by ultra-violet light, and also under the intlucnco 
ol radium rays. Fumaric acid on heating in 
aijucoiiH solution is conv»*rted to malic ai*id, 
tlio change being a icuu-siblc one (Jaraefi and 
Jones, Tiiins. (’hem. Sue. 1012, 1158). 

Maleic acid has never been found to occur 
in nature, and is best obtained by heating 
malic acid with acety! chloride, and decomposing 
tho acetyl malcic anhydride mto maleic anliydrido 
and acetyl cliloride, and then lieating the anhy¬ 
dride witii water. It can also be juepared by heat¬ 
ing fuiu)in<‘ acid (r. supra), or by treating a 
mixture of the vapours of benzene and benzo- 
quinone by oxygen under pressure in presence 
of vanadium oxide (Weiss and Downs, U.S. 
I’at. 1318032). It forms large prisms or tabular 
crystal?, very soluble even in cold water, 
m’.j). b.p. UK)*", decomposing for the most 

part into antiydride and w&U't. Maleic acid 
IS converted into fumaric acid when it is 
healed for some time at 130" or in scaled tubes 
at 200", when it is treated in tho cold with dilute 
mineral acids and certain organic acids, with 
sulphuretted hydrogen followed by sulphur 
dioxid<f, or with bromine in sunlight. Even 
at or din ary temperatures, and in the dark, 
its aqueous solution is slowly converted into 
fumaric acid. By heating the esters of maleic 
acid with iodine,*’tho esters of fumaric acid are 
produced. • 

Maleic anhydride is a white crystalline solid, 
molting at 6()" and boiling at 196“. 

FUMARINE, Protoponc 
FUNGICIDES V. DisiNFfiCTANTs and Plant- 
sprays. 

FUNGISTEROL v. Eroot. 

FURFURAL, FurUrd, FurfvraMehyde, Fyro- 

mucic aldehyde OrHiO*, 1 first ob- 

CH-(;*CHO 

tained by Doberciner by distilUne sugar with 
manganese dioxide and dilute sulphurio amd. 
It may be prepared in small yields by heating 
sugar with dilute tartaric or lactic acids, or 
simply by heating with water; hence it of ura 
ill brewers’ wort and sometimes in the finished 
beer, also forming a constituent of fusel oil 
from the distiUeries. Is produced during tlio 
heating of madder with dilute sulphuric acid in 
the preparation of gfittMOin; during the dry 



distillation of oak timber; and by heating starch 
at 200°. It is a coiutituent of many easontial 
oils (Schimmel). Best prepared by dutilling 
bran with dilute sulphuric acid and fractionating 
tho distillate. 

(k>lourlcss Ikjuid : b.p. 101°; smelling of oil 
of bitter almonds and ud of cinnamon; sp.gr. 

1 1694 at 2074 °; fia^VrAm ; soluble in 11 
parts of water at 13 *. 

Reduces silver oxide with formation of 
pyromucic acid. Shows a striking similarity to 
ncnzaldchydc in its reactions, forming furfur- 
alcohol and pyromucic acid with caustic potash, 
furfoln with potassium cyanide, dycstulTs with 
derivatives of aniline, &c. 

The iirelhmre is a very characteristic deriva¬ 
tive, nrystallising in ncedl(«, m.p. 109", which 
may bo sublimctl. The semicarbazotie melts at 
202°-203". 

Owing to the presence of furfural in beer amd 
spirits, many methods have, been devised for its 
detei’tion. One of lh<‘ most sennitivi* tests is 
with colourless anilin<‘, alwolute alcohol, and 
eitherhydrochloric or glacial acetic acid, a i^liorry- 
red coloration bi'ing produced, the amount of 
furfural pnwonl being ostiinated by tlic depth 
of colour (J. Anu'r. t'hem. Soc. JttfKi, l()29). 
Other melhods of e^^tiniation arc : precipitation 
with iihloroglucin and hydrwhloric acid (Wcibid 
and Zcisol), and tlic preparation of the insoluble 
Bcmioxamazide. 

FURFURAN, Fur(i)i. Tftrol, TdraylimcA 
CH Clf/ 

Is a fairly stable etlier comiiound, obtained by 
tho distillation of the barium salt of pyromucic 
acid with soda-Iimc; by the distillation of 
calcium succinate; or by heating succinic 
dialdeliyde with water at 180° Beat prepari'd 
by heating pyromucic iwml alone in a tuiie at 
2(H)°~276°, as the barium salt producer also tho 
hydrocarbon (‘ 3 H 4 and CO (Froundler, Oomjit. 
rend. 124, 1 If)?). 

Appears to be contained in tlic volatile 

e irtions of pinewood tar. Colourless ii(pn<l, 
)iling at 32°; insoluble in water, • readily 
soluble in alcohol and ether. Aciils convert, it 
into pyrrole-red ; metallii; sodium and alkalis 
do not attack it, (kilours a chip of pinewood 
moistened with hydrochloric aciil an emerald 
green. 

By nitration in presenoe of acetic anhydride, 
a monoacetin of nitrosuccinicaldehyde is 
formed, which reacts with pyridine, producing 
NOaC=CH\ 

nitrofurfuran ; m.p. 28° ; | '/O. 

ch=ch/ 

FURFURINE Prepared from 

furfural by first making the amide with the aid 
of ammonia. Furfuramidc is boiled for 16 
minutes with very dilute caustic potash, and 
the furfurine which separates is dissolved in 
excess of boiling dilute oxalic acid. The so- 
formed dioxaiate is collected, and again dissolve<l 
in 100 parts boiling water, and precipitated with 
ammonia (Bahrmann, J. pr. Chem. (2] 27, 313); 
white needles; imp. 116°; very sparingly soluble 
in cold water, but appreciabW solubTedn hot; 
re^iy soluble in aleimo! or ot^r. It is a mono- 
aoid base, and the orystids turn brown in moist 
air. Expels ammonia from boiling eolations of 


ammonium salts, but is itsolf nroclpiteted by 
ammonia from its salts in the ootd. 

When heated with sodium, tsofurfurine is 
fonnwl. Forms a nitrosamine C.,H„{NO)N.O, 
by acting on the sulphate with very dilute 
potassium nitrite, and this exists as golden 
triclinic crystals; m.p. 112° (Sohiff, Bw. 11, 
1250). 

FURFUROIDS arc a group of compounds 
closely related to the jH'ntmes and pento- 
Kan.s, distinguished by yielding furfural os a 
characteristic product, of decomposition on 
treatnumt with ai'iils (Cross. Bevaii, and Smith, 
Clicm. Soc. Trans, 1897, 1001). 

FURFUROL V. Fuhforal. 

FURNACES FOR GENERAL LABORATORY 
USE. Fig. 1 shows a Fletcher's gas muffle 



Fio. 1. 

furnace affording high temperatures without an 
air blast. Witli the use of a suitable pressure 
governor, fairly constant temperatures may be 
obtained. Tho furnace can be used for heat* 



FlO. 2. 


j ing procipitfiites, fusions, roasting of ores, Mul 
simii^ iaixiratory operations, v^en crueib^ 
’ which have to be weighed are heated, a sheet of 
asbestos cloth shoula be placed on the floor of 
I the muffle. • 

A FletcheFs muffle furnace (Fig. 2), in which 
' petroleum is used as fud, is de%ned for use 
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where gaa ia not avAilahle. With the bomer 
ehown, the necessary air-blast may be obtained 
by a foot blower; or an automatic petroleum 
burner may l>e used, which dispenses with the 
use of an supply of compressed air. 

Fig. 3 sJiows a Fletcher’s injector furnace, 



F/n. 3. 


which is efficient and rapid in working. For 
ordinary ]>nrprw(is, a foot blower is used, but 
for very high tempornturoH a blower driven by 
power is preferable. (!ast ii’on ean readily bo 
fused in this furnace'. 

A furnace of sirmlar sliajw to that shown in 
Pig. 3, but with a modlliod Inirnor, is used 
where extremely liigh teinjioratunw are required, 
a Btreain'of oxygen licing employed instead of 


the usual air blast. In order to prevent the 
perforation of crucibles by a small but extremely 
hot 6 ame, the burner is so designed that the 
oxygen is mixed with air before it ontws the 
furnace, a more diffused flame being thi» 
obtained. 



Fin. 4 (a). 


An excoo<!mg]y useful furnace designed hy 
Fletclier is shown in Fig. 4 (a and 6 ). This 
furnace works either ns n draught or blast 
furnace with the same burner, and may be used 
for any temperature up t.o the fusing-point of 
t he casing. It is adapted for crucibles, muffles, 
tubes, cupels, distillation by dcscension, treat¬ 
ment of refractory substances with gases at 
liigh temperatures, small forgings, roosting of 



Fig. 4 (6). 


ores, Ac. When used os a blast funiace os with a blast, for which the same burner is 
shown in the ligure, an empty crucible can be employed, of melting cast steel. It may bo 
raised to the fusing-point of cast iron in 2 employed as shown, or one or both doors may 
minutes, starting all (‘old. For use as a draught be arranged to receive a muffle, so that the 
fumaoe, tbo plug c is removed and replaced by furnace may be used for muffle or crucible 
a ohimnev, when a crucible may be licaU'd to 
bright redness in 10 minutes. The furnace may 
idso be turned on its side, when the doors a 
and B become the fiT^nt of a muffle furnace. 

A furnace in which rae^nesia is used as the 
refractory material, and designed to employ , 
the oxygon-coal gas flame is made by Merck. 

The burner is provided with a water jacket; 
and the mixed gases, which are projected 
through the bottom of the fumac^ are so 
directed ihaA the flame dftos not play directly ; 
on the Butotaooe in the crucible. The employ¬ 
ment of magnesia for the parts most exposed 
to the flame, admits of the use of a very high 
teoKMraWe. . : operations, or for both simultaneously. Penot’a 

5 shows a Retehcr's reverberatory furnace for heating crucibles by gas is described 
i^HRiaea avidlable for all general laboratory | fully in Bull, vSoc. chim. 1867, 7, 332. ... 

WfAt ai^ oi^ble, when working with a ! A furnace designed by Rbsaler (Zeitaoh. anat 
producing a clear yellow heat above j Cfaem. 1886, 95 ; Bingl. poly. J. 2^ 79 $ J. Soa. 
lha Imw-point of line silver, aitd when worked ! Chem. Ind. 1884,612) foi^mtons^y heatsog amall 
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eraoibles employed in <^einioei analysis is shown 
in Fig. 6 . Gold nix, admitted in carefully 
r^ulated quantity 
~ at e to tho burner 

a, i)eoom6s heated 
during its passage 
around a Jacket, d. 
Combustion takes 
place witiiin a 
muffle, r, surround¬ 
ing the crucible h, 
and the combustion 
products pass out 
t.hrougli the cover 
of the muffle and 
througli a ohimnev, 
g, the draught in 
which is usHiKi-<‘d 
and ri'gulated hy a 
second burner. A 
soniowliat similar 
arrangement lias 
been described l)y Hompel (Zeitseh. anal. ('hem. 
1877, 454). A simple form of crucible furnace 
using gas ha.s been described liy KoU'rls and 
Moltermott (J. Anier. ('bom. Hoc. 1911,Jilt. 507). 

Kg. 7 shows a Fletcher’s furnace, which, 
although primarily dosignod for oiganic unaJ\8ia, 
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will be found very useful for many other 
laboratory oj)oration8. The burners are placet! 
in front of tlie furnace, and clear from all 
failing dirt, and since these are made of brass, 
there is no ironwork to rust. The furnace is 
made in (t*inch sections, and can, therefore, bo 


^ O^* Hi 
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I^It Up to any length. The body of the 
fumaoe is made entirely of fire-clay^ 

• S^trSm’s poitalde furnace for use with 
is shown in Big. 8. It oonsiste of an 
<w ier cylinder forming an air ohanfber aroui^ 
n 'Cinder, ft, fixed in position by a fiange, g. 


The c^dinder ft is perforated with holes ooa- 
taining small tapenng noszles, e, and is lined 
witli nro'clay shaped as shown. When greater 
space is required tor fuel, &c.( a hoop, A, mi^ 
be placed around the top of 4>ho cylinder ft. 

11 consists of a strip of sheet iron, in one end of 
which are two holes, t, whilst in tlie other end 
is a button which may bo inserted in either of 
the holes, so tiiat the hoop may fit over the 
cylinder ft, or, when not in use, over the outer 
cylinder. The l)last is supplied at / by a 
small bellows. 

TIm' cloctric furnace sliown in Fig. 9 is 
specially a<laptcd fur fusions on a smaii scale, 
and for Ihe production of high local tempera* 
turos. The process can watched frpm 
beginning to end througli the mica doors, the 
eyes being protected by blue spectacles. The * 
furnace consists of an iron muffle ^ed with 
iire-clay. The block ft can bo raised or lowered 
by im^ns of the set-scrow c. On this block 
stands the crucible, made of lime, magnesite, 
&c., according l-o tiic purpose required. The 
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cables / and /' convey tlio ourront to the * 
electrodes, a and a\ which can bo adjusted by 
means of the regulating wheeU e and e*. The 
mica doonr permit of easy access to the Interior 
of the furnace. In this type of fumaoe the 
beat is generated in a chamber of practically 
non-conducting material, and since no cold gases 
are introduced, extremely high temperatures 
may be product in the crucible. 

In the tube furnace shown in Fig. 10, the ' 
heating body consists of a tube of hignly r^ao* 
tory porcelain, around which is coiled a ribbon 
of very tliin platinum, which makes a closer 
contact with the porodlain and lasts nme^ 
longer tkan platinum wdre, A temperature of 
1400*^ can easily be reached, but above this 
the porcelain begins to conduct electricity, and 
on electrolytic action is set up between the 
platinum aud the tube, which will eventaaliy 
cause breakage. In the figure the furnace is 
shown mounted on a tilting frame fin* use ha 
any position. It may be <mt^ned wound for 
any supply between 65 and 250 vrdts. ]ja using 
the furnace it is necessary to p^ attention £ 
the followii^ points: (1) No cold object must- 
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bo brought into contact with the tube while it 
ii IncandoHcent. (2) The furnace should not 
bo kept et ik maximum tcmi^eraturo longer 
than w ncccHHjiry. (3) A Huitablc rosietancc 
should 1 h> connc’ctcd up witli the furnace in 



so lined. The temperature obtained is more 
uniform than that produced by the gas blow¬ 
pipe, and the use of Uiis furnace entirely prevente 
the damage, which, particularly in the analysis 
of phosphates, is caused by the reducing gases, 
to a platinum criKible hcat<‘d by gas.^ The 
consumption of current at 110 volts is 2*3 
amj>6res, and the platinum resistanoo has an 
avi^rage lib' of about 850 burning hours. 

An elcictni'al crucible furnace in which the 
plaiimim resistance is replaced by a common 
metal is <les(!nbed bv Askeiiasy (Zeitscli. 
IOh^ktr<K'li(Mu. iiM4, 20,^ 253). The metal is 
pnivented from oxidising by a packing of 
! i>owdcr*Ml charcoal, u'hich is jiiaced in the space 
lK*tw(!<!n the a(;tual furnace an<l the outer casing. 
'I’he furnace is 50 mm. diameter and 80 mm. 
di^cj), and can bo eonnecUul directly with the 
lighting circuit withmit any resistance in series. 
The etliciency of the furnace is high, and a 
temperature! of 8(K)''‘ can be obtained in 10 
ininulos, and one of 1 UM)’ in 30 minutes. 

A crucilile furnace in wlm!h the boat is 
generated l>y tlic passage of an olcctri<* current 
t hrough a resistance of granular carbon, is made 
by Merck (Fig. 12). Jn order to withstand very 
high tomporatures, the parts most exposed to 


Fig. 10. 

order to ensure gradual heating, and to [irovide 
a means of regulating the temperature. 

Fig. 11 shows an electrically lioabnl crucible 
furnace, in which the heating resistance consists 
of platinum wire emlMidded in a suitable fire¬ 
clay. furnace is designed for crucibles of 
a capa<!ity not o\(“(‘ediiig 30 c.c., and the tem¬ 
perature obtained is aliout 1050°~U(M)°. lnsid(! 



Fig. 11. 
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a, b. Case; c, copper plate; d, bolt; e, terminal; 
/, carbon bloclc; 9 , resistance; h. crucible stand; 
i, ma^mesitc ring; I, heating chamber ; la, n, 
rings of magnesia; o, annular electrode; p, luge 
cover; 9 , small cover. 


the fumaae the crucible fests upon a small 
stand ndractory porcelain; but if the 
contonta of the crucible are moist, and it is 
requhiod to beat them slowly, the| crucible is 
Huspendod in such a way that only the lower 
part is within the furnace. For quantitative 
work, the furnace cover can be coated with 
platinttB foii in order to prevent /^bipe of fire¬ 
clay from falling into ine crucible, and in 
special otMt the whole of the interior may be 


the heat are made of magnesia, which is also 
used as a packing to minimise loss of h^t. 
When using the maximum amount of energy 
(about 8000 watts), the temperature approaches 
the melting-point of corundum. 

An electrically heated tube furnace (Fig. 18) 
is described by Blount (Analyst, 1905, 30, 20), 
in which the resistance consists oi loosely packed 
retort carUDn mixed wiUi a suitable quantity of 
siloxicon. T3ie essentiaLpartB of furnace 
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are two concentric fire-clay tubeR, surrounding, 
but not actually touching, that part of the 
porcelain tube to be heated. The reHistance 
material is packed between th©«e two fire-clay 
tubes, the current iwing led in by moans of an 



Fig. i:i. 


A.clnmps; n, asbestoR i-lolh ; C, copi)or terniiiml.s ; 
r, flro-clay tubes ; n. pic<a^s oi iSre-flay , r, resistance 
mKture ; P, poredalti tube ; v, urulite (Uses. 

annular e(jpper disc at (‘acli (uid, which is pro¬ 
vided witli a short cylmdrical prop'ction fitting 
closely in betwe<‘n the tw<» tul>es so as to make 
good contact for the n'sistanco material. Tlio 
two tiilios winch form tin' furnace j>rop«‘r are 
8urround(“d by two other wid(‘r firc-clav tubes 
whicli servo merely to insulate the heat .' They 
may be eov(5re<l w’ith a^hcistos wnijmmg still 
further to retain the In-at. 'J’lie (‘IkIm of the 
furnace are made of uralite discs, which also 
support tho tulHJ to 1 r^ heated. With this 
apparatus, a piece of copper weighing from IT* to 
2d grams can be fused in about IH minutes. 

A simple electric laboratory furnace with 
resistor of ductile tungsten or molybdenum 
wound on an alundiim evlinder has been 
de.Hcribed by Winne and JianUiizon (Met. & 
T’heni. Eng. 1911, 9, 637 ; il. Soc. ('hem. Ind. 
1911, 30, 1204). Tho temperature can be 
raised to 1700", at which a current of 25 volts 
and 45 amperes is required. 

For temperatures up to 2100“’, electrically 
heated furnaces are made m which a current of 
6tK> amp6res and 5 volts is led through a thin- 
wallod tube of pure iridium, but tho extremely 
high price of this metal greatly limits the use of 
these furnaces. 

For other forms of electric furnaces, see 
Pring, The Electric Furnace, Ixingmans, 1921. 

For descriptions of electric vacuum furnaces, 
see (loecko, Mctallurgie, 1911, 8, .($07; nhio 
Slofle, Proc. Uoy. Soc. 1912, A. 87, 519; Wolf 
and MiiUer, Zoitsch. EleKtrochem. 1914, 20. 1; 
Ruff. ibid. 1914, 20. 177; OeHtcrhold, ibid. 
1916, 21-^. 

Furnaces employed for pai'ticular purposes 
will be found describiHl under ep^'cial heauings, 
as Assaying ; Aluminium; &c., Ac. 

FURUNCULENE v. Synthetic drugs. 

FUSEX OIL. Fermentation amyl alcohol. 
Potato oil. Grain oil, Mare brandy oil. (Gcr. 

Ft. Huile de pommes de terre.) The 
mixture of alcohols constituting this substance 
is produced in comparatively small quantity in 

®^®oholic fermentation of most bodies con¬ 
taining sugar, the largest proportion being con- 
In the alcohol prepared from potatoes, 
wmle in the alcohol from the * marc ’ of grapes 
from beetroote, grain, &c., smaller quan- 
titles are found. 

Fusel oil consists mainlv of two alcoh<^. on^ 
Vm- FIT_ 7* * * ^ 


of which, iso.butyl oarbinol, or »so-amyl alcohol, 
or inactive amyl alcohol (CH,),CH‘CHjOH,*OH, 
is optically inactive, while the other, secondary 
butyl carbinol or active amyl alcohol 

rotates the plane of polarised light to the left 
.sufficiently to rtmder fusel oil strongly laivo- 
rotatory. Tho following alcohols are said to 
have been separated from fusel oil:— 

Ethyl alcohol . . UHa'CHj OH. 

Normal propvl alcohol t'HjOH. 
t.>*oPropyl „ (OHalgCH-OH. 

Normal butyl „ (lsH 7 *(lH, OH. 

i.soButyl „ 

Tertiary butyl ., jCHajsfVOH, 

Active amyl (l,H,(Oir 3 )CH’CHj’OH. 

Inactive nmvl „ (('HaiaCU'CHad'Hj'OH. 

Methyl normal propvl 
carbinol . 

Normal priniar}'^ amyl 

alcohol . *. (\H„ ()H. 

A primary hexyl alcohol (!,H,a*(>H. 

,, heptyl ,, 0 -Hn-()H. 

Formic, ac’otic, propionic, luilyrio, valeric, 
caproic, (©nanthio, capryhc, jadargonic, and 
caprio acids have been hiund in fusel oils, and 
ethyl ac(!tato and other esters and various 
aldehydas are also pre-siuit. * 

The composition of fusel oil depends on tho 
source of production, the nature of tho ferments 
{indr infni), ami llio method of distillation. 
That from grain or jiotatoes consists largely of 
amyl alcohols with ethyl alcohol, tho inaotivo 
amyl alcohol being the principal constituent. 
Tlio fusel oil prepared in tho South of France 
from the marc of brandy contains normal 
projiyl alcoliol in considerable quantities, while 
that obtained from the licet contains a laiger 
proportion of twbutyl alcohol. Also the rer* 
inent in brewer's yeast {Saccharomycea cerevisice 
[Moyer]) appears to favour the production of 
iMobutyl alcohol, whilst Snc.cluiromyces eUipaoidea 
(Roess.) (from the grape) tends to produce normal 
butyl alcohol. Higher alcohols are said to be 
rapidly produced after fermentation ceases, and,' 
therefore, the higher alcohols tend to increase the 
longer the interval between fermentation and 
distillation. This may be due to some organism 
other than yeast becoming active after tho yeast 
has done its work. 

The proportion of fusel oil obtained during 
fermentation is also modified by tho condition oi 
the mash. Alkaline liquids, particuiarlv when 
warm and containing large quantities of sugar, 
promote its formation, while acid liquids, espe* 
daily when containing tartaric, racemic, or citric 
acids, are said to prevent its production. The 
resence, in any quantity, of tartar or certain 
itters such as that of hops also prevents it# 
formation, so that wines, Ac., are usually free 
from fusil oil. Acrtirding to Le Bel (dompt. 
rend. 98, 1368), pure sugar fermented with bw 
yeast yields leE« of these alcohols than wine or 
beer. Obviously a larger proportion of higher 
alcohols is l&ely to occur in spirits distilled 
a pot-stiU than when highly rectifying appliance* 
are used, as in patent stills. 

Fusel oil is contained principally in the aloo- 
holio distillate commencing to come off at 105^- 
125® and ending at 132®-137®. Between 106® 
and i^® most of the fsobutyl alcohol» obtained, 
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while the amyl aloohola distil principally between 
128° and 13S!°. 

According to Rabutcau (Compt. rend, in, 
600), the following represents the percentage by 
volnme of the principal constituents of potnio 


iirol’ropyl alcohol . 

Propyl 

Normal butyl aUiohol 
woButyl 

Inactive amyl „ 

Active ,, 
l*roduct« boiling ulxivc 132 ' and 
retaining nmyl nluohol . 

Etliyl alcohol, ethyl acetate, and 
aldehyde 
Water . 


150 
3 0 
()T) 
5-0 
27 5 
(i-0 

17-0 

7T> 
12 5 

lOO'O 


Later obHcrvations, however, do not eonfinn 
Rabutcau's statement that fuKol oil contains 
wopropyl alcohol, , , • 

According to T^lex, the distillation of fusel 
oil produced from (1) beet. (2) potatoes, (3) grain, 
gives (roughly) tlm following pereeniago by 

' , (i) (=) (3) ' 

80"-l(K)i (]irincipally priipy' ! 

alcohol) . . • .13 13 3! 

100''-130" (butyl and amyl 
alrohnlH). . . • r,3 30 20 ^ 

Above 130” (amyl alcohol) . 34 57 43 ; 

By careful fractional distillation of wine 
brandy 25 years old, Oixlonneau ((^ompt. rend. • 
188t5,‘102, 217) (fbtamed the following sub-| 
stances :— 

P.c. by v(flume 

Aldehyde .... 0 003 
Ethyl aootuto . . • 0 036 

Acetal .... traces 
GSnanthylic ester . . about 0’004 

Propionic, butyric, and ca]>roic 

esters .... 0‘003 
Normal pronvl alcohol . . 0*040 

• Dutyl ,» . • 0*218 

* Amyl aloonol * . . * 0*0838 

Hei/l.0*0000 

Heptyl.0-0015 

Amino bases (probably of the 
pyridine series) . . • traces 

Commercial olcffhols from maize, l>^t, and 
potatoes, showed the preeom^o, in addition to 
other substances, of propyl alcohol, active and 
iMctive amyl alcohol, pyridine, a base 'which 
appeared to bo collidine, and wobutyl alcohol, 
^ehont a trace of normal butyl alcohol. Ordon- 
neau attributes the disagreeable difference m 
flarour between wine brandy and that from a 
mash to the presence inr the former of normal 
butyl alcohol, while the latter oontairw the dis* 
agreeably smelling i«obu#yl alcohol, but no 
normal butyl alcohol. He recommends that 
the fermentation of a mash should be performed 
with the elliptic wint yeast instead of the globular 
ftew yeast, as he finds by experim^mt tiiat the 
former pr^uoes the normal butyl alcohol, while 
the irtter tends to form the wo- varietv. 

71m ifiManyl alcohol (inactive amyl alcohol) 
may ’be eeparaied from fusel oif by sgHation 
witn a saturated sedation of common salt. The 
amyl, butyl, and pr<^yl idcoh<^, which are less 


soluble in that medium than in water, separate u 
an oily layer, while the ethyl alcohol remains m 
the bnne. The separated oil is distiUed, the 
tion coming off between 105“ and 120 consist¬ 
ing principaJlv of tm-butyWleohol, while i^t 
distilling belwooii 126“ and 140° contains the 
amyl alcohols. This is collected separately, 
agitated with hot milk of lime, dried over cal- 
cium chloride and redistiUed, the portion 
coming off between 128“ and 132“ being coUec^ 
i separately. In this way the iso-amyl alcohol is 
1 obtained almost free from butyl alcohol and from 
valeric aldehyde. The barium amyl sulphate 
produced from active amyl alcohol is 2 ^ times 
: tifi. soluble in water as that from the inactive 
i vari<4y, ho that thoHe salts may be separated ^ 
i careful fractional crystallisai-ion, and afterwards 
’ tnjaiod for reproduction of the aleobols. 
j The composition of fusel oil from various 
souroew has bee,n carefully studied by Karl 
! Windisch (f. Arboiten am dera Kaiserliohen 
' (losundheitsamt, 1892, Bd. 8 ), his principal 
resnlhs from ( 1 ) potato and ( 2 ) com fusel oil, 
expressed in grams per kilog., and cxcludii^ 
ethyl alcohol and water, being as follows 


0 ) 

(i8-54 

243*50 

(>87*00 


Normal propyl alcohol 
i«oButyl alcohol 
Amyl ,, 

Jlcxyl 
Heptyl 

Free fatty acids 
Fatty acid esters 
Furfural and bases 
Terpenes 
Terpene hydrate 
The free fatty acids and acid esters were also 
analysed with the following reauite expressed in 
percentages, the acids and esters being taken 
together in the potato fusel oil, and separately 
in the fusel oil from com ;— 


Oil 

0-20 

0-0.5 


( 2 ) 

36-lK) 

167-(i0 

768-50 

1-33 

trace 

1-60 

3-06 

0-21 

0-33 

0-48 


Potato. 

Free fatty acids 
and acids estci-s 
Caprie . . 30 

Petargonic . 12 

(’aprylic . 32 

Oaproio . 14 

Butyric . . 0*6 

Acetic . . 3*6 


Free fatty "^Eistera 
acids 


44*1 

12-9 

26*7 

13*2 

0*4 

2*7 


40*7 

14*2 

34*8 

9*6 

0*4 

0*3 


The terpene which il j..--— 

together with its hydrate CioHmO, has not been 
exactly identified, but it has a closo resemblanoe 
to phellandrene. 

The injurious effect of raw or recentiy manu¬ 
facture spirits is attributed {ivlfi.r alia) to the 
presence of fusel oil produced during the fer- 
montation and not thoroughly separated, M 
considered it to be due rather to furfural and othM 
empyreumatio bodies, and this view wasaupportw 
by Lauder Brunton, who thought that the toxic 
effect of spirit may also.be attributed, in some 
oases, to the presence of trac« of wakudiu 
bodies, arising from the decomposition 
albuminous substances in the mash. SeW^ 
rowitz also found in new whisky subst^ces such 
as pjnxol, phenolic bodies, traces of nltrilw, 
wmoh di^ppear as the spirit moturre (J. Soo. 
Chem. Ind. June, 1906). The actual adiritcij. 
tion of alcoholic liquow with fusel off is 
<fthle. but spirits eoirkiunmg 0*3 p.e. « thM 
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fubBtuloe are ostially deemed to be injotioBS, 
^thoQgii the seneral tendency of the evidence 
given Wore the Royal Commiaaion on Whisky 
and Potable Spirits, was to show that the evil 
effect of spirits ^duo to the ethyl alcohol! 
itself, rather than W fusel oil or other secondary 
products present. 

Samples of spirits examined by Dupr4! 
(Anal)^t, 1, 6) contained for 1(K) parts by weight | 
of ethyl alcohol: i 

Scotch whisky contain- 1 ^ n ^ ^ i, i i 
ingfl4T,p.Zof aloolmir ® P ''' '‘™y‘ 

Capo smoke . 0*24 ,, 

Common Samslioo . 0*18 

Pine ,, . 013 „ 

According to Lo Rel {("ompt. rend. 0(5, 13(58). : 
natural white wiuci contains 0*2 p.c. amyl ; 
alcohol j)or litre, and, according to Ilainbcrg ! 
(Schmidt’s Jahrb. der Medioin, 201, 27, 1885), • 
boor contains about ()-00114 p.c. of fusel oil. i 

Beer recommends a maximum jicrmissiblo 
limit to the fusel oil in brandy, liqueurs, Ac., of • 
0’3 p.c.; but Bodlander and Trauls* (Hep, Anal. 
Chem. 7, 1(»7), who have examined a number of ! 


potatoes, maise, and the resldnes from breweries, 
by the continuous process, has been found to 
contain 1 '32 p.c. of fusel oil. Raw Swiss brandy 
filtered through charcoal showed 0*2 p.c. 
fusel oil; that rectified by distillation, 0*00; and 
that filtered through charcoal and afterwards 
rectified contained none. Cf. F. Pampe (C^em. 

! Zeit. 11, 313). 

1 Apart from the desirability of removing the 
I excess of fusel oil from spirits intendea for 
human consumption as a leverage, the oil is 
rocovoretl for its own sake, os a valuable by* 
product in the manufacture of spirit, its price 
before the war being about 0 times that of 
ordinary alcohol. During the war, owing to 
the great demand for fusel oil for tiie manu¬ 
facture of amyl acetate and other purpMos, 
the price increased fourfold, viz. from about 
50i. to over 2(>0/. per ton. 

By moans of patent stills, the fusel oil may 
be rapidly and almost completely removed, and 
with suitable rectifying apparatus, alcohol at 
96° and fusel oil may separately be obtained in 
I the proportions of 130 to 1, or nearly 0*8 p.c. (by 
' volume) of fusel oil. 


commercial spirits, jiroposo a limit of O'lO- , The amyl alcohols of fusel oil dissolve in 
0*16 p.c. ^ about 40 parts of cold water. According to 

Tne separation of fused oil from spirit is | Balbiano (Her. 9, 1437), the inactive variety is 
extremely difficult. Among the various sul)- • soluble in about 60 parts of water at 14°, and 
stances proposed or used for its destruction or is less soluble nt 60°. /wbutyl alcohol dis- 
rerooval, are charcoal, soa)), oil. and fatty sub- ho1v<« in 10 parts of water at 16". One part 
stances, potash (‘grey salta’), pearl ash (‘white of ina<’tive amyl alcohol tak(« up about 0*08 
’), lime, siilphuru!, nitri<?. and hydrochloric part of water, while iwbutyl alcohol dissolves 
acids, bleaching powder, and potassium per- nearly twice that amount, 
mangonatc. Fusel oil dissolves freely in ether, chlorofonn. 

Charcoal, soap, and f»il are supposed to ; alcohol, benzene, and carbon tetrachloride, 
separate the fusel oil unchanged. Wiicn recti- j It is largely used for the manufacture of 
fied over potassium permanganate or bleaching \ amyl acetate («j. Acetic acid), which has 
powder, the amyl alcohols are. converted into ' numerous applications in the arts and manu* 
valerat^, but a port ion of the etliyl alcohol is | facturee, as flavouring essences (pear oil, Ac.), 
also decoinjiosed. Bleaching powder, when used, for confectionery, as a solvent for oelluloae, and 
is made into a milk at the ordinary tem{>ora- in making lacquers, varnishes, artificial leather, 
ture and permitted to digest for a time, after waterproofing, and sanitaiy sheeting for 
which the spirit is drawn off and reotified. Ac- hospitals, Ac. Tt is also used in toxicology as 
cording to Klozensky, if the spirit bo distilled i a solvent for alkaloids, for which purpose it 
from mrd soda .<toap, the fusel oil remains with j should be carcfuUy purified by agitation with* 
the soap, from which it may be separated by j dilute acid to remove an alkaloidal body which 
subsequent distillation at a more elevated tern- | it is liable to contain. On account of its strong 
perature. I affinity for chlorine, fusel oil has been employed 

The most ajiproved method of separation, I in chlorine generators for laboratory purposes 
however, is by well-burnt granulated vegetable i as an absorbent for that gas, to prevent its 
charcoal or bone-black. The charcoal is placed | escape into the atmosphere when the supjdy is 
upon perforated trays in a vessel surrounded by ' no longer required ; whilst its principid eon* 
a coolmg jacket, and the spirit, usually diluted stituont (amyl alcohol) is employed in the 
to about 160°Tr., is caused to pass through ! estimation of fat in milk by the oeniiiftigal 
several laycra. The operation should not be ^ methods. 

performed aliove the ordinary temperature, os ' For a description of the method of v^uation 
the fusel oil is again dissolved from the charcoal | of fusel oil used in the Institut ffir O&nmgsge* 
near the boiling temperature. From 3 to 5 vols. . werbe, Berlin, /lee Heinzelmann, Z. Spintusind, 
of charcoal are required for the successful treat* 1912, 35, 612; J. Boo. Chem. Ind. 1912, 31, 
mont of 100 vols. of brandy. The whole of the 1142. 

fusel oil is evolved from the charcoal on treat- i SyTiiketic mil. —Synthetic commerciiti 

ment by superheated steam, and the charcoal amyl acetate and fusel oil can be prepared by 
may be repeatedly used after heating to redness ; the following operations : A gasoline, boiHng 
to wve on the occluded gases, Ac. It is notice- ; at 25°'45°, and consisting ebi^y of sainratea 
able that the fusel oil obtained by steamii^ the I hydrocarbons, as, for instance, that obtained 
chaxcoal does not represent the whole of that by cooling natural gas, is chlorinated by intro • 
removed from tiie spirit, nor are sufiSoient com- i duoing citrine at one end of a body ol the 
potmds which might be produced by the decom- ! hydrocarbon whilst illuminatii^ the other end 
POTition of the fund oils found to account for i with a source of aotinio ikht, and causing the* 
ms loss. I gas to approach the light. By wfffliiff 

Baw bran^, produced in Bwitaerknd frar^ I monoohloro- derivatives are obtained, end m 
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Boon as theBo have accumulated to the extent 
of 20 p.c. the mixture is fractionated, and the 
unchanged hydrocarbons are recovered for re- 
treatment. Tlic fraction, b.p. 05^-140“, con¬ 
sisting mainly jmiityl and hexyl chloridoa, is 
heated with nn equal weight of anhydrous 
sodium acetate (witli or without aeotie and 
amyl acetate) for 5 hours at 200" under j)re88uro 
in an autoclave rotated UO times i)cr minute. 
In UuH way 5H() lbs. of the crude chloridw gave 
384 lbs. of crud<' amyl acetate, from winch 
fusel oil may be obtaine<l by hydrolysis (Kssex, 
Hibbert, and brooks, J. Amer. Cheni. S<ie. 1010, 
3H, 1308). Another iiK^thod (tonsists in heating 
the chlorides with niet liyl ahiohol and a forroat^i 
under pressurt* at 140'' -UM)'' (Brooks and Esst^x, 
U.S. Pat. 1221007, 1017 ; Pyman, Ueports, &c., 
1017, ii. 471). 

Ddertion oj fusil oils —When a Hainj*le. of 
spirit is poured on biter jiajsir or on the hand, 
and allowed to evaporate spontaiKiously, the 
eharacU'ristic sulTi>cating odour of fusel oil may 
bo riMSOgnised towards the close of the evapora¬ 
tion. So small a quantity as part of amyl 
alcohol in gin may thus be detiaded. 

On dissolving 1 gram of caustic potash in 
150 c.o. of the spirit, concentrating slowly to 
15 C.C., and adding an equal volume of dilute 
Rulpburic oeul, a uciwerful odour is given off, 
which is frequently sufficiently distinctive to 
show the nature of the mash from which the 
spirit was obtaiiu-d. Hctali (Per. 8, 72) a<ldB to 
the alcohol (5-7 volumes of water, and agitates 
with sufficient chloroform to produce a small 
layer on sulwidimco. This layer is ilrawn off 
and ovaporati'd, and the msiduc is ttw1-<(d by 
digestion with potassium acetate and sulphuric 
acid. In presence of fusel oil the cliaraeteristic 
pear-like odour of amyl acetate is olwervable. 

Marquardt dilutes 40 c.c. of the spirit with 
sufficient water to raise the density to about 
l)‘U80, and agitates the mixtim' with 15 e.e. of 
pure chloroform, which, after settlement, is 
drawn off, shaken with an equal volume of 
wat.cr, and evaporated spontaneously. The resi- 
• due is trciated with a little water, one or two 
drops of sulphuric acid, and sufficient of a strong 
solution of potassium permanganate to ensure 
that the li<piid shall remain rt'd after standing 
for 24 hours in a closed tube. The odour of 
valeric aldehyde is freriueiit-ly noticeable shortly 
after the addition of tlio permanganate, but the 
characteristic smell of mferk acid, on which this 
very delicate test is hosed, is not appreciable 
until after standing. 

Deierminalion .—Fusel oil containing not 
more than 15 p.c. of proof spirit is allowoa to bo 
delivered from distilleries in the United Kingdom 
or to bo admitted on importation from abroad 
duty free. 

Numerous methods have been suggested for 
the eetimation of ethyl alqphol in fusel oil, but 
'none is free from objection. The following 
method can bo recommended as l>eing sufficiently 
accurate for all practical purposes. 

75 c.c. of the sample, witn 150 oc. of water, 
ore shaken vigorously in a separator (A) for 
4 or 5 minutes, and allowed to stand. If an 
fwanlsion iorms, a few grains of salt are added. 
'The aqueocifi layer U ^wn off into a second 
separator (B) saturated with salt, and extracted 
with 150 e.o. of petroleum other. The brine 


l^er is then drawn off into a third separator 
(C) and extracted with a further 160 o.c. of 
petroleum ether, and the brine run off into a 
distilling flask. 

The oil remaining in (A) is treated a second 
time with 150 c.c. of wate^tho aqueous layer 
drawn off into the jietroloum otlier in (fe), 
saturatrcd with salt, and extracted. The brine 
layer is drawn off into ((') and there extracted 
with the petroleum ether, from which, after 
separation, it is run into tlie distilling flask. 
The procedure dcscribeil in this paragraph is 
then nqieated. 

TIh^ 450 c.c. of brine are distilled and the 
first 75 (\e. of distillate colh'ctod. This portion 
IS saturated with salt and extracted with 150 c.c. 
petroleum ether. The brine is nin off, distilled, 
75 c.c. collected, and the H|>e(‘ifio gravity and 
refractoineter (Zeiss immersion) reading of this 
fraction ilotermined. 

The refraction will be somewhat higher than 
that of ethyl alcohol of the same density. The 
difference is multiplied by tlie appropriate 
factor (Id is taken in ordinary eases), and the 
product is deduet<‘d from the jiercentago of 
proof spirit, as deduced from the density of the 
distillate. 

The aceurate estimation of fusel oil in spirit 
is extremely difficult. A very rapid and simple 
process introduced by Trauhe is said to give 
satisfactory results where great, accuraiiy is not 
required. The specibc gravity of the spirit having 
boon determined, sufficient water is added to re¬ 
duce t)u‘ proportion of alcohol to 20 p.c. The 
liquor is sucked up and allowed to fall a few times 
in a carefully dried, thin-sjded capillary tube, 
20 cm. long, and about 0'8 mm. in diameter, 
fastened io a graduated scale, and terminating 
at the zero in two points, wliich are set by a 
stand moved upon scivws, to the surface of the 
liquid in the vessel into wliieli the capillary 
tube dijis. The height to which the liquid rises 
decreases with a rise in the proportion of fusel 
oil. From the olwervcd height of the liquid in 
the capillary tube (tx'inperature 21®), the per- 
oontage of fusel oil may he oseert-ained from the 
following table ((Jiraru and Cuniasse, I’Analyse 
dee Alcools) :— 


Heigiit lu 

P.c. of 

Height In 

p.c. of 

tube 

fusel oU 

tube 

fuBcI oU 

63'1) mm. 

0*0 

48*86 mm. 

O'fl 

527 

0*1 

48*20 

07 

51*85 „ 

0*2 

47*45 „ 

0-8 

51*0 

0*3 

46*75 

09 

60*3 

0*4 

46*15 

10 

49*6 „ 

0-5 




This procees is eaid to be largely affected 
by accidental conditions, euch as temperature, 
moisture in the tube, &c., and by the presenoe 
of nitrobenzene, oils of peppermint, fennel, 
orange, and canaway, amyl acetate, kc. 

Further information on this process is given 
by Trauhe (Bied. Zentr. 15, 659; Ber. 19, 8^ ; 
Cfaem, News, 53, 302; Bep. Anal. Chem. 6, 
C59); Stutzer and Beitmair (^id. 6, 606); 
Dingl. poly, J. 268, 126; and Girard and 
Cuniasse. 

An improved apparatus, which he calls a 
sUtlagmomder, has oeen introduced by Ttaube 
(Ber. 20, 2644) lor this estimation. Toe liquid, 
diluted as above to 20 p. 0 ., is SUed to a mark 
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ia A vessel, and is allowed to fall drop by drop apparatus is then allowed to stand for 10 or 15 
through a capillary tube at the base of tlxo j minutes in the water>bath at 16®, with occasionid 
vc^l, the number of drops in a certain time i turning to hasten tho separation of the regents, 
being noted and com])ared with the number of | and tho volume of tho chloroform is not^ 
tojw of pure alcohol of the same strength failing ; The apparatus is then thoroughly cleaned 
in the same time from the same apparatus. | and dried, and tho operation repeated, using the 
A smaller proportion of fusel oil than 0*05 ]>.c. distillate from the sample instead of the ihisel- 
may thus bo determined. , free alcohol. An increase in tho volume of the 

The following table serves to indicate the ■ chloroform is observed due to the fusel oil 
percentage of fusel oil corrosjujiiding with the present, ami this diffortmee, multiplied by the 
number of drojw observed (C«irar<l and factor 0 (»G3, gives tho volume of fusel oil in 
Cuniasse):— ! llM.) c <•, or the percentage of fusel oil by volume 

Kumber F.c. of i Number I’.c. of in tluj 3U p.c. distillate. This is then calculated 

of drops fusel oU ' ’ . . .. 

100 0-0 

101-8 01 

103*0 0-2 

105*0 0-3 

100*3 0*4 

107*5 0-5 

If the tcniperaturo of 
lower than that for whit 
boon cahbrated, tho number of drops observed oil in JOO c.c. of tlie 30 p.e. distillate is, therefore, 
is increased or dirniniHhcd by 01 drop for every 0*20x0-003 —0*1320 c.e., and the percentage of 
30 dro|)s for each degitio of difTerence. fusel oil by volume in the sanijilc (50 p.c. alcohol 

Another process, lirst intioduced by Kosc by voiu^n(^) is 0 I32() x 50^-30—0-221. 

(I'harm. (-(uitr. 1880, 0)} depends on the altera- In Franee, the oflicial method is that of 
tion produced by the j)ro8en( c of fusel oils in the Sainllc as modified by (Jirard and Cuniasse, and 
solubility of 50 p.c. alcohol in chloroform, and is based upon the depth of colour obtained by 
is said t/O be scarcely affected by tlic boduis tho action of strong Rulphuric acid upon the 
which inlluonce the results obtained by’rrau he’s higher alcohols. Tho method, which at b^t 
method. This process, which is official in gives only comparative results, and these only 
Germany and ywitz<'rland, has been modified when conducted under conditions so strict as 
at various turns by Stutzer, Reitmair, Hcrzfeld, to be almost unattainable in practice, is as 
Windiseh, and others {vide Zeitsch. anal. (-hem. follows :— 

34, 1805). BromwcU’s modification of Rose’s 60 c.o. of the brandy, after distilling to free 

fusel-oil apparatus {r. U.S. Dept. Agrii;, Rur. of from colouring and extractive matters, and 
(.Jhorn. Bui. 4(>, 50) consists of a pear-shajied bulb adjusted to contain 60 p.c. of absolute alcohol, 
holding about 200 c.c., stojiporod at tho upper are jilacod in a flask of about 250 c.c. capacity, 
end, and having at the low’er end a graduated and 1 gram of metaphcnylenodiamino is added, 
stem of about 4 mm. internal diameter loading together with a little pumice, 
to another bulb of about 20 c.c. capacity, and Tlic flask is adjusted to a reflux condenser 
terminating in a tube provided with a stop-oock. and the contents boiled gently for an hour and 
Tho narrow stem is graduated in 0 02 c.c. from then allowed to cool. The contents of tho flask 
20*0 to 22*5 c.c. are then distilled to near dryness, and the 

Fusel-froo alcohol is first prepared by distillate made up to the original volume of* 
fractional distillation over caustic alkali to 60 c.c. with a few drops of distilled water, 
resiniso aldehydes, saponify esters, and saturate 10 c.c. of the spirit thus prepared are placed in 
acids, and is diluted to exactly 30 p.c. by volume a thoroughly clean flask ofabout 76 c.c. capacitv, 
(sp.gr. 0*965 at 15*6°); a quantity of chloroform and 10 c.c. of pure concentrated sulphunc acid 
is dehydrated and redistilled, and a solution of are carefully run into the flask so that it forms 
sulphuric acid of sp.gr. 1*2867 at 15*G® is pre- a layer under th(! spirit. Tho contents of the 
pored. flaak are quickly mixed and heated over a 

Of the sample under examination, 200 c.c. Bunsen flame, with constant agitation for 16 
are taken, made alkaline, and distilled until seoonds after the commencement of ebullition, 
about 175 c.c. arc over. After cooling, 25 c.c. The liquid is set aside to cool, the mouth of the 
of water are added to the distilling flask, and the flask l^ing covered with a small watch-glass, 
^tillation resumed until 200 c.o. arc collected. One or more samples of standard alcohol of 60 
The di.^tillate is diluted to exactly 30 p.c. by p.c. strength, and containing known quantities 
volume (sp.gr. 0*966 at 16*0°), and this, of wobutyl alcohol (60 mg. or loss per 100 c.c.) 
t(^ethcr with the Rose apparatus and the flasks are treated in exactly tnc same way. When 
ooutaining the reagents (fuscl-froe alcohol, cold, the Coloration given by tho sample under 
chloroform, and sulphuric acid), is placed in a examination is compared with those given by 
water-bath kept exactly at 16° until all have the standard samples. 

acquired a uniform temjieraturo. Beckmann's method depends upon the 

The apparatus is then filled to the 20 c.c. separation of the iuglu^r alcohols from the 
mark with chloroform (through tho lower tube spirit by means of calcium chloride and carlK>n 
®**ction), and 100 c.c. of the fusel-free alcohol tetrachloride, tho conversion of tho hig}u>r 
Mid i c.c. of sulphuric acid added. The appara- alcohols into their nitrites by tho action of 
^ IS inverted and shaken vigorously for 2 or sodium i^trite* and sodium bisulphite, removing 
3i^ut«e, the stop-cook b^ig momentarily the excess of nitfuas acid with s^nm tHcwrboo- 
optoed once or twice to equalise pressure. TimJ ate, decomposing the nitrites with solplittslo 


by volume in tho 

iH!!» II - original sample according to tho alcoholic 

strength of the latter. 

I II'S example, in a sample containing 60 p.c. 

: j ' of alcohol by volume, the increase m tho cbloro- 

‘ ^ form volume with the distillate from tho sample 

dilutctl to 30 ]).c. being 1 •62 c.c., and that in 
tlio spirit is higlicr or the fuscl-frcc alcohol also at 30 p.c., 1*42 c.c., 

h tho inKtrurnciit has the difference is 0*20 c.c. Tho volume of fusel 
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*0i4» Mui fU titfAtioc of llw nitfouB acid thw I 
obWdnwl wiib pf^rnumganato. 

The dotoile of thw piucunB are ae iollowa | 
to W e.c. of the Hpirit. after diatillatioD to ' 
free it from luiy uoluuni^g or oxtraetive matter., 
oiu token and <liliited with woter, so that the 
mixture eijall c^pnUm iK^t ;noro th&n 20 -20 p.c. 
of aLmoiuto a]<’o[u) 1. The Hoiution u tneo 
ijjiturat4trj with oodiuin or ('u.luiuiQ ehiorido, Mid 
oxtTKoted four tuuun itoi cowivuly hy vigurouuly 
ehakiDA witii 40 26 Csu.. 26 c.c., ami 10 c.c. 

of OA^n tutmohioi'idr. Tiio carfion Lultib- 
ohlohdc are ntixed, tuid tkion woahed 

thr(« ti 01021 MU[»ic(Uiiv(ilY hy Hhakmg with 60 c.r . 
26 U.G., and 26 c.e. {rf KatoniUul >*alt HoluLion, and 
onco With 26 c.c. id rated Kudium Hulphatu 
tioiutioD. The wni^iilnipi of unch are oxtract^'d 
with 26 c.c. of fn'Mh cnviMin totniehiuride, and 
tbiH after iiO|iara.Lk(in ia odeJud U) tho iiivt carbon 
totraoliloridc exiiuet. Tbo inixod carbon tetrO' i 
cldoniio soil! lion ii ihuii ciriud by uliaking vigur* 
ouoly with finwikly hoalod uafciuiu uhioridu ni 
powder. 

To the drinl tctraeldorido suliiUon 2 grama : 
Bodium nitrite and ‘i gratus of aodiuin bi- ' 
HtdphiU) uTo mhJoil, and tlko mix turn ik Hhakcn 
oooANicinally during iiu iiuur It in then lillertid 
through gl^ti wuoT. and to the liUmte It graulB ' 
of mKhum bicarbiiiuito are oilded, und the ' 
nuxturo dhaktm (K-eoahmalfy during half on 
hour. Then 21) c.c. of water are added, and the 
whole gently iili,uku]i nnd aUuwod lo nlajid till 
the mixture aepaiat-i^ into two Uyoni. The 
oeporatod carbon U'tra4.'h1oridc in then run o€. 
To the roDiAindor, U> e.c, ol jmre eoncoutratod 
Bufphuhi: ucid are added ; Aud^ after aJiaking 
gently to mix. the mixhm> ia poured info 100 c.e. 
ol ioc-oold waf4«r. Tliii eolutinu tiiiw formod ia 
titrated with standard pormangonjito (1 in 1000) 
until the pink colour Lwooraca jiormiiuent. (Tbo 
end Traction in not very abaqt.) 

(Ui.a Mrmangkvnatc Kolutioii=0 00278 gram 
omy] oloohol.) 

According to Sidildmwitx (n. in/rrt), this 
method, oe pubJinUod. ia unroliubh'. owing 
rhioily to the extraction of otliyl alcoliol by the 
carbon tolraahlo^idl^. 

Tlio bat inotbod hitherto euggeated ih that 
of Moiquardi, oa iQodillod by Alien and l^chi* 


drowiU. It ix baaed upOQ tbo oxidatioii of tbo 
bighw olcobola into cotreapoD^n^ ocddit 
Rod tho eetimatJou of tho Uttw ^ titnUoa 
or by converting them into and weighing their 
barium ealta. 

The extraction ie carried out ea in the 
Ifcckmozin jiroor»^ juAt deecKbed. To the 
waahod cMbon tutrochlonde solution 6 grama of 
pure powilercd potajieium dii^hromato, 2 c.c. ol 
conoontrated aulphurlu acid, and 10 c.o. of water 
uro aildud. Tiie mixture m Hhakcn and gen% 
iioilcd lor 8 houm under a reflux condoiiBor. ft 
I la cuulcdf A little puiuico and 6(1 c.c, of reoently 
I boiled diatilled water urc added, and it le then 
distilled to near dryness. The I'usiduo ia coolod, 

. 60 e.c. water added, uiid Jigaiii diBlillod. 

Tlio diHtillaUvi lU'r m'wt.'d and titrated with 
N/ill-barytJi Holiilinn. fiiut witJi lUcthyl oran^O 
LUi mUiral.ori uiid then with iiliiMiolphtholmn. 
i I'be tu'jrl indii'af<'d by tbo metliyl orange ie 
regarded ua ^ uiintTiil ncnl,' uiid liie dllferenoe oe 
urg^mii' ueid. wliKb la cidculaUd into amyl 
abiohul by multiplying tbo iiuinlMT of v.c. of 
N/lO-baryta BoiuUou by 0*0088, and the figure 
indii-aluig the dilution of the nieoliol, 

'JV] (il^iu the eoDibining weight, tho t^olutiou 
cunLaimiig Uio buiiuni sidt of the ueid is ueparotod 
from the imrbon tetrachloride, ov&poratod^ 
iiltiirod, and finidly dried in a platinum capiulc 
and weighed. Tbo woiglied residue is ihon 
treated With a Klight cxceitf of aulpiiuric add, 
again evaporated, and the Iwrium bulphote 
Ignited and wotgbud. From the weights lound 
tJiu combining weight of the odd w calculated. 

Tly iliia metlKm abo eoiuo ethyl aloohol la 
. oxtrauted by the carbon tctraenlorlde, but 
apparently it doea not appear as aeoti<; acid after 
oxidation, and. acetirdmg to'Kchidrowite, the 
oiFoet attnbated to ' niincral acid' (of the 
prcociicc of which tlicre in no proof) may be due 
to Komc action betwocn the iticlbyl oraiigo and 
: certain aUpliatic acids pmiesit. 

I (For u detailed cxiticifiin of the hiet thzeo 
luoibods deecriU^. •'re SohidrowitR and Kaye, 
Analyst, Juno. hK)5, and June, l!)(Kj.] J. 0, 
FuSTlC, YOUNG, v, VoVKO yu9Tic. 

PUSTm t. GLucoBrt>«9; also You^a 

i FUSTIC. 

j Yusm TANNATB it Youno rusm 
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G'A^D. 2''Ni>|i1itLul'6 ’ tt'diftuljilioiuu acUI. oaUod a norite. The mgre acid (juaiti'gabbfo 
GABBRO* A liolooryataUino igoeow rw'k foroiB a iiwwin^ to diorite, wlulet tho moK^ 
oonpoBod fMontially of baeic plagioplasu-fclHpar baaic i^yuN-gabbro grad^ inio tke peridotitaa. 
Mid aagite^ and coDtauiing Icea ihaa about rook is urk grey, black, or gnMush-UiMk 
GO ^Ci o{ ^ioa. It ia tbt plutonic tn^uivatant tn colouij mediAun to coacao ginned In taxtorcig 
ol xh» finM-granod dolerilo and basalt, having and vary hard. Sp.^. 2'f^'O (weighft par 
ctystoUiaad Slowly under oomidorablc ptteantc cubic foot 170-100 Im.); emh^ rtrao^ 
from largo bodtee of inolton material within the 040-2200, averaging 1830 tons per sq. ft, 
aatih'i emit, llie fol^r is tbA aoda'iimo Analyaia X of ohvino^bbro mm Skye; 
laintdorite or the linig-febipar anoribitei the ^o Cr,0. tram (W, raUrd, 1900). H, 
M|gita it uinaliy the laminaU^d diallige variety; ollTioe-gabbro from Liaaidt Gomwatt; aliO 
atgatlte, inm tsw (magnetite and ilmenite} am Grt<^ 0<18, VjO^ OrQH, lAtO tmoe, oil 
ua«al^ p w eent in email amount. When (he (B. G. RaiUey, 19l9k 1XI« Qwta>gabto fate 
rbommo pytozaie hypemtfaoe li vAaent in Cteroek Tali (0. Bartow^ IB041 Iv» Kent- 
addition to plagioolaio and 4a rock ii allnltie from Kenftttmi, 
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Gabbro loiuu large mauece and ia of wide 
dietributiun, occurring, for example, in the 
Highlands of Scotland, Lendalfoot m Ayrshire, 
Carrock Fell in Cumberland, North anc{ South 
Wales, the Lizard district in Cornwall, and in 
GueruHuy. Owing to its dull colour and difli- 
oulty of working, it is not very extensively 
employed as a building stone ; and it is reputed 
not to weather well, especially those varieties 
oontaining more felspar. In the trade it often 
passes under the name of ' black granite ’ 
(on the other hand, the trade name ‘ Norwegian 
gabbro ’ is sometimes applied to the augito- 
syenite—laurvikito—from the south of Norway). 
Medium-grained varieties are used for road 
metal and paving-sets. Olivine-gabbro is 
extensively quarried for export at Herrestod 
near Karda in prov. Jonkoping, Sweden, and 
on the Pleasant river near Addison in Maine. 
The ‘ black granite ’ of the Kontallen quarries 
in Aigyllshiro is a dark bluish-grey, medium* 
grain<^ alkah-gabbro containing ortboclase, 
olivine, and biotite in addition to the usual 
oomtituents, and has been named kcntallenite. 
It ^ used principally for paving-sets, and on a 
polished suiiaco it displays bright pla^ of mica. 

Gabbro takes a good polish and is sometimes 
used for ornamental purposes. The dioUage 
often displays a metidlic sheen, and in the 
gabbro of Volhynia and near Kiev in Russia 
the labradorite sometimes shows blue reflections. 
Coarse-grained gabbros when partly altered 
show the light- and dark-ooloured minerals in 
marked contrast, and have been used as far 
back as Roman times os ornamental stonw. 
In some cases the felspar is altered to saussurite 
and the dialls^e to ememld-greon smaragdite, 
the rock being then known as euphotide; this 
beautiful ornamental stone occurs in the Alps, 
Corsica (‘Verde di Corsica’), and Elba. A 
dark-coloured orbicular gabbro from Dehesa, 
San Diego Co., California, has also boon used os 
an ornamental steme. 

M^matic segr^otions of iron-ores, metallic 
sulphides (niokoliferous pyrrhotite and copper- 
pyrite), and apatite sometimes occur in con- 
neotion with gaobro masses. L. J. 8. 

GADUflHB V. PTOiulNsa. 

G^UinT& A rare mineial consisting 
of silicate of yttrium earths, glucina, and fertoS 
^>^«M8i,OiQ. Analyses show about 
^ y***^®“ earths of molecular weight 
; the aamunt of erbia has been sepa- 
determined as I0*-i6 p,c. It oooun in 


mnoh larger mnmm ^n the other rare-earth 
minerals, forming rough, hlaok, and opaone 

S tals, sometimes exoMdIng 20 kike, in \i^Bt. 

crystals are monoolmio with an ortiao* 
rhombic aspect; but in thin seotioiis the 
material is optically kotropiG. When heated, 
the mineral suddenly glows brighUy, a molecular 
ttonsformation taking place; the material then 
becomes optically birofringent, increases in 
sp.gr. (from 41-4-4 to 4*3-4'7), and charges in 
colour (as seen in sections) from greenish to 
i^dish. GaduUnito occurs in some abundance 
as masses of considerable size in pewmatite 
veins at a few localities; notably, at Yttwby 
and near Fahlun in Sweden ; in the f^por 
quarrioH of Kretersdalon and HitterS, and ellw- 
when' in the south-east of Norway; in Llano 
Co., Texas, Mohave tk)., Arizona, and Western 
Australia. The locality (Bairii^or Hill, five 
miles south of Bluffton) in Llano Co. has yielded 
masses of gadoiinite weighing 200 los., in 
association with several other rare-earth minerals. 
Tlioso have boon worked for the supply of 
yttrium and erbium earths used in the ‘ glower * 
of the Nomst lamp (W. K. Hidden, Amor. J. 
Sci. 1889, 38, 474 ; 1905, 19, 425). L. J. 8. 

GADOLINIUM, (id « 157 3 (c/. Urbain, 
Compb. rend. 1905, 140, 583). Tliis element 
was first identified by Marignao in 1880, who 
separated its salts from those of other rare- 
earth metals present in samarskite by fiaotional 
prooipitation with potassium sulphate (Arch, 
de Gontvc, 1880, {3J 3, 413 ; (Jompt. i^nd. 1880, 
90, 899). With europium and terbium, gado¬ 
linium forms the small group of terbium metals, 
and as the solubilities of its salts are inter¬ 
mediate between th<jse of the other two members 
of the family, the final separation of gadolinium 
from ihaso olomonts is a matter of considerable 
diflicolty. The older method of separation, 
precipitation by ammonia, crystallisation of 
the oxalates, formates, and double sulphates, 
or combinations of those processes, did not, in 
all probability, lead to the comTilete purifloation 
of gadolinium. Of. Moyer and Muller, Zeitsch. 
anorg. Ohem. 1919,199,1, who liave examined 
theeliciency of the various methods of separation! 
The prosenco of small quantities of terbium is 
indicated by a faint yellow discoloration of 
the colourless gadolinia. Europium is indicated 
spectroscopicaliy in the arc sp^trum. 

Sources. The crude yttrium earths from 
monazite sand, samarskite, ytterbite (gadolitdte), 
xenotime, eeschynite, &c. 

Extraetion and separation of the t^nm 
earths. The first four methods outlined below 
serve rather to concentrate the terbium earths 
than to separate them from one another, gado- 
hnium being the only one of the three whToh is 
obtained by these processes in a moderately 
pure condition. 

A convenient starting-point for Hie seMm- 
tion of*the terbiuA earths is the most sorahle 
fraction of the ammonium or nn^nesium doolda 
nitrate separation of the rare eoHhs. The pee- 
liminary q)iminatioa of the oerite metals 
sodium or pHtaasium sulphate is le«i prelerahk, 
since it involves a co-precipitation of a pOTtlon 
of the terbium group. 

1. Fmcticm^ precipitation toUh ammonia,-^ 
In thia process, terbia accumulates in the tot 
froctioiM, followed suooesdvely by caauuria Mid 
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uodolinia. Accordingly, »aiiiaria is a weaker soluble Battiarium nitrate were separated as well 
base than gadolinia, and this relationship forms as a middle fraction rich in europium. The 
on oxception to the rule that the more electro- solubility of the rare-earth nitrates falls from 
jK)sitive uartiis yiehl Josh soluble double sul- lanthanum to samarium, attaining a minimum 
pimtos and nitrates than the less electro-positive at gadolinium, and rist^ again till it reach^ 
oxides {<:/. Lccoq d(! iloisbaudran, Compt. rend, ytterbium. 

1B90, ill, UtH; Jiottendorf, Annalen, 1892, By a lengthy fractionation of the nitrates 
270, 370; Benedicks, Zoitsch. anorg. (Jhem. from nitric iu;id (sp.gr. 1'3), Domar 9 ay isolated 
1900, 22, 393). small quantities of eurojtium and gadolinium in 

According to Katz and Janica (J, Aincr. a highly puniicd condition (('ompt. rend. 1900, 
(Jhem. Soc. 1914, 3(5, 779), in separating gado- 130, 14(59 ; 131, 343; 1901, 132, 1484). A 
liiiium from samarium by fractional precipitu- further improvement in the separation was 
lion with ammonium hydroxide the samarium elTected by Urbain and Jjacombe (t>. Kueopium), 
would be concentrated in the last fractious, wlio crystallised the double magnesium nitrates 
instead of in tlio early fractions, as stated by of the rai’e earths in the prwence of magnesium 
Boiabaudran and Itenedicks. bismuth nitrate. 

Jordan and llopkms (,l. Amor. (‘hem. Soc. After crystallisation of the samarium and 
1917, 39, 2(514) rocommonde<l lii-st to remove bismuth double salts, the mother liquor contains 
cerium by tlu^ bromate nu'tliod and fi actionally europium and gadolinium, tiie former being the 
orystallise the residue. The less soluble frac- first to separate on further fraetionation. The 
tions contain only «‘urojuum, samunum, gailo- gadolinium is then sejiarated from the other 
linium, and neodyimuni, which are (^onverUsd remaining earths by fractionating the simple 
into tlu^ dunetiiyl jiliosphatos and again frac- nitrates in the presence of bismuth nitrate, 
tionated. Tlie least soluble frai-tions will then The latter salt now causes a separation to occur 
consist mainly of gadohimmi. The Just traces between gadolinium and dysprosium, the middle 
of samarium can be removed by preiipitatiou fraction consisting of bismuth aud terbium 
witli sodium glycollate. nitrates In this way, gadolinium is com- 

2. FracUoml cryfilalliHutwii uj the ttodium avd pletcly {ree<l from terbium, dysprosium, and 
f^Umium double .sMf;Juitrs.—Jn isolating gado- erbium earths. Tin; fractional crystallisation 
liiiia from Hamarskitc, Marignae (/.<:.) separated of the. nickel double, nitratea of the terbium 
the less basic constituents of the yttrium earths earths lias led to a similar separation (c/. (binpt. 
by partially docomjxwiiig tlie nitratiw, dissolved rend. 1903, 137. 5(58, 792 ; 1904, 138, 84, (527 ; 
the oxides, consisting chutily of yttna, samaria, 139, 73(5 ; l‘.M)5, 140, 1233; 141, 521). 

and the terbium earilis in nitric or hydiochloric Tlie best starting materials for the prepa- 
acid, and precipitated fractionally with potas- ration of gadolinium compounds are euxenite, 
sium sulphate solution. After a systematic samarskite, or (lie monazitc residues, beginning 
course of fractionation, lie obtained the following with several kilo.s. of material, 
four fra(5tions m doseending order of solubilitv : The following inetliod of procedure is i*ocom- 

(i.) yttrium, terbium; (ii.) gadolinium, purified by mended for the purification of gadolinium corn- 
further fractionations with potassium sulphate ; pounds: (I) If the rare earth mixture contains 
(iii.) samarium, didymium ; (iv.) didyinium {cf. little cerium earths and much yttrium earths the 
l>olafontaine, Areli. do Geneve, 1878, 61, 273; gadolinium is separated with the cerium earths in 
Ann. Chiin. 1878, [51 14, 238; l^coq do Bois- one operation by the potassium double sulphate 
baiidran, Compt. rend. 1883, 97, 14(53 ; Betten- methoiL (2) It the mixture contains much 
dorf, I.C.). cerium earths the major portion of these is sepa- 

3. Fractional cryatallimtion of formates and rated by the double nitrate method. In oitner 

bzalates. —The sparing solubility of the formates cose a fraction very iiiucli richer in gadolinium is 
of the terbium group has been utilised in the obtained. This is converted into the bromates 
separation of these luetiUs, thi«io salts separating and the yttrium earths removed by fractionation, 
as white microcrystalUne jxiwders from the ITio yttwbium earths first pass into the mother 
concentrated solutions {cf, i>elafuntaino, lx.; liquors, then follow the erbium earths, and last of 
Marignac, l.c. ; Hofmann and Kriiss, Zeitsch. all yttrium. It is essential tliat the yttrium 
anorg. (Jhem. 1893, 4, 27 ; Feit, 1905, 43, should be removed at tliisstage, for it is scarcely 
207). possible to separate it at any of the remaining 

The terbium earths can also bo separated stages. The main fraction contains samarium, 
from erbium and yttrium by precipitation with gadolinium, neodymium, terbium and europium; 
oxalic acid m nitric acid solution (Marignac and it is converted into acetate and fractionated, the 
Dolafoutaino, l.c.). fractionation being combined with the fraction- 

4. Fnictional crifsialli&Uion of the ethyl sul- ation of the double bismuth nitrates. The cerium 
•phates .—The systematic crystallisation of the earths are rapidly separated, and a brown 
ethyl sulphates of the rare earths from water or mixture of oxides, containing gadolinium and 
alcohol leads to a separation of the three jiiinci- terbium is obtain^. Those salts are rapidly 
pal proupi; cente earths, Svirbium oaifl^, emd separated by fractional precipitation with am- 
yttnum eartlw, arranged in descending order of monia (Meyer and MuUcr, Zeitsch. anorg. 
solubility (Urbain, Ann. Gliim. 1900, [7] 19,184). Chem. 1919, 109,1). 

5. Fracliemal enfstaUiscUion of the mtr^es ,— CotD|K)U&d5. The oxide and chloride of gado- 

The more complete separation of^ tlie con- linium are colourless ; the solutions of tko latter 
siituents of the terbium group has Inxm accom- have no selective absorption in the visible r^qn 
plished by the use of the nitrates and double of the spectrum, but show four strong bandi in 
nitiEtes. By fractionating the nitrates of the ultra-violet end. (For spark-speotoom, v. 
terbium earths containing samaria, Che sparingly Compt. rend. 1890, 111, 472; 1896, 122, 728; 
soluble gadolimum citr^ and the more readily 1900,131,343; 1905,1^, 12^; 141,521, ; 
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Ber. 1901, 34, 1^460; Ann»leii, 1891, 263, 164. 
For arc-Bpectrum, v, Kberhard, Zeitsoh. anoro. 
Chem. 19o5, 45, 394; £xner imd Hascbek, Die 
Wetleiil&ngen der Bogeiwpektra, 1004.) 

The Bpcctrum of gadolinium contains soron 
groups of lines which arc characterised by con¬ 
stant differences between the wave-lengths of 
corresponding members of the several groups 
(Poulson, Physikal. Zeitsch. 1915, 16, 7). 

Gadolinia {OadoUmum ocidc) Gd^O,, a white 
amorphous hygroscopic powder, absorbing carbon 
dioxide from the air ; sp.gr. 7*407 at 15 . 

Gadolinium chloride and bromide GdCls.bll.O 
and (MBrj.OHjG, soluble deliquescent salts, the 
former yielding the yellow double chlorides, 
GdClj PtCU, 1011 ^ 0 , and GdUa AuOla.KHf.O. 

.Gadolinium fluoride OdF,, a white'gela¬ 
tinous precipitate becoming granular on heating 
on the water-baths somewhat soluble in hot 
hydrofluoric acid. 

Gadolinium cobalticyanide 

G.I,(Go('eNe),9H,0 

Sparingly soluble m 10 p.c. solution of liydio- 
chloric aci<l. 1000 jiarts of saturaU'd solution 
contain I ‘HO part of the salt. 

Gadolinium platinocyanide 

2(M{<'N)3-Pt(CN),,1811,0; 
separates in red rhombic crystals with a green 
reflex ; it resembles the isomor|)hou.s platino- 
cyanidos of yttrium and erbium, and diflers from 
the corresjionding double salts of tlie cerium 
groim, which are yellow with a blue reflex. 

Gadolinium nitrate (*d(N() 3 ) 3 ,(;H 30 or 5Ha(), 
m.p. 91''~92°, is of all the nitrates of the rare 
eartlis the least soluble in nitric acid {rf. I)e- 
rnar^ay, Compt. i-orid. 1900, 1.31, 343; v. Lang 
and Haitingcr, Annalen, 1907, 351, 450). The 
following double nitrates : I 

2Gd(N03)3-3Mg(N03)3,24H.,0 
and 2 Gd(N 03 ) 3 ' 3 Ni(N 03 ) 3 , 24 H 30 , have been 
utilised in the isolation of gadolinium ; the 
former melts at 77®. 

Gadolinium sulphate (id 3 (i)() 4 ) 3 , 8 H 20 sepa¬ 
rates from hot solutions in monoelinic crystals, 
isomorphous with yttrium sulpliatt*. 

Gadolinium hydrazine sulphate 

separates in colourless, sparingly soluble crystals 
when a solution of the mixed sulpha to is boiled 
for some time. 

Gadolinium sulphide Gd^Ss, a yellow hy¬ 
groscopic mass, ep.gr. 3*8, is produced by heat¬ 
ing the sulphate in hydrc^cn sulphide; it is 
slowly decomposed by water. 

Gadolinium acetate Gd(H 3 C, 03 ) 3 . 4 H ,0 
forms moderately soluble trielinic crystals ; the 
Oxalate Gd 3 (Cj 04 )„ 10 H ,0 separates from nitric 
acid solution in monoclinic crystals (v. Brauner, 
Chem. Soc. Trans. 1898, 73, 951); the Malonate 
Gd.(HjCg 04 ) 38 H 3 () is obtained in refractive 
yellow needles (u. Erdmann and Wirth, Annalen. 
1908. 361. 190). 

Dltnethyl phosphate, long, white needles, 
solubility 23*0 at 26® and 6*7 at 95®. 

For other salta of gadolinium, see Bissel 
^d James, J. Amer. Chem. Soc. 1916, 38, 873 ; 

Griinkraut, Zeitsch. anoig. Chem. 
1913 , 79, 306; Armstrong and Ro<&, Pjw. 
Roy. ^ 1912, 87, 204; Kate and James, 


J. Ames. Chem. Soc. 1913, 35, 872; Morgan 
and James, ibid, 1914, 36, 10. Q. T. M. 

GAHNITE or iUMC-SPINElu Zinc aluminate 
ZnAl 204 , crystallised in the cubio system and 
boloi^ing to the spinel group of minerals. 

I According to the formula it contains 44*3 p.o. 
ZnO (35*6 p.c. Zn), but this is usually parUy 
' replaced isomorphously by ferrous oxide, 
i manganous oxide, and magnesia, whilst the 
; alumina may bo partly repliu'od by ferric oxide. 
The mineral usually occuis as grey or dark 
, greenish-black, opaque octahedra. 8 p.gr. 4*5- 
4*9; H. 7i-8. It occurs as crystals embedded 
: in tale-schist at Fahluu in Sweden, and more 
abundantly in crystalline limestone with other 
zinc ores (willemitc and franklinito) at Franklin 
I Furnace and Sterling Hill in Now Jersey. It 
is also found at Bodcnmais in Bavaria (with 
nynrhotite), in Massachusetts, and a few other 
, localities ; and has also bct'ii observed in the 
i muffles of zinc furnaces. The mineral was 
1 named in 1807 after the Swedish chemist, 

J. G. Gahn (1745-1818). L. J. S. 

GALACTIN Gums. 

GALACTOSE V. (Jaiujohydrateh. 

GALAFATITE. An alumimum potassium 
sulphate, named after the discoverer, found, 
amongst other places in Spain, at Benahabux 
iK^ar Almoria, where it occurs in parallel veins 
from 5 to 0 mm. thick. It is white when 
pure, has a sp.gr. 2*75, and hardness 3*5, It 
is treated by calcination, followed by lixiviation 
with water, whereby a solution oi potassium 
sulphate and a residue of nearly pure alumina 
are obtained. The calcined ore contains 
65-70 p.c. of alumina and 25-30 p.c. of potas¬ 
sium sulphate (Preuss, Eng. and Min. J. 1911, 

91, 261; J. Soc. Chem. Ind. 1911, 30, 282). 

GALALiTH or ERINOID. Artificial horn 
prepared by the action of formaldehyde on casein. 
Skim milk is treated with caustic alkali or alkali 
carbonate, the casein is precipitated by the 
action of rennet, pressed, impregnated with 
formaldehyde and dried (J. Soc. Chem. Ind. 
1909, 101). is used as an insulator and as a 
non-inflammable substitute for ivory, amber, , 
tortoise-shell, coral, bone, ebony, &c. Is cm- ^ 
ployed in electrical work, for aeroplanes, in 
the manufacture of buttons, pianoforte keys, Ao. 
(see Casein). 

GALANACK. A mixture of sulphur, tar 
and oil used os a cement or lute. 

GALANGA ROOT. Galanga root is the 
rhizome of Alpinia officinarum (Hance), and is a 
native of China. It is employed in the form of 
a decoction as a remedy for dyspepsia. 

Galanga root was first examined by Braudes 
(Arch. Phai'm. [2J 19, 52), who isolate from it 
a substance which ho named kaompferido, but 
this, according to Jahns (Bcr. 1881, 14, 2386), 
was a mixture of three substances, kaempferide, 
alpinin, iy).d galangin. The subject was later 
examined by Gordi^ (Dissert. Borne, 1891), 
and by Ciamician and Silbor (Ber. 1899, 32, 
861) and Testoni (Gazz. chim. ital. 1900, 30, it 
327), and it*is now clearly demonstrate that 
galanga root lontains kaempferide, galangin, 
and gaianmn monomethylethor. Accotding to 
Testoni, the alpinin of Jahns is a mixture of 
galangin and i^i^feride. 

Kwmpjeride OjaHisOc consists oi yellow 
needles, m.p. 227®-2^®, soluble ia alkaline 
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•olotiuns with a yellow colour. Sulphuric acid 
giTOB a blue HuorcHcont ycl*"* 
rriacetylkamferuk 

oolourleea nocdl«. m.p. 193->-l^ ‘"“f 
and Silbor and Testora) (c/. also Jahra), (r^ 
bmzmjUwtnpfmde OuH.OjlCjHjO),, in.p. 177 
178° ('I'cBtoni), kcempjeride dtethyldher 

(Twtoni), yellow neodloH, m.p. l37"-i:ty°, and 

dihrmk(ympf<'rulc. U.,ll,oBr 2 <'.. y« 1°* 
m.p. 224“-2dS" (decorap.) (.laliiis) have been 
prepared. In tho presence of acetic acid, 
Umpferide yields, by nieara of iranera acids, 
yellow crystalline eorapouinls, and alcoholic 
potaKiiuni acetote gives mmojmlamam kamp- 
hrvh C„U„0,K,H,t>, yellow need c.s which 
is decomposed by boiling water (1 erbn a id 
Wilson, Cheiii. Sec. Trans. 1110,1, S.i, 13b 
Kiompforido in in reality kmiipfcrol nunwmclkyl- 
eihf'r (v. Kostanecki and Ku'/.ycki, Her. 18. I. 
24,'3723) 

,0 


OALANGA BOOT. 

Qalangin moiumelhyldher 
was first isolated from galangn root by 'totow 
lie.). It crystallises 

bright yellow prisms, melts at a^ut ^ , 
»n§ dissolves in strong alkaline solution* witt a 
veUow colour. DiacduhaUniym mommdd^ 
elher C..H„0,(C,H,0), forms yellowish-white 

leaflets, melting at 175 -1 ib . .it.line 

When air is aspirated through an alkane 
solution of galangin nionomethylether it IS 
oxidised with formation of hciizoic oetd and 
phlarixjlitcind (I’erkin and Allison), and therefore 
possosbcs the constitution 
0 


on 


o 


HO 




0 '’''i|” 


110 


,Ni 
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For a detailed doscniitiou of kicmpfurol, «cc 
Delphinium cutixolidu. 

Oalanyin C,tll„OB, the second constituent 
of galunga root, crystallises in ycllowish-wliite 
noodles, m.p. 214”-21.5°, soluble in alkaline 
solutions with a yellow colour. IVith acetic 
anhydride, it gives a triacdyl derivative 
U,.ltdlj(C,H,0), 

m.p. 140 ’-142° (.lalms). and by moans of methyl 
iomilo a dimdhyltihcr CjjllBOafOOHj).^, m.p. 

Galangin gives crystalline coiiipounife with 
minural acids in the prescnco of acetic acid, and 
reacts with alcoholic jiotassium acetate, yielding 
munopoUmaium rjaUuigtii, yollow needlfw (Icrkin 
and Wilson). When fused with alkali, p/itoro- 
gluciiud and benzoic mid arc obtained, tialangin 
is a dihydroxyflavmol 

, 0 


„ , /O OCH, 

"" A. G. 1>. 

GALBA i\ llKsiNs. 

GALBANUM ». Ohm ,, , . , 

GALEGINE 0,11, jN, is a crystalline alkaloid, 
m n (10°-((5°, obtained by 0. Tanret ((.oinpt. 
remi. 1914. 1.58, 1182, 142(1; Bull. Hoc. chim. 
1914 [iv.l 1.5, (113) from tho seeds of (»o(e(/a 
omrndia. It IS opt,ically inac,tivc, and split* 
on heating wd,h barium hydroxide solution into 
eclual nioleeules of urea and 3 -mothylpyrrolidinc. 
The constitution suggested is: 


NHj 

Nil, 


OH, CHMo 
>0: cl/CIl. 
NH 


Galoginc is moderately poisonous (ianiJt, 
Oompt. rend. 1914, 159, 108), and Oalegahna 
occaaionally caused cattle poisoning G. H 
GALENA (Gor. lileiglanz; hr. Online). 
Native lead sulphide (IMiS), tho principal ore ot 
load (8(i-(l p.c.). It crystallises in the cubic 
system, and pwsosses throe directions of p^eot 
cleavage paraUol to the faces of the cube. WeU- 
dcvoloped crystals, with the form of the cuto 
; or oubo-ootahedron, arc not uncommon. The 
, massive mineral is always readily recognised by 
its rectangular stepped cleavages with smooth 
and brilliant surface* and a lead-grey 
‘ smaU broken fragments have the form of cnbM 
or dice. Further, it can be readily scrato^ 

; with a knife (H. 24) yielding a b ack powder, 
OH and it is very heavy (ap.gr. 7-6). Ore into 

and lias been synthesise.1 by v. Kostaneeki and 

Tambor (Bor. 1899, 32, 22(10) by xhe pt«^e of small quantities of silver in 

rfKmtioiv) Bimilar to those onijtloyod in tho ^ P ^ ,_Aia.vnrrVt iifinnllv not 

preparation of ksempferol. 

2 Hydroxy-4:6-dimethoxychalkono 

OCII.i'' 


OH 


-o 


\,Q/C()11 


-OH GH 


1 ’—GO—OH 

WH, 


o 


ffalena is of importance; though usually not 
. more than a few ounces per ton m amount, it 
may reach 1 p.c. It is probably present m 
solid solution as silver sulphide, smee argenrito 
i Ig.v.) is isomorphous with galena. i&am^i| 
' poliriied surfaces of galena by rofieotod b^t 
under the high povvers of 

OOH, Finlayson (Quart. J. Geol. Son. 1910, 68, 3^ 

• was converted into the ooftespondingWanone, was able to de^t fine 

into it* iso^troso derivative. ; running along the cleavage CTMtarfth^^ 

S expound, on boiling with dilute sulphmo 1 This was, hoover, “"Jy 

: S-dimetoox^vonol, which, when ’ taken from the higher “ 

. iSSlJrTfifch hydriodic acid, was transformed j surface waters; s^imena 
' It mordanted j F ^ G<^ 

.(IPOCdIra cloth tho following shades 
CAioMtum Ahmmwm _ rin« 


VNrvmiwn - 

OliyO'yellow. Y^ow. Lemon- 
yellow. 


I iiZ-sh^"n;”;.Hve7^er. F^. ^ 
(Eoon. GeoL- 1917, 12, 297) found that gato 

Hirouv. I 






•peotmeiM oont&imng more eilfrer show evidsaoe 
ot later addition of mby-ailTer, eto.» in the 
form of veinleta. 

Galena oocotb ol^fiy in veins traversing 
rocks of vf^ous kinds, and also filling cavities 
in limestone. It is abundant in all le^-znining 
districts, and by its alteration it gives rise to 
oemssite, anglesite, and other secondary lead* 
bearing minerals. The use of galena for glazing 
pottery gave rise to the names * potters’ ore, 
aiquifoux (Fr.), and archifogbo (Ital.). The 
powdered mineral is used as a cosmetic by the 
natives of Nigeria. L. J. S. 

GALIPOT V. Resins. 

6AUUM. The roots of various species of ! 

S alium have boon employed to some extent for 
yeing red on aluminium mordant, and Bancroft, 
in bis Philosophy of 3*ermanent Colours 
(vol. ii. 303), jpentiuns six of those plants, tho 
roots of which gave an excellent red m this 
manner. More especially lie refers to the 
(iaUum iinclorium, the roots of whi<di, about 
2 foot in length, arc of a dark reddish colour, 
and which were omploytHl by tho French 
inhabitants of (Canada to dyo their cloths red. 

This product is also referred to by Jlellot 
as a speeies of madder brought from Canada 
which pORSCSSiw an exti-emely slender root and 
produces nearly the same effect as European 
madder. 

According also to Bancroft, tho roots of tho 
nearly allied specicis of Aaperula, of which he 
specially mentions the Aspcrula iindona known 
as ‘ Dyer’s woodruff,’ were at one time used 
for dyeing rod instead of madder. 

Of others may bo mentioned tho Galium 
muUugo, Groiit Ladies’ bodstraw or Wild madder, 
Galium verutn. Yellow Ladies' bedstraw, and 
Galium a-parine, the well-known (leaver’s or 
Goose gras®, the two latter of which are common 
to this country. The roots of this last certainly 
give a small amount of dye soluble in alkali 
with a purple colour, and thi^ro seems to bo 
little doubt that all contain dyes which are fast 
to light and of the alizarin type, though they ; 
appear to give a somewhat yellower shade than [ 
alizarin itself. An examination of th^o in case ; 
they yield either anthrapurpurin or ffavopurpurin | 
would be interesting. A. G, P. j 


GALL-NUTS or GALLS or Oak Apples 

{Noix de QaUe, Fr.; GaUen, Oallapfdn, Ger.) 

Galls are excrescences induced op plants by 
the attacks of animals (especially insects) or of 
other plants (cepoclaliy fungi), which stimulate 
plant tissue that is capame of growing and 
cause hypertrophy. When an insect S the 
OTganism responsible, it usually infects verv 
young parts (of roots, stems, or leaves), in wbicli 
it deposits eggs from which there develop inside 
the gall larvsB and eventually matuie insects. 

The oak apples arc thus caused W various 
species of gall wasps {Cynipida). The most 
important oi these are those of north-temperate 
Europe and of the Levant. Of the former, one 
of the commonest on the common oak Quercus 
seaaiflora (Salisb.) and Q. peduncuhia (Ehrh.) is 
^Wttod by (7y»»ps koQari, and is like a yellowish- 
brown marble in size and shape, contains one 
oratral ohambOT, and ex^ntually shows one little 
exit hole through which the insect has eecaped. 

More impor^t are the I<evant galls, induced 
on semkby oaks b^ongix^ to the species Q, 


lusitamea (Lam.) {(}. in/eeforia (Otirtr)], wUoh 
occurs in the iWion extending irom Greeea, 
through Asia Mmor, to Persia. The insect 
responsiblo is HncMa (Htg.); this causes 

a gall by laying an egg in the young stem, which 
thereafter, by cell division and growth, swdls 
into a gall in which the larva (tovelops. The 
resultant insect may die inside the gall, or may 
boro its way out and escape tlirough an exit 
hole. Levant galls are spherical to pear- 
shaped ; the half near tho stalk usually has a 
smooth surface, often inclined to be glossy, 
wiioreas tho distal half is raised into lumps 
which are often conical in shape. 

Tlie Levant gall is very rich in tannin. 
Mancoau found that the dieinical composition 
in percentages was : water I2'05, ligneous sub¬ 
stances 19’2, tannin G8’52, other constituents 
10 * 21 . 

i..evant galls vary in quality according to 
tho region o? origin, time of collection (including 
tho condition as to whet her gatiierod before or 
after the imsects cs(;apc). The best kinds come 
from tho Aleppo district: those gathered first, 
namely, in August or September, are of tho 
highest quality, and are grtnm, but subsequently 
become dark-coloured and harder: those 
gathered somewhat later ore white, while tho 

f alls allowtHl to hang until winter are reddish- 
rown. Three qualitUw of Levant galls may bo 
distinguished; (i.) Aleppo galls, small (2*6 cm. 
in diameter), dark-green to black in colour; 
(ii.) lighter-coloured galls, presenting tho appear¬ 
ance of having been powdered on the surface; 
(iii.) Smyrna galls, larger (3 -6 cm. in diameter), 
usually yellowish in tint. In water, the dark- 
huod galls sink, whemas the inferior lighter- 
tinted galls (even wiien dyed to imitate the 
former) float. 

Galls (oak apples) of tho same typo are 
obtained in Southern Europe from scrubby 
specimens of Quercus scssilijlora (Salisb.) and 
Q. pubescens (Willd.). 

GALLACETOPHENONE v. Kbtovbs. 
GALLAMINE BLUE, GALLANIUO BLUB, 

-VIOLET V. OXAZINX OOLOTTBIKa UATTBBS. 

GALLEIN. Anthracene violet {v. Auzabis Axu 

allied OOLOTTBIHG UATTEBS). 

GALLIC ACID, 2-A:5’TTihydroxyhenzcic add 
C»Hg(OH)jCOOH, occurs in sumach, divi divi, 
Chinese tea, and various other pl^te (Sten* 
house, Annalen, 46, 0; Hlasiwetz and Malm, 
Zeitsch. Chem. 1867, 271 ; Kawalier, J. 1862, 
083; Perkin and Gunnell, Ohem. Soo. Tnms. 
1806, 1307; Easterfield, ibid. 1901, 122; 
Griittner, Arch. Phann. 236, 293). Formed 
from tannin by boiling with dilute sulphuric 
acid, or when solutions of tannin become 
mouldy (Nierenstein, Chem. Zeit. 33, 120 ; Ber. 
1910, 628), or by heating tannin with zinc 
(Iljin, J. pr. Chem. 80, [2) 332). In order to 
prepare it, finely pej^dored gall-nute are mace¬ 
rated for some days with cold water, and the 
decani liquid is exposed to the air and allowed 
to become covered with mould. An addition^ d 
yeaet is advantageous. The g^ic aci^ which 
separates, is purified by reciystaUisatKm from 
boiling water (Wittstein, J. 1853,435; Tiecdumi, 
Zeite(£. Chem. 1868, 222; Scheele and Steer, 
J. 1866, 482>. Heinemann (Fr. Pat. 314i88St 
J. Soo. Chem. Ind. 1902, 416) boils the aqneoMs 
extract d galb with 5 p.o. by weight of euqilmrfo 
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ftcid fur aboat 5 houru. Thu ruactiuii in com* 
piete whuu a drop of thu eolution givos no 
prucipitato with a gelatin solution (f. also Soc. 
Anon. Manuf. do rrod. Chimiqueu ut Pharm. 
J. Soc. Cbem. Ind. 1 i)00, 553). It is soluble in 
3 parts of boiling, in 130 parts of cold water; 
crystallisutf in yilky ncedloeor trielinic prisma from 
water with 1 mol. HjO, which it loses at 120'^; is 
most readily soluble in acetone (Rcwenhcim an<l 
fcichidrowitz, Chom. Soc. Trans. 1808, 882); 
molts at 222 -240''; and when heated to a 
higher teuineruture decomposes into carbon 
dioxide anu pyrogallol (Ilracomiot, Annalcn, 
1, 20 ; Pclouzo, ibid. 10, 159 ; Liebig, ibid. 101 ; 
47 ; de Luynos and KnixTandicw, Zeitsch. Chem 
1,12) 702 ; ThorjK!, riiarni. J. II, [3] 000). fly 
heating equal weiglits of gallic acid and aniline, 
gallanuido is forinod, which may bo used os a 
germicide. It is noii-ioxic. When gallic acid is 
heated with twice its weigijt of aniline, and the 
aniline pyiogallate thus formed is boiled with 
benzene, pure jiyrogallul is (ihtainod (<'azeneiivc, 
Hull. JSoc. chilli.’7, (31 540 ; 11,81,82; (’onqit. 
rend. 117, 47). By tlic destructive distillation 
of ethvi gallatc, pyrogallol, etliyl alcohol, and 
rujigmic. acid (hcxahydro.\yanthraquinono) are! 
uroduced {jVrkm, Clumi. Soc. i’roc. 1002, 254). ! 
Kutigallio acid is also formed when gallic acid 
is heated with concintrated siiljiiiuric acid 
(Hohiquot, Aunalen, 10, 204; Wagner, Cheni. 
Zontr. 1801, 47 ; Lowe, 3, pr. ('hem. [i.] 107, 
290; JalI4, ilor. 1870, 004; Klohukowski and 
Noolting, ibid. 1875, 810; 1870, 1250; 1877, 
880; Widmann, iind. 1870, 850), and on reduc¬ 
tion with sodium amalgam yields alizarin 
(Widmann, Ic .; Bull. Soc. chiin. 24, (2] 350). 
By boating a mixture of gallic and benzoic acids 
with sulphuric acid, anlhra^aUd (trihydroxy- 
onthraquinone) is protluced (Scuberlich, Ber. 
1877, 39). 

Gallic acid, on oxidation with nitric acid, 
chlorine, or copjier sulpliate and alkali, yields 
oxalic aoid as the mam product (Boettmger, 
Annaien, 257, 248 ; 200, 337 ; Bi6trix, Compt. 
rend. 122, 1546); oxidation with poisulphates 
in the preseneo of atretic and sulphuric acids, 
yields eUngic acid (Perkin, Chem. Soc. Trans. 
1905, 1412), and in the presence of dilute sul* 
hui'ic acid, JhvclUigic acul (Perkin, ibid. 1900, 
52); electrolytic oxidation with potassium 
ferrioyanide in the presence of sodium acetate 
or other electrolytes, yields • purpurogallincar- 
boxylic acid (A. <j. and K. M. Perkin, tftirf. 1904, 
254; 1008,118; Perkin and Nierenstein, i6fd. 
1906,1420); oxidation in alkaline solution yields 
QoUo^vin. Gallic acid is not reduced ap¬ 
preciably in acid or neutral solution, but in 
alkaline solution, benzoic acid is formed (Gard¬ 
ner and Hodgson, Ohem. Soc. Proc. 1008, 272 ; 
Guignot, Compt. rend. 113, 200). Gallic acid 
and its derivatives undergo condensation with 
lutroeodialkylamimes to form dyestuffs of the 
oxazine or gmchcyaMne greni^ (Patent literature, 
FrdL i. 267-270; ii. 158, 167-173; iv. 486, 
506; ^OXAXINSCOLOUBINQMATTKES); with 
o-mtoosonaphthbls or o-aminonaphthols ti> form 
Inxiwii dyestuffs used in taniung (Ashworth and 
Sandox, to. Pat. 76633, 76634; Fnil. iv. 504, 
•05) ; with salicylic acid by means of phos- 
phom oxychloride to produce ^ifanna, an 
ontiMptic used for dressing wounds (Barar & 
Co., Sng. Pat. 0808; J. Soo. Chem. Ind. 1898, 


487; Heubner, Ger. Pat. 04281; Chem. Zentr. 
1808, i. 220); with acetaldehyde and benzalde* 
hydo, yielding com]>ounda which become 
coloured when dissolved in acids (Kahl, Ber. 
1898, 151); with acetic acid and acetic anhy* 
drido to yield mono- and di- acetyl derivatives 
of callic anhydnde. These substances are 
insoluble in alkali, and so can be used instead of 
tannin fur medicinal purposes, os the latter is 
Holublo in the stomach juices (Bayer & Co., 
Eng. Pat. 1228; 3. Soc. Chom. Ind. 1896, 297). 
Gallic acid is also used m the pr^aration of 
thimiinc dyestuffs (Niet/.ki, Ger. rat. 73506, 
70023, 79172 ; Frdl. in. 300 ; iv. 455, 456). 

Gallic acid coiulonscs with formaldehyde to 
yield four distinct mcihylencdigallic acids, 
yielding dyestuffs on treatment with nitro- 
sulphuric acid in sulphuric acid solution (Mohlau 
and Kahl, Ber. 1898, 259). Jt fo^ms compounds 
with albummoids (Womer, Ger. Pat. 189334; 

Soc. (3»em. Ind. l!K)8. 044), and with ferments 
(Ger. Pat. 198305;.!. Sue Chom. ind. 1908,713). 
it 18 absorbed hy organic colloids, this being of 
interest, since it [Kjam on the theory of dyeing 
and tanning processes (Dicajicr and Wilson, 
J. Soc. t'hem. ind. llMKi, .515). Complex salts 
of gallic acid (c. Silbcrnmim an<l Ozoruvitz, 
Clium. Zentr. 1!K)8, ji. 1024). Derivatives of 
gallic acid (y. Power and Shedden, Chom. Soc. 
Trans. 1002, 73). 

Basic bismuth gallate {Dermatol) 

C:H 30 ^Bi, 2 Ha 0 

is prepared fiom bismutli hydroxide and gallic 
acid, or from bismuth nitrate and gallic acid in 
the prcweiico of potassium nitrate and acetic 
acid. It is a yellow powder, but is obtained 
crystalimo by the second method given above 
(Tlubault, J. Pharm. 14, [vi.l 487 ; 25. [vii.] 268; 
May, Amer. J. Pharm. 80, 208 ; Caussc, Compt. 
rend. il7, 232; Fischer and Griitznor, Arch. 
Pharm. 231, 680). BisinutMajdroxyiodogallate 
(.4trol) is a grocnish-groy powder (Haegler, 
Chom. Zentr. 1806, i. 764 ; Torelli, ibid. 1808, i. 
857 ; Hoffmann, Traub & Co., Ger. Pat. 80399, 
82503 ; Frdl. iv. 1122, 1123). BotU compounds 
are inodorous aniiscptica, and may bo used os 
substitutes for iodoform. 

Methyl teter (HOaCgHj COjCHs. Prepared 
, by dissolving gallic acid in hot methyl alcohol, 
I and treating the solution with hydrogen chloride. 
Tire alcohol is distilled off, the residue dried and 
recrystalliscfd from hot water (Kem, Eng. Pat. 
5953; Ger, Pat. 46786; IVdl. ii. 167; Ham- 
buig, Monatsh. 19, 504); m.p. (anhydrous from 
methyl alcohol) 202^; from not water, crystals 
contain water of crystallisation, which is wven 
off at lOOMlO^ 

Detection and Ealimatim. —Gallic add gives 
a bluish-black precipitate with ferric chloride, 
but does not precipitate gelatin. On adding 
1 c.c. of (I; 30) potassium cyanide solution to 
a 1 p.c. solution of gallic acid and agitating, a 
ruby-red colour is produced, which disappears 
on standing, but is ntgeneraiod by agitation, 
i Pyrogallol and tannic atud give yoUowish-red 
solutions (Griggi, Boll. Cliirn. Farm. 38 5). 
Boettinger (Annaien, 256, 341; J. Soc. Gbem. 
Ind. 1900, 450) heats gallic acid with double its 
weight of phmylhydmine to 100*^, boils the 
solution for a few seconds, and then lets one 
drop fall into a bealcer cemtoiniag watcor mode 
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alkaline with catutic soda, vhon an orange or 
golden-yellow coloration is oroduced. Tannic 
acid gives a blue coloration cnanging to yellow. 
In estimating gallic acid in tannins, it is always 
necessary to separate it from the tannic acid, 
which is abo present (Spica, Gazz. chim. ital. 
31, ii. 201; Harnack, Arch. Pharm. 234, 
637; Buchner, Annalcn, 5.3, 537; Hinsdale, 
Ghem. Nows, 04,51 ; Drcapcr, J. Soc. OJjem. Ind. 
1893, 412 ; Chem. Nows, 90, 111 ; Proct<«r and 
Bennett, J. Soc. Ghoin. Jnd. l{)0(i, 251 ; Joan, 
ibid, 1900, 382). 

GALUPEINE 1? CusrARIA BARK. 

GALLISIN (iso-MALTOSE) v. Oabho- 

HYDRATES. 

GALLIUM. (Ja. At.wt. 09-9 (Boisbaudran); 
70’1 (Richards, Craig, and Sainesbima). Is 
very widely distributed in nature, although 
always occurring in minute quantities. It is 
found in various clny ironsionos, in heeraatites, 
in various aluininouH and mnnganeso minerals 
and ores, m some mct<-oritc« and meteoric 
iron, in zincblcndes, pyrites, A’.e, (Hartley 
and Ramogc, Chem. Soc. 'Praas. 1897, 533). 
iVrhajw the riclujst source of this metal i.s the 
Middlwliorough blast furnace metal obtained 
from the Cleveland clay ironstone, the cast iron 
containing I part, of gallium per 33.(MM) pans of 
iron. Gallium belongs to the aluminium group 
of elements, an<l is occasionally to lie dctect(<u 
in commercial aluminium ; it is tlie «'ka-alumi- 
nium predicted by Meii(l<dcetf. an<l was dis- 
eovorea by Boisbaudran, in 1875, by means 
of spectroscopic analysis, in the zincblcnde of 
Pierrofitte in tlie Pyroncoa (Compt. rend. 1892, 
114, 815). 

For its electrolyt ic depexsition and purification, 
see Uhler and Browning, Amer. J. Sci. 191tb 
fiv.] 42, 389 ; Pdchards and Boyer, Nat. Acad. 
Sci. Proc. 1918, 4, 388; J. Amer. Chem. Soc. 
19^, 43,274. For its qualitative separation and 
detection, v. Browning and Porter, Amor. J. Sci. 
1917,44.221; J. Amer. Chem. Soc. 1921,43,126. 

(gallium is a bluish-white, hard, tough, 
slightly malleable diamagnetic metal; 

6*9, sp.ht. 0 080 and of higher sp. resistance 
than the alkali metals. It fuses at 29’70®, 
forming a silver-white liquid of sp.gr. 6’096, 
reeolidif 5 nng very slowly oven at 0^. H, how¬ 
ever, a fragment of solid gallium is introduced, 
It Bolidihes mpidly in pyramidal monoclinic 
cT^tals, and expands on freezing. The expansion 
on solidification is 0*00531 c.c. per gram. The 
oompressibility of the solid metal is 2*09x 10“*. 
liquid Ga has a compressibility of 3*97x10“* 
at 30®. The molten metal, if poured on to a 

g lass, covets the surface with a bright mirror 
ke deposit. The metal b non-volatile at a 
red heat, is slowly and superficially tarmshed 
in air or water. It is attacked by the halogens, 
Mid dissolves in hydrochloric acid and in potash 
solution with evolution of hydrogen. In nitdo 
acid, it dbsolves on warming, with evolution of 
oxi^ of nitre^en. It forms liquid alloys with 
alununium and indium. 

Compounds. QaUium oxide GajO, is a 
white powder reduced by hydrogen at a bright 
red heat, and, according to WinMer (Ber. 1890, 
88, 788), also by magnesium: the hf^rtxnde is 
fnscdable in wi^or, but soluble in alkalis. 
jOMorid^ OaCl«, an o^^hioride, hrom- 

iodides, s^dphaies, avlfdiides, a nitnUe, 


series of alums Qa|(S04)t'(M)|S04,24Ht0, and a 
siliedungsiaie have propued (Duprd, 

Compt. rend. 1878, 86, 720; Bobbaudran, Ann. 
Ohim.’ 1877. [5] 10, 126; Wyrouboff, Bull. 
Soc. franc. Min. 1896,10,240). Gallium chloride 
sublimm at a comjiaratively low temperature, 
and may thus be separated from less volatile 
chlorides. 

GALLOCYANINE r. Oxazinb colouriko 

MATTERS. 

GALLOFLAVIN. This dye. which can be 
fixed on mordanted libres like ali'/.arin, is obtained 
by the action of air, oxygen, on alkaline 
solutions of gallic acid. The process of oxida¬ 
tion depends on the amount of alkali present. 
In practice, 5 parts of gallic acid are dissolved 
in 80 parts of alcohol r>f OC'^Tw. and 100 parte of 
water. The cooleil solution is grailually mixed 
witli 17 parts of caustic jiotasli solution of 30®B., 
stirring all the while, and never allowing the 
temperaturo to rise above 10'^. It is then 
exposed to the action of oxygen, either by 
blowing air through it or by agitating it briskly. 
The progrtvsH of tho oxidation shows itself by 
the lujuor assurniiig at first an olive-grcon or 
greenish-brown colour, until finally a crystalline 
precijiitate separates out. When the amount 
of this pn-cipitate no longer incrcaaes, the opera¬ 
tion is finished. Tho mass of crystals is quickly 
filtered, dissolvod in warm water, decomposed 
with hydrochlorit; or sulphurie acid, and boiled 
when tluj dye is preeipitatod in the state of 
glistening greenish-yellow plates. These ore 
washed, and can then bo applied for dyeing or 


Gallofiavin dyes cotton mordanted with 
alumina greenish-yellow, which turns into a very 
brilliant yellow by treatment with tin crystals. 
Wool, mordanted with bichromo, is dyed 
olivo-yeliow, copper os mordant gives a dark- 
brown, and stannous mordant duu-orange. In 
prac^tice, only chrome mordants are usra, and 
tho shades obtained are fairly fast to light, soap, 
and milling, fast to dilute acids and alkalis, but 
do not compare favourably with the alizarins. 
Tho colour is somewhat sensitive to chlorine. 

The formula CisHeO^ was first suggested 
for gallofiavin (Bohn and Graobo), and subse¬ 
quent! v CijHiOg (Herzig). The substance 
crystallises in greenish-yellow leaflets, is spar¬ 
ingly soluble in water, alcohol, and ether, more 
readily soluble in glacial acetic acid and aniliim. 
The pofassium saU 0]gH4O«K, (B. A G.) is a 
crystalline body which is insoluble in alcohol 
and cold water. The aeeiyl derivative 
C„H*06(0*C0CH,)4 

(B. &G.) or CisH, 04 ( 0 'C 0 CH ,)4 (H.)crystallises 
from benzene or ethyl acetate in white needles, 
m.p. 230® (B. & G.), 230®-233® (H.); is freely 
soluble in glacial acetic acid and chloroform, Imt 
does not dissolve readily in alcohol or ether. 
The chloracetyl derisive CijH40j(0’C0CH4Cll)4 
(B. A G.), is very little soluble in cdcohol, eGier, 
chloroform, or benzene, easily soluble in aoetie 
aci^ Mid oiysstallises In needles ; m.p. 210®-2I8^« 
Galloflavin, on methylation, yidds teirameihogjf- 
gaUafiavin CitHa 04 ( 0 CH ,)4 (H.), cryataHiaiw 
in felted, almost colourless needles feom aoeiM 
acid; ni.p. 23fi®-239®. When this compound Is 
quicUy boiled with aqueous potash, iw then 
treated with strong hydrochlorie add, H ^ ‘ " 
a cryetafline substance. 
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0 „H,0,(0 CHj)3 C00H (H.), difficultly ^iublc 
in alcohol, and cry^talliHing therefrom in fine 
white neodlen, melting at 263°~256®, with strong 
gM evolution. On ninthylation or esterification, 
this yields IctramelhylisogaUc^vin 

C.,HaO,(OCH,)aCOO0H3 
(H.), crystallising from alcohol in long noodles ; 
ro.p. 232"-2!14“. Iloatod under reduced pressure, 
trimothyltsogalloflavin loses carbon dioxide, 
and a sub/daiice, CiiH 8 Oa(O 0 IIj )3 (H.), distils 
over at 27l)°-3(K>" (2K mm. pressure), wlnc.h sets 
to a yellowish-white crystalline mass, is difficultly 
soluulo in alcohol, and can be crystallised there¬ 
from in white crystals; m.p. 130'’-134‘'. On 
methylating trimothyh/jogallofiavin with aque¬ 
ous alcohoffi^ ]iotash and meOiyl sulphate, and 
finally with diazomethano, there is obtained 
a $^slancc, (’,oHaU(OCHj)4((X)OOUs)a (H.), 
crystallising out of methyl alcohol and melting 
at 92®-9C®. This substance is easily hydrolysed 
to the corresponding dibasic acid 


C,*H20(OGHa)4(COOH)a 
(H.), crystallising from dilute methyl alcohol, 
and melting at 214"-2]13° with gos evolution. 
This dibasic acid, on beating under reduced 
pressure, loses carbon dioxide, and a rnonobaeic 
acid €i8lIa0(0(!n3)4C00H (H.) distils over at 
2(K)”-280'’ (28 mm. pressure), which sets to a 
solid, and, crystallised from ethyl acetate, melts 
at 132”-135‘’. I’his series of transformations 
from totramothylgalloflavin indicates that it 
probably contains two lactone bonds, and that 
galioflavin itself may bo represented as : 

()(V /CO 

^C,oH.4{OH)/ < 

0 ^0 


Referejicrs. —Gcr. ]*at. 37934, 1886; Frdl. i. 
G67 ; Knecht, Hawson, and Loowonthal, Manual 
of Dyeing; llolm and Qraebe, Bor. 20, 2328; 
Hereig and Tschemc, Monateh. 25, 603 ; Herzig, 
Siteungslierichto der K. Akademie der Wisson- 
sohaften In Wien. Math-naturw. klasse Bd. 119, 
abt. ii. 6, Juni, 1910. 

OALLOGEN, GALLOb v. Synthbtic DBoas. 

GAlXOTANNiC ACID i>. DigaUic acid, art. 
T AWWTTfS 

GALVANISED IRON t>. Zreo. 

GALYL. A derivative of salvarsan. 4 : 4^- 
Dehydroxyareonobenzeno-3; 3''-pho8phamic acid. 
Used in the treatment of syphilis and other 
protozoal diseases (v. Absiskic, Orgakio ooh- 
ponuns or). 

GAMBINE. Nitroeo p-m-phthol (v. Qoinone- 

OXIHB DYSa). 

GA18BIR or GAMBIER. The Malayan name 
of an extract obtained from the Vnearia Oanibier 
(^zb.). It is the !fefmjapon»ea of tanners («ee 
OaTXOEU). 

GAKBOGfi e. Gum besins. 

GAlfllA (>) ACID. B-Ammo-8-nKphtbo)-6- 
sulphonio acid 

GAMMAM, a Tunisian dyeetuS of un« 
known origin. 

GANin^. A local name of unknown 
iffigin for a hud siliceous sandstone occurring 
’in the coal-measurce of the nor^ of England 
Fomeriy it was employed as a road-stone, but 
now it » much ui^ for making refractory 
ganisttf- or silioa-brioke and for the trt 

ete^ fomaoei and converters. The name has 


been also loosely applied to other siUeeouB 
materials t»ed for making fire-bricks. In the 
typical locality, namely in the neighbourhood 
of Sheffield, ibe rock occurs beneath thin seams 
of coal at a definite horizon—tlio Ganister group 
—in the lower coal-measures. The best bea, 
lying immediately beneath the Kurd Mine ooai, 
varies in thicknoss from a few inches to 5^ feet, 
with an average of 2^ feet. Here it is a hard 
compact rock with a very fine and even-grained 
texbirc, and consists of sub-angular grains of 
quartz, mostly O in-O'b mm. across, closely 
packcfl together and cemented with secondary 
silica. No appreciable amounts of mica, felspar, 
or carbonates are present. The rock thus Ims 
the character of a quartzite. It is light to dark 
grey in colour, and is often iron-stained aloi^; 
the joint surfaces. It breaks with a splintery 
to sub-couc-hoidal fracture with sharp edges. 
(Jarhonaceous patehes and streaks, and fossil 
tree-roots are cmlicddcd in the rock. It con¬ 
sists of 90-95 p.c. of silica with small amounts 
of alumina, iron oxides, lime, and alkalis. 
Sp.gr. 2'69. Silica rocks of very much the 
sumo nature are widely diatriburiMl in most of 
the coal-holds of England, Wales, and Scotland ; 
e.g. the Dinas rock (or ‘ clay ’) from the Vale of 
Neath in Glamoi^anshire, which contains as 
much as 98 p.c. of silica. They pass insensibly, 
both laterally and vertically, into siliceous fire¬ 
clays (‘ bastard ganister ’). The rock is won 
by quarrying or underground mining, and is 
crushed, ground, and mixed with lime (1-1^ p.o.) 
or fire-clay to act as a binder. I'his mixture is 
! moulded into bricks, which, after drying, are 
I fired at about 15(K)", or it is applied directly as 
I a furnace lining, or used for sotting the bricks 
! and patching and repairing furnaces. Ganister 
is also ground to a fine sand for use in casting 
iron and brass (t'. Mineral Resources of Great 
Britain, Mem. Geol. Survey, 1918, vol. vi. 
(2nd edit., Ifi20);andl^,vol.zvi.; A. B.S^ile, 
Refractory Materials, London, 1917). L. J. 8. 

GARANGEUX and GARANCINE v. Mabbeb. 

GARBAGE FATS. Under the name ‘ gar¬ 
bage fats * may be compriBod all those fats con¬ 
tained in house and other refuse which do not 
find their way into the sewers. Such refuse is 
generally collected by the municipalities and 
dostroyM as soon as possible, the primaiy 
object beinc to remove it rapidly from inhabited 
areas and ^pose of it in a sanitary, or at any 
rate in the least objectionable, manner. The 
sj^tem in vocue in this coun^, and ntpidly 
supeiseding the older method of dumping on 
waste land, is to destroy the refuse in speoiidly 
designed dMtructois, after a rough sorung out 
of tms, iron pots, old leather, &c., has taken 
place in the destructor works. Thus all putree- 
cible matter, together with the fat present, la 
destroyed. Hence efiorts have not been wanting 
to recover the fatty matter. In the UnitM 
States of America especially methods for the 
disnoeal of garbage have b^ devdoped. An 
early process (worked in Buffalo about 1886) 
oonaisted in extracting the garbage with Ikht 
petroleum. This has, however, supeneSed 
by cheaper prooeesee oompxuM^ under tl» term 
‘ reduotitm prooesses.’ These prooesBes are Tory 
Bimilar to the methods used in Gie xendeffii^j m 
fish oils (see otL), and slanshtei^ 

house greases. 
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1b Mvnal ci^eB of Amerle^, the Arndd* 
i^^ertoa {tfooeM is worked, in which the fatty 
matter is extracted by purely mechanical meaiu. 
The garbage is delirerra into largo digcetors, in 
wldoh the mass is boiled with steam. After 
boiling at 80 lbs. prosauro, the whole mass 
ooUectfi into three layers, the top layer of which 
forms the separated grease. This grease is sold 
for the manufacture of low-class soaps and low- 
class lubricants. It has a dark-brown colour, 
and is characterised by a large amount of free 
fatty acids and unHaponitiable matter. Not 
infrequently it develops an unpleasant odour 
when kept. J, 

6ARCINIA INDICA (Choisy). A ])]ant 
belonging to the order (hiltiferat. The j)ericarp 
of the fruit is used at (toa as a spice, and the 
blood-rod acid juice as a lemonade. The seeds 
yield 30 p.c. of fat, which contains W) p.c. of 
stearic acid. Tlic cake left after the removal of 
the fat contains a lin<' red colouring matter 
soluble in water and alcohol (llouis and Pimentel, 
Compt. rend. 44, 1355). 

GARDENIA GRANDIFLORA. The fruit of 
the Oardema gmndtjioraf known a« ‘ Wongsky,’ 
is or was employed in (!hina for dyeing yellow, 
as an assistant for tbe production of green 
colours, and in conjunction with safflower. 
According to (Jrookes (Dyeing and (’alico 
Printing, 422), it has not been mucli used in 
this country, and the yellow and orange colours 
it 3 neld 8 are of a somewhat fugitive character. 

Bochloder and Mayer (J. pr. Cliom. 74, 1) 
isolated from it pectin, the rubi<hlorio acid 
(ohlorogonin) which is pn«ont in Madder, {’hay- 
root and Morinda root (he.), tannin, and a rod 
amorphous colouring matter apparently identical 
with the crocin of saffron {Crocus sativus). 
Peiaoz obtained tlio colouring matter as a reddish 
cr^tallino mass (Orookos, he.), and found that 
this dyed cotton when mordanted with alumina, 
yellow, and when mordanted with iron an olive 
colour. 

In Bancroft’s Philosophy of Permanent 
Colours, i. p. 285, mention is made of the use 
of the Gardenia fiortda by the Chinese for the 
dyeing of scarlet under the name of ‘ unki.’ 

The Decamal^ or Dikami^ gum, which is 
obtained in India from {.he Gardenia hicida, 
contains, according to Stenhouse and Groves 
(Annalen, 200, 311), gardenin C,4H,20«, m.p. 
163“-164°, and this was isolated as dbep yellow 
orjf^tals insoluble in water and alkaline solutions. 

A. G. P. 

GARLIC. AUium sat.ivum var. vtdgare (1)511.). 
A plant extensively used as a condiment in 
Spain, Portugal, Northern Africa, end other 
countries. 

Kdnig gives as its avert^e composition— 
Wi^r Pr^ln Fat Carbohydrates Fibre Ash 
6-8 0*1 26-3 08 i*4 

Among the carbohydrates is included 0*9 p.c. 
of pentosans. ^ The characteristic odour and 
flavour of garlic are due to an essential oil, 
■•mounting to about 0*2 p.o. of the weight, 
which comists midnly of allyl sulphide and wyl 
wothiocyanato, the former largely predominat- 
J58* A wild species, AUium vmeaUf is a 
H^ole^mB weed in pastures and meadows, 
whem eatea by dairy cows imparts its 

■Mgreeablefiavourtothenulk. H. t , 


j GARNFF (Ger. OramU; Er. Qmuti). A 
I group of minerals differing tridely in ohemioad 
oompoeition, but all conforming to the genecid 
j orthosUicate formula R,"B,^( 8 i 04 ),, whew 
■ R"=(Ja, Fe, Mg, Mn ; and R'"a*Al, Fe, Cr, or 
i rarely Ti. The following principal types may 
I be distinguished :— 

I Calclum-lron-garnet 0a,Fe,81,O, .Andradlte 

Calclum-chromlom-garnH Ca,Cr*8l,0,»Uvarovite 

I Calcium-alumlnlum-garimt Ca,Al,8l,(),,On)asulMlte 

I Iron-alumtuluui-Barnet Fe,Al,8lsO„Almandlne 

Maguoslum-alumluium-Barnet Mg,Al,SI,OigFyrope 
ManRanese-alamirilum-aarnflt Mn,Al,81,0,,Spos8srtlte 
Only exceptionally is the composition of 
; actual garnet crystals as represented abdve. As 
I a rule, several, or oven all, of these compounds 
! enter into isomorjihous mixtures ; and whilst 
I there is generally a preponderance of one or 
I other of tliom, this is not always the case. All 
i the members of the group ciyatallise in the cubic 
I system, usually with the form of the rhombic- 
i dodecahedron or the icoaitetrahedron, or a oom- 
: binatlon of those. The crystals are often 
I rounded or granular in form. There is no 
1 cleavage, and the lustre often inclines to 
resinous in character. Corresponding with the 
wide range in chemical composition, these 
minerals exhibit a wide range in colour (yellow, 
brown, red, green, black, rarely colourless, but 
not blue), transparency, sp.gr. (3*16 to 4’3), 
hardness (5|-7^), and mode of oocurrenoe. 
They occur us primary constituents of ignoous 
rocks; in gneisses, schists, and crystalline 
limestones; in veins and encrusting the walls 
of crevices in rocks. Granular rocks composed 
wholly of garnet are also known. 

The chief application of garnet is as a gem¬ 
stone, of which there are several beautiful 
varieties. Hessmiie, or cinnamon-stone, is a 
variety of caloium-aluminium-gamot, contain¬ 
ing small amounts of ferrous and manganous 
oxides; its colour is a warm yellowish-red. 
Almandine is deep red, often with a violet tinge. 
Pgrope (Bohemian garnet, ‘ CJapo ruby ’) is a 
fiery red. IthodolttCf a variety midway between 
almandine and pyrope in composition, is remark¬ 
able for its delicate rhododendron-red colour. 
Detnantoid is a oaloium-iron-gamet of a rich 
emerald-green colour and with a brilliant lustre. 
Garnet is also used as an abrasive agent, 
mainly in the form of sand, for sawing f» i>d 
grinding stone and for making garnet-paper 
(often sold as ‘ emery-paper '). Owing, however, 
to its.lower degree of haraness, it is w less value 
than corundum and emery. Practically the 
whole of the massive garnet used for ti^ 
purpose is mined in the eastern United States, 
principally Now York, but also Conneotiout, 
Fmnaylvania, and North Carolina. The output 
amounts to about 5000 tons per annum, valued 
at about 61. per ton. In the gamet-min^ dis¬ 
trict of tlN» Hittlwebirgo in northern B^jemia, 
the small material, Ion after picldng out the 
stones suitable for cutting as gems, is used for 
gravelling garden walks. L. J. S. 

GARR&ftiTE. A hydrated silieate of iBag- 
neeium and nickel, of importance as an ore 
nickel It is soft and earthy, greasy to the 
tottdh, and usually of a bright apple>g;nM«i 
colour; sp-gi*- 2*3-2'8. The composition Is 
variable ZS-62 ; MgO, 2~37 ; KiO, 3-4f0; 
H| 0 , 10 -^ l^c.), and the material is prabah^ 
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a mixture. It may be regarded oa a hydrated the mixture was made rich enough to produce a 
magneeium silicaU;, allied to sorpentine, in luminous flame. Thia meant that a largo per* 
w^h variahio proporliuiiH of m^nesium arc centage of vapour was required, but on this 
replaced liy nickel. 'I'lic darker green varioties account, and also by reason of the varying 
arc HonH*tim<« distinguished by the name quality of the hydrocarbon employed, as well 
nowmpik (from Noumea in New Caledonia), the as the inpflici<‘ney (d the carburettors, it proved 
name garniente. (after Jules Gamier, the dis- very dillieult to maintain the production of a 
covoror of tljo New ('aledonian nickel ores) being gjis of uniform composition, with the result that 
reserved for the light4?r-coloure<l varictk*. A j the amount of liglit obtained at the burners 
ehocolnte-(!olour<?d variety, containing iron, has fluctuated. Owing to these drawbacks, the 
been calkwi (horohtc (J. Garland, Nickel Mining development of ligiiting by means of car- 
in Now (laledonia, Trarw. Inst. Mining and buretted air remained in abeyance until 
Metall. IK94, 2, 12S, 224). N<'p<milp, from the introduction of petrol of fairly unifonn 
Nepoui, New (’ali'donia (K. Glasscr, Compt. composition for motor-cars and the extended 
rend. ItKHI, 1411. 1173), i.n a finely crystalline use of tlio incande^iccnt mantle turned the 
variety for which tlio formula is given a.s attention of inventors once more to the possi* 
3(Ni,Mg)0*2Si02,2ll.,0, the amount of nickel bilities of the jirocess. 

oxide ranging from 18 to 50 p.c. Using an incanchwccnt mantle, there is no 

ThoHo min<‘ra!s (»ccur m veins traversing need Jpr a rieli gas, so that tlie jiroportion of 
serpentine rocks in the nciglibourhood of liydrocarbon vapour can be reduced to a con- 
Noumea, or Niimea, the ciijiital of New Gale- aiderable, extent, thus iloing away with many of 
donia; and, like the serpentine, they liavo been the troubles attending the carburation of the air, 
produced.by the alteration of peridotito rocks, If air bo passed over or through a vessel 
the olivine of which contains traces of nickel, containing petrol, the r<‘sulting mixture is of 
Over 100,000 tons of these nickel onw are ox- very uncertain composition, as at the (lommcnce- 
portod annually from New Caledonia. ment the more volatile constituents evaporate 

Large deposits, forming beds 10 metre's in very quickly, yielding a gas which is far too 
thickness, of the saiue type of ores occur, also rich, whilst at the end of tlio operation, owing 
in (connection with serpentines and olivine rocks, to the loss of iheso lighter portions, the residue 
at Riddles, in Douglas Co., Oregon. The nickel docs not cvajMirate at anytliing like the same 
mineral from t.!iis localit.y is sometimes referred rate, so that the air cannot take up the requiaiio 
to qcnOiite, 2Ni0‘2Mg0'3Si02J‘H/). Other amount of vapour, and the gas is oi poor quality, 
similar oocurronciw are met with and to some Moreover, when evaporation takes place, a 
extent mined at Welister in North Carolina, at certain amount of heat is absorbed or rendered 
Texas in Lancaster (!o., J*enfisylvania (gen- latent, which reducas the temperature of the 
thito), at Ecvda in the Urals (revdanskite), tictrol in the carburettor, and as the temperature 
and near irrankensiein in Prussian Silesia lalls, so it evaporaU's loss readily, l-hus affecting 
(pimolite, alipitKi, Ac.). the composition of the mixture. It is essential, 

On the New (’aledonian ores, spc A. Liver- for obvious reasons, that a gas supply, whether 
sidge, The Minerals of Now South Wales, &c., for heating, lighting, or power purposes, should 
188tt, 275; F. D. Power, Trans. Inst. Mining be as constant in quality as possible, and this 
and Metall. 1900, vol. 8, 420, with bibliography; has led to the introduction of a host of devices, 

E. Glosser, Ann. dos Mines, Paris, U)03, ser. x. the aim of which is to secure a gas of deflnito 
vol. 4, 363. L. J. S. ! and uniform composition, 

GAS, AIR. When a current of air is passed ' In the majority of air-gas generators in «so 
over or through a volatile liquid hydrocarbon,. at the present time, the incanaoscent mantle is 
such as petrol, gasolene, or benzene, the air ' employed to develop light from a mixture of 
becomes chatged with a certain amount of the ; petrol vapour and air so poor in hydrocarbon 
va]>our from tlie hytlrocarbon and is rendered : that it gives a non-lurainous but sufficiently 
inflammable, the mixture being known under ; hot flame to raise the mantle to incandescence, 
the name of ‘ air gas.’ Of tlie various hydro- When petrol vapour is added little by little 
carbons that have been tried, petrol has proved to air, it ip found that with 1*2 p.c. of vapour, 
to be the most useful, on account of its extreme a flame will just travel through the mixture; 
volatility and freedom from impurities which : with 1‘6 p.c., the mixture bums under proper 
have a slower rate of evaporation. i conditions ; whilst with 2 p.c., the mixture 

Petrol is the first distillate from the crude becomes explosive, increases in explosive force 
oil as it comes from the oil well, and consists up to 2*6 p.c., and gradually diminishes in 
largely of pentane CjH,,, hexane C,H, 4 , and explosibility until 5 p.c. of the vapour is pre- 
heptane C,H, 4 , the first liquid mombore of the i sent, when it becomes non-explosive and bums 
great paraffin group of hydrocarbons. It is ' quietly once more. 

volatile, uvd has a flash point below the freezing- ; It is clear, therefore, that if a mixture of 
point of water: one gallm of petrol on being from 1*6 to 1*8 p.c. of petrol vapour with air 
vaporised, will give 28*4 cubic feet of vapour,; can be made, such a gas will bum with a non- 
wlulst a pint of it poured on a level surface will i luminous flame in a properly constructed burner 
oov^ about 80 square feet with an inflammable without the addition of more air, and which tntt 
va^r, through which, on comiiig in contact have sufficient flame temperatum for use with 
with a light, a flame will spread; and 100 cubic a mantle, whilst it has the enormous advantsM 
feet of ^ can be made highly explosive by the that, if through a leak it should escape into the 
vapour from a pint of petrol. air, the admixture of more air with it rendeni 

Attempts to produce an illuminating gas by it non-explosive instead of, as in Uie case of h 
oarburetting air with the vapour of some volatile i ordina^ coal ga% giving an explosive mixture, - 
hydrocarbon, date back to 1841, and until 1889 ^ This property was list uuHsed by Hooker 
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ia iiifl «ftfety air gas, and has been the objective 
of all MT-ffOB apparatus makeis since his time* 
as it enables something like 1400 to 1500 cubic 
feet of air gas to bo made from a gallon of petool, 
and yiel(u most oconomical results, as in 
property constructed burners such gas will give 
about 9 candles per cubic foot consumed with 
an incancl^ont mantle. 

Combustion, with the bettor qualities of 
petrol,is represented by the following equation:— 
2C.H„4-1903== 12C03-f 14HjO 

At the prctfeiit time, air-gas apparatus may 
bo divided into two classes : 

(1) Those which give an air gas containing 
over 5 p.c. of the hydrocarbon vapour, and 
therefore require the addition of air in a liunsen 
burner before combustion in the mantle; and 

(2) Those in whicli the i>eroentagc of hydro- 
carlxin vapour is under 2 p.c., and thogas is 
burnt in burners of proper construction without 
the addition of inoi'o air. 

To the first class btilong sucli forms of 
apparatus as the ' Aerugcu,’ in wlncli the gas is 
aitorwards burnt with a further addition of air. 
Such forms of ajiparutus have been m use on 
the Continent for many years, in some coses 
being utilised for tins lighting of large villages 
from a central supply station. To the sci-ond 
class belong by far the largiwt number of geneia- 
tors, such as those whicli have from time to 
time made their appearance under such names 
ai the ‘Non-explosive Clas,’ the ‘ i‘raed,’ the 
‘ Eos,’ the ‘ (Safety Light,’ the ‘ National,’ the 
* Globe,' the ‘ Loco,’ ‘ Solux,’ ‘ Centenary,’ and 
several other sysUmis. 

In all tliose forms of machine, the apparatus 
is designed automaiiealiy to mix or evaporate 
the petrol with air in the right jiroportion, no 
matter whether it supplii« a large, or small 
number of lights, and m order to do this it is 
useless to employ carburettors in wliich a current 
of air flows over the surface of or through the 
petrol, and the best results are obtained by 
introducing small (quantities of qictrul into a 
carburettor of «uiiablo form, where it meets 
with exactly the amount of air nect«sary to 
vaporise it entirely, producing the gas of the 
required composition. This is done in several 
ways. In one type of apparatus, a current of 
air is forced by a fan driven from a hot-air 
ez^inc through the carburettor, where it moots 
with the supply of petrol, which is pumped up 
from a storage tank below the apjiaratus. and 
«atcring the carburettor at the top in the right 
ratio to the air supply is injocto<l into the current 
of air as a spray, thus ensuring immediate 
volatilisation. 

In another type of machine, the flow of 
p^rol to the carburettor is regulated by a 
znaroury valve contained in a chamber outside 
** tile carburettor. As the level of the petrol in 
"i|he carburettor sinks, so the mercury seal is 
ijl^ned, allowing more petrol to flow into the 

t >Wburettor in just sujSicieui quantity to replace 
w loss. In a third system, the air is forced in 
ou^h a rotatiz^ the revolving spindle 

which works tim rwuiator of the petrol tank. 

. t he carburettor, the petrol fiomi on to the 
■•race of a sphere or baU, round which the air 
to oiiculate in such a way as to com* 
JPQtiy ^aporaie idl the petroL the mixture 

ni.—r. 
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being, at the same time, well agitated by a fas 
to ensure thorough mixation and uniformity of 
oomposition. 

Another form of apparatus consists of a 
multi-chambered turbine arrangement. 7he 
petrol and air in definite quantities are admitted 
into each cliambcr in sucoe^ion, and violentiy 
agitated therein, witli the result that the 
petrol is almost instantly vaporised, the 
carburetted air being discharged into a central 
mixing chamber into which the gas from each 
chamber flows boforo it posses oil to the holder. 

The motive power for the production of the 
necessary pressure of air can bo obtained by the 
slow descent of a weight, by water power, or, 
mast genonilly, by a hot-air (mgine actuated 
the combusUou of a small portion of the air 
gas ItHolf. 

The drawback to the use of a falliim weight 
IS that, unl(*ss au abnormal length of fall be 
arranged for, its period of working is com* 
panitively sliort before it requires winding up 
again. Water is reliable, and servos well \rtiere 
a supply is available, but the cost is high if it 
has to be ]>aid for. The hot*air engine os now 
made consumes but a v('ry small amount of 
g.is, and iH (;f simple yet reliable construction: 
it runs noisolessly, and can keep at work 
fur indcfiiuto periods with the minimum of 
attention. 

The buriu^rs employed for the combustion of 
the air gas naturally vary with the quality of 
gas made, as with gas cuiituining below 2 p.c. of 
vapour no admission of air before combustion is 
needed, and the burners have to be packed with 
small tubes or wire gauze, so that if by any 
chance an explosive rnixturo is formed in the 
generator, owing to the amount of petrol vapour 
having risen to over 2 p.c., flosliing back to the 
regulating ap|>aratus, and so causing an ex|flo* 
sion, womd bo prevented : with those machines 
wliich give a mixture richer than 5 p.c. in vapour, 
a burner of the ordinary Bunsen ty|^, capable 
of very delicate adjustment, lias to be employed, 
but in no case must an apparatus be installed in 
which there is no arrangement, such as a safety 
chamber, between the burners and the regu* 
lating drum for the prevention of a fla^- 
back. 

With iiegard to the installation and distri* 
button of tho gas, owing to its sensitiveness to 
atmospheric conditions, great attention should 
be paid to the arrangement of the falls in the 
pipes, and siphons should be inserted where 
there is any chance of a deposit accumulating. 
It must be mentioned that the chief drawba^ 
to petrol-air gas is the very heavy condensation 
which occurs in tho distributiiig pipes, and in » 
few instancos, where prevailing conditions are 
amenable to the deposition of moisture, the 
system has had to be abandoned almost ^tirely 
owing to^he troublu arising from this (jause. 
This is particularly the case when plants m 
employed in which neat is employed for effecting 
va^risatiozL It is an advantage to me mpM 
of rather laiwr diameter than would be adoMd 
for coal-gas lighting, especially for installatMOS 
producing a weak gas, as the volume ^ m 
consumed per candle power is more than dozu^ 
that of coal gas, but existii^ pipes ean be 
utilised in many cases, provid^ are not 
less tium I inch in bore. As regaj^ 
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Um ordinary coal-gatt tlttiogs can generally be 
employed, provided the gaa way ie of sufiicient 
eixe to be conHisteni with tHo extra volume of 
gOB consumed. 

The heating TK>wer of air gas is of course 
dependent upon the j>erooniage of petrol vapour 
which it oontnins, and lut the difioront com> 
mercial makm of petrol, benzene, Ac., which 
could be employed in such plaate vary, it is 
necesHary to know not only the jiercontage of 
petrol vapour preeont, but the source of such 
vapour. Whereas for ligliting alone a gas of 
low oalorilic jiowor may bo employed, for such 
purposes as cooking and heating tiie mixture 
should bo of about (> p.c. saturation when a 
gas of about 'MK) H 'I’h.ll. will he obtained. 

'J’ho calorilii- power of standard grades of 
spirit empioyi'd in air-gas machines an<l internal 
combustion engines varies iH>twe<m llkt.OOO and 
136,000 H.Th.lo )MT gallon, density at 15" 
ranging between 0 t>8 andO'72. 

The onorinoiiH im n^ase m the cost of petrol 
oocBsionod by the European war reacted very 
much to the disadvantage of air gas, for, on the 
basis that 1 gallon of spirit yields 5000 candle- 
power hours, the candle hours obtained for lc7. 
amount to only 120 with petrol at .‘Is. 0'/. per 
gallon. In contrast to this, it may hi* mentioned 
that ordinary coal gas at a ])rico of Iks. M. per 
1000 cubic feet yiehls in the low-pn^surc inverted 
incandescent burner so much us 480 cuiidio hours. 

V. It. L. 

GAS CARBON o. Cauuon ; also Gas, 
Goal.. 

GAS, COAL. During the 17th and 18th 
centuries, several obseivcrs uoticwl the evolu¬ 
tion in the neighbourhood of coal-tiolds of com¬ 
bustible gas, which burned with a luminous 
flame, and also that a gas of tliis nature was 
produced by the distillation of coal in closed 
vessels, but the lirst to carry out the process of 
the distillation of cool for the special jmrpose of 
producing a gas for use us an illuminant was 
william Muriloch, wiio, in 1702, lighted his 
bouse at Redruth by this means. At that time, 

■ Murdoi'h was in cliarge of James Watt’s con- 
dcosing steam engines recently erected at 
(kimish miiM*s by Mcesis. Boulton and Watt, of 
which firm he was the n'proscntative, and on 
returning later to the works of Messrs. Boulton 
and Watt at Solio. Birmingham, ho continued 
his work on the subjiH*t. and, probably in 1798, 
lighted a part of the works with coll goa. In¬ 
dependently of Murdoch, but at a rather later 
date, Philippe lybon of I’oris also employed for 
lighting purposes the gas evolved by tHie dis- 
Elation of wood, the dale of his first {latent 
beiim 1790. 

from 1803 onwards, installations of coal-gas 
plant were introduced for lighting various 
nouses pnd {aotorics, largely by Mu^och and 
l^uiton and Watt, but tlj.ey do not Appear to 
have contemplated the erection of works for a 
public supply of the gas, although this plan had 
Dew advocated already by Lobon. F. A. Winsor 
or Winter, a native of Moravia, diad become 
aocmainted with Lebou's ideas when in Paris, 
and on settling later in London, be commenced 

agitation for the foundation of a company 
for the manufacture and supply of com 
• gas, and marred though bis ^orts were by 
grass oxtravaganoe ol statement wnd un¬ 


justifiable claims, they were nevertheless 
eventually successful in 1810 in obtaining 
an Act of l*arliamont for the formation of a 
Statutory Company in London, which two 
years lator n*ceivetf a charter of incorporation, 
and still continues under the name of the Gas 
Light and Coke Co., London.^ 

From this time forward, the m^ufaoture 
aud public supply of cuul gas has steadily in¬ 
creased, but until the lawt quarter of the 19th 
century, tlie coal gas wits almost exclusively 
employed for illuniinatiiig purposes, by utilising 
the luminosity developed by burning it in open 
flames, and tlic quality of chief importance was 
its illuminatihg power. During the last 40 
years, however, tlio conditions have completely 
altered, owing to steadily increasing employ¬ 
ment of tlie gas for the {lurposcs of heating 
cooking, and for the production of power by 
its use 111 gas cngiiK's, for which purposes the 
calorific ])owor of the gas is the chief factor of 
importtturo. Moreover, since the introduction 
of the incandescent burner hy Auer von Weis- 
bach in I8H7, this inolhod of lighting, in which a 
mantle composed of thona and ceria is heated 
to mcamU'Kcencc by a Bunsi'ii flame, has, to a 
very great extent, replaced the open finme 
burners, the numbei of which is still steadily 
decreasing, probably Ichk than 5 p.c. of the gas 
supplied being now thus iwed. With the 
meandeseent burner, the light evolved is 
dependent mainly, though not entirely, on the 
ealorihc pifwer of the gas, but has no direct 
connection with its illuminating power when 
burnt m ojicn flames, so that at the present 
time, HO far as tlie great hulk of the gas supplied 
is concerned, its ealorilie power is the property 
j of primary importance. 

i During the last 50 years, progress 

j has also been mode in the manufacture oi gas 
I having low illuminating power, and containing 
; a large proportion of inert gas(« such os nitrogen 
I and carlKin dioxide, but which can be produced 
; at a low price and has still sufiicient calorific 
I power for employment in gas engines and for 
i furnace licating, and such gas ft now also {uro- 
, duced in very largo quantities, being, in most 
cases, manufactured at tlu^ works where it is 
required, and not distributed from a centnd 
station (icf Fuel), Here, however, only 
production of what is ordinarily known as 
^ coal gas * will bo considered, that is, the gas 
distributed for public use and capable of bdng 
employed at the deaire of the coi^umer fitf 
lighting, heating, or power purposes. The 
magnitude and extent oi this industry and the 
manner in which it has extended durii^ 34 
yoai'8 is shown in the table (p. 307), giving 
the summary of the figures in the Boud ox 
Trade returns from all authorised gas under- 
.takings belonging to 816 statutory gas com¬ 
panies or locu authorities for the years 1885, 
1909, 1913, and 1919. 

This table docs not include the produo^on 
of private companios, but their total oatpot Is 
very small, ana would not materially a£f^ 
figures. The total amount of coal oarbonliisg 
by these small private undertakingB, some 600 ih; 
number, is not more than 500,000 tons annuaSy. 

' For a full aoooimt of Gn eariy bbtory, m A.;> 
HUtoryof Gms Introdwte Qt Qai 0. 

Hunt (Valter Ktof). ^ 
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Ca^ 
or loan 
sutiiorised 

Paid up and 
borrowed 

Tons of 
ooid car¬ 
bonised 

Number of ^ Number of 
cubic feat of cable feet of 
gas made : gas sold 

muliit In 

mllM ■■“MIS 

Number 
of public 
lamps 
lighted 

1885 . 
1909 . 
1913 .« 
1919 . 

£ 

71,863,267 

154,600,093 

163,346,673 

176,353,107 

£ 

36,613,570 

132,123,284 

139,727,277 

149,978,430 

1 Uiousandi thousands 
8,378,004! 84,637,727 77,393,670 
15,226,320!193,547,394,177,686,943 
16,971,724 ;224,517,167 206,474,473 
19,033,712 249,666,414 228,637,998 

1 

18,967 i 2,095,026 
36,230 i 6,164,060 
39,079 ; 7,103,113 
40.109 1 7,640.133 

402,074 

712,903 

741,703 

646,713 


In addition to the gaa output, coko, tar, 
and ammonia are also produced in lai^o quan- 
titiee as by-produete. The exact tiguree for 
coke and tar are not available, but approxi- 
mately 7 to 8 million tons of coke and 1(10,000,000 
gallons of tar are now sold annually from gas¬ 
works alone. The production of ammonia from 
gasworks in 1920, calculated os sulphate, was 
176,196 tons. 

Principles of manufacture* Up to within 
the last few years, the methocl of manufacture 
of coal gas has rumainod in its general principles 
almost identical with that employed by Mur<loch 
and his immediate succ(«8ors (prominent among 
the latter being Samuel Clegg, senr., and ids son, 
Samuel Clegg, junr.), althougli in detail and m 
the m^nitude of the o^ieratioiu), great change 
has taken place. Ho far as the actual carbonisa¬ 
tion of tho coal is concerned, Murdoch, after 
experimenting with different types of retort, 
settled down to tho employment of long, narrow 
retorts set horizontally, into which the coal was 
charged all at once in suc'.h a manner as to leave 
a free space above tho coal throughout the whole 
length of the retort, the charge being then 
allowed to remain in the retort until it was com- 
|detely carbonised, when the residual coke was 
raked out and tho retort recharged with coal; 
and this plan is still the one employed in the 
majority of cases. At first, cast-iron retorts 
were rwed, but the rapid wearing f>ut of these, 
especially when the tiimporature of carbonisa¬ 
tion was increased, soon led to tho substitution 


' layers of this material. At a rather later date, 

^ liydrated ferric oxide, placed in similar purl* 

I fiors, was employed for tho removing the sul¬ 
phuretted hydrogen, the carbon dioxide being 
then either separately removed by lime of 
, allowed to remain in the gas. 

After the coal-gas industry became firmly 
established, there was, as already stated, for a 
: long time no material alteration in principle in 
the manufacture, but very considerable chaogee 
j took place in the details of the plant and in the 
I construction of apparatus of large 8i7.e to deal 
I with the constantly increasing demand. Until 
! about 1889, gas undertakings were subjected to 
but little effi>cti7o competition from other moana 
of producing artificial light, especially in towns, 

I but from that time, competition has steadily 
! increased, on the one hand from the electric 
i light, and on the otiior from the introduction of 
i cheap mineral burning oils, and the stimulus of 
i effective competition has resulted in a much 
' more rapid advance, both in the technical 
aspects 01 the manufacture of tho gas and in the 
j commercial methods adopted in its sale. 

The technical advances have, until recently, 
involved nogroat alteration of principle, and have 
consisted generally in improving the effloienov 
and economical working of the plant employed., 
and in tho introduction of mechanical transport 
for the large quantities of material which Imve 
to be dealt with, including tho adoption of 
labour-saving machinery. Further, the tern- 
I peratures at which the coal is carbonised have 


of fireolay for cost iron, and such fireclay retorts ; boon increased, resulting in a larger yield of gaa, 
have long been >in universal use, except in a | per ton of coal, and although such gas is of lower 
few very small works. illuminating and caloriho power, tho falling off 

The further treatment of the hot volatile is much less than the increase in yield, espedaffy 
products issning from the retorts to obtain as regs^ds the now more important quality of 
a gas suitable for distribution, still gene- caloriffo power. In consequence of these changes 
rally follows the linos adopted in the earlier and the increased use of gas for other purposes 
days of the industry. These products are first than that of lighting, which has resulted In a 
cooled to approximate atmospheric temperature, more uniform (mmand for gas over the 24 hours 
when the condensible vapours liquefy, formii^ of the day and in the summer and winter 
tar, and the steam alwa^ present in quantity months, the price of gas had, up to the outbreak 
condenses to water, the latter then dissolving of war in 1914, On the average, steadily faibn, 
part of the ammonia present in the gas as well in spite of the fact that the cost of the raw 
as other gaseotu impurities, especially sul- materials and the rate of labour romunm'ation 
phuretted hydi’<^cn and carbon woxide. The had risen considerably. 

remainder* of the ammonia is removed by The actual price varied very much, accord- 
washing with water (wet purification). For ii^ to local conditions, such as the magnitude 
the further purification of the gas, the latter, t>f the worbi and its distance from suita^ ooid 
after removal of the ammonia, was in the supplies, slid also wftb the character (A the 
oarlieet stages of the industry passed through financud and technical administration df 
milk of lime, which removes the whole of the undertaking, both in the present and in riie past* 
liiKlpfLiuetted hydrogen and carbon dioxide, and Up to the ye^r 1914, the lowest price obaigsii 
wme of the i^urbon disulphide present in small was Is. 2d. per 10<M cubic feet for goofflld 
aBKmnt, but tho use of milk of lime was soon purposes and U. per 1000 cubic feet for powwr 
rw^aoed by that of slaked lime in a sightly purposes, and except in the case of small under- 
Butet Gonoition (dry pnrificarion), placed in takings at a distance from the ooal-&ddli, 13 mi 
bgfflies in a closed purifier constracM in such a price rarely exceeded 3e. fid. per 1060 cutdo fe^. 
wanner that the gas filtered through soocessive Since the year 1914, however, tke vagr 
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groat incroaao in tho c(wt of coal, plant, materialu, 
and labour haa roaulted in a corresponding 
largo incroaso in tho cost of gas, and whilst as 
boforo tho price cilmrgeil in different parte of 
the country varioH greatly in accordance with 
local conditiciriH, tIuM now generally amounts 
to about double! the pre-war charge. At the 
same time a niaierial r(!duciion in Vic calorific 
power of thc^ giuc Itus taken place in most cases, 
partly due to tivo coal and oil shortage!, partly 
to th<> difhculty of maintaining the inanufuctur- 
irig plant in cttici<!nt repair and of building 
oxtonsiotis of plant, and partly owing to the 
nc!Cc<Hsity for war purposes of extracting the 
boii'ACMie and ioliuuic content of the gjis. Owing 
to this abnormal state- of affairs, the vanous 
statutory stipulations as to the calorific or 
illuminating |)o\ver of tin- gas to be- supplied by 
the various gas unclertalvings w(-ie practically 
HUspondc*<l (luring ihc! lallc-r part, of the Mar 

f ieriod. At its conclusion tin- Fuc-l Itc-searcli 
loard of the 1 it'parlnu-nt of Srji-ntific and 
IncliiKlrial Ib-.-a-arch wc-ic- askcai by tlie tiovc-rn- 
ineiit to repor t on t he mat b-r of the future- c <mfml 
of the industry, and their recommendaticuis, 
modified in ci-itnin delHils afti-r consuh-ralion 
hy the Board of 'J'radc- and consultation with the 
(Jas Industry, w-c-re made statutory by tiio (his 
Jicgulution Act (tf 15)20. 

By this Act fundamental iiud far-rc-acliing 
alt-eriitions uc-n- made- in the- concUtions under 
which stratutory gas undertakings were to carry 
on tlieir business, l^p to tliC! yc*ar 1913, the 
gem^ral |)riucu»Ies adopt(-d m Die control wc-re 
as follows: in the c ase- of gas uiulertakiiigs 
contmllc-d by Bocal Authorities, a eertam 
miiumum dlumiiiatmg power was prescribed in 
the .S|M‘(-ial Ac-t relating to (lie undertaking, and, 
in addition, tin- ma\nmim price which could be 
ehargc'd per KMH) cubic feet, of gas. and the usual 
c-lauses with regard to sinking fund for repay¬ 
ment of capital. In tlic earlier period under* 
takings owned l>y companu's wc-rt- treaU‘d in a 
Bomewhat similar maimer, their minimum 
illuminating power and a maximum jirice bc-ing 
prcBorilK'd, and also a maximum dividend pay¬ 
able. It was also usually provided that any 
new capital raised hy suc-K companies must be 
sold either by auctum or by tender and not 
isHued at its par value. Later the ma.ximuni 
prieo and maximum dividc-nd clauses were 
droppcnl in tlu' c-ase of Die majority of the 
statutory c-o!n[»anies. and replaced by the 
adoption of a " standard price ” and “ .standard 
dividend,” and a sliding scale introduced, 
whereby for each penny the price of gas was 
reduced bedow the standard price, an additional 
dividend (mostly about |^th per cent.) was 
})ayable alnive the standard dividend, and tier 
trrm, if tho price of gas increased alnivo the 
standard, a similar amount had to be deducted 
from tho dividend payable. Those sliding seale 
clauses, which made it to tlie interest‘‘of the gas 
companies to reduce the price to its lowest 
possible figure, hod given general satisfaction 
up to the outbreak of war in 1914,*but the great 
increase in costs of coal and other*materials so 
increased the cost of gas above the standard 
prieve, that the sliding scale resulted in a ve^ 
gVeat reduction, and in some <!asos a dis* 
appearance of the dividend payable. As a 
temporary measure, a Act was passed in 
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1917 whereby it was enacted that till the end of 
the war, the sliding scale clauses should not be 
operative after they had reduced the di^dead 
payable to two-thirds of the standard dividend. 

The actual illuminating power proscribed 
varied conHiderably with the different under- 
takings according to t he conditions of coal suwly 
and the character of the demand for gas, and in 
tlu* years just jircceding 1913, a few undertakings 
had received parliamentary sanction for the 
substitution of a calorilie jiowcr standard for an 
illuminating powi-r standard. 

'I’hc most fundamental cliangc made by the, 
t;a.s Regulation Act of 1920, is that of the basis 
on which the gas is eharg(‘d for. In place of a 
cliarge based on tlie volume of gas (1000 cubic 
feet) of a.s])e< iii<‘d illuminating or calorific power 
the charge will m future be made on the number 
of British 'riiennal Units ((Jross) contained in 
the gas Huppli(‘d, or in other words, on the 
Potential Knergy eontainod in tho gas, and all 
stipulations as to tlu- illuminating power of the 
gas in open rtame bunu-rs arc repealed. The 
j unit of im-aKiireinent is taken as JOO.tKM) British 
'J’hormal Units Gross, which is defined by the 
Act as ” a therm.” 

Eaeli undcrtaldng is left free to “ declare ” 
what ealorifu! jiower of gas per cubic foot it 
will supply, having regard to its local conditions 
I in respeet of coal supplies, manufacturing plant, 

' but it must tlu-n maintain such declared 
calorific power as a minimum, under jienalty for 
failure, or give due notice of such alteration and 
carry out at its own (!ost any necessary ad¬ 
justments of consunuTs’ appliances as may be 
ncc(!ssary to eiialilo them to use the gas of 
altered quality Muth eflieienoy. 'J'he tmtual 
voluino of gas sujiplied to consumers will bo 
determined by meters as at present, and the 
volume of gas shown, multiplied by the calorific 
power per cubic foot and divided by 100,0(K)# 
will give the number of therms on which the 
charge is to be made at tho price determined 
by the Act or Order of the undertaking con¬ 
cerned. 

Further, the Board of Trade are authorised 
to substitute for the maximum price or standard 
jiriee per 1090 cubic feet of gas sjiecitiod in the 
' Acts or Orders of each undertaking, a price per 
therm as nearly as may be corresponding to the 
former price per 1000 cubic feet, but “ with 
sucli addition as ajipcars to the Board reasonably 
required in order to meet the increases (if any) 
due to circumstances beyond the control of, or 
which could not reasonably have been avoided 
by, the undertakers, wliich have occurred since 
June 30th, 1914, in the costs and charges of 
and incidental to the production and supply of 
gas by tho undertakers.” 

in addition, the former clause as to the 
absence of sulphuretted hydrogen from the gas 
is maintained, and a more stringent stipulation 
as to the minimum permissible pressure of the 
gas is made, this not to be less than 2 inches 
of water in any main or service pi^ between 
' the main and tho meter exceeding 2 inches in 
diameter. In view of the difficulties caused by 
the war in carrying tiut renewals and extension 
of manufacturing plant and thw distributioo 
, system, 6 years are allowed before the above 
i prwsuro stipulations become fully operative. 

I The Act also sripulated that the Boai^ 9t 
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Tmde should aa soon as nossiblo cause inquiriei 
to be held into two otnor matters on whioh 
opinion was divided, namely, (1) whether any 
T^riction should be made on the ]>on:cniago 
of carbon monoxhlo siippHod in gas used for 
domestic purjwsos, and (2) whether thei'e should 
be any limitaiinii in the })ereent>aKe of incom¬ 
bustible constituents prestmt in the cas. Com¬ 
mittees appointed by the Hoard of Trade have 
sinoe reported that no restriction is advisable 
in respect to carbon monoxide. In res|K*ct to 
incomDuatiblo constituents, the committee al.so 
report that no restriction is advisable at present, 
but rc(M)mmend that tlic matter should bo furtiier 
considered after n pcricxl of a few years when 
more evidence will he available, owinp: to gas 
undertakings having had a period of working 
under the new conditions resulting from the 
Act of 1920. 

As there are over 800 statuary undertakings, 
each with its separate Act. or Onler. a <*onsidcr- 
able period is necessarv for the Hoard of I’mde 
to effect the revision of these, and although pro¬ 
gress has be(‘n made, only a minority of the 
undcriakingH ar<* yet working under tlu* new 
conditions. Among those which are, there is a 
oonsidorable difference' in the caloritic value 
“ declared ” whii^h varies from a maximum of 
ASO B.Th.U. per cuhie foot in tlm ease of 
the South M<‘tropolitan (Jas (V) . down to 
400 B.'rii.U. ; in the gr<“at uiajonty of eases, 
however, the declared value is between 450 and 
500 B.Th.U. Widely varyuig views are at 
present held as to the most cconoimcal calorific 
value for the supply, some regarding a much lower 
colorific power than 4fK) B.'l'h U. os the most 
advantageous, an<i a much more extended 
experience of working under the new confbtions 
will be necessary before a fairly general agree¬ 
ment can be come to lM*tween the conflicting 
views. Thert; is little doubt, however, that the 
next few years will bring about considerable 
changes in methods of working from those 
contained in the present article, both in improve 
monto of old, and development of new methods. 

In the United States, and also in ('anada, 
following on the development of the oil-lields 
and resulting cheap od supply, the manufacture 
of coal gas was laigely superseded by that of 
carburettod water gas, i.e. of a mi.vturo of 
water gas and oil gas of approximat.ely the same 
illuminating power and calorific power as coal 
gaS|i and in 1010 some 80 p.o. of the gas supplied 
consisted of carburetted water gas; sinoe that 
date, however, the tendency has been in the 
direction of increasing the proportion of coal 
gas supplied In this country also, from 1890 
onwards, many gas undertakings have a^o 
manufactured carburetted water gas, which 
was mixed with the coal gas to an extent not, 
as a rule, exceet^ng 40 p.c. of the output of 
any individual undertaking. 

In Uie year 1913, nearly 24,000 million cubic 
feet of blue-water gas, and carburettod water gas 
were made in the united Kingdom or 10 8 p.c. 
of the total production, and only a very 
small proportion of this was blue-water ga«. 
Since that date the increasing scarcity and rising 
prioe of oil has brought about a large reduction 
of the auumnt of oil used in this way, and the 
addi U Mi of blue-water gas without oil enrich- 
teent has greatly increased, this being made 
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either in separate |dants or b;y the introduction 
of steam into the retorts during carbonisation. 

In 1919, the total amount of l^luc-watcr gas 
ami carburetted water gas nrotluecd in separate 
plants amounted to 38,500 million cubic feet, 
or 15'8 p.c. of t he tx>tal jiroduction ; no figures 
are available as to the amount of water gas 
produced by Hioaming in the retorts, as this 
cannot be moasumi separately from the coal 
gas simultaneously produced, and is conse¬ 
quently Included in the coal-gas figurt*s. The 
amount of oil used, on the other han<l, dt>croaBod 
from 58 million gallons in 1913 to 34 million 
gallons in 1919. 

Gas coal. In this country, by far the largest 
proportion of coal employed for gns-in»king 
purjioscs is pf the character known as bitu- 
ininoiiB caking eoal, i.c. a coal which, in addition 
to yielding a large volume of gas, also forms a 
plastic moss during tho early stages of heating, 
and then sulwiMjuently undergoes carbonisation, 
and results in tho production of a coherent coke 
of goo»i commercial value. The non-caking 
bituminous coals, even when yielding a laigo 
volume of gas, only give a poor coke, having tiie 
same shape and siwi os the pieces of coal car¬ 
bonised, and having a low selling value. These 
are thertffore only employed in eaaf« where 
local conditions are such that non-caking 
coals are obtainable at a cost sufficiently below 
that of caking coals, to comjienaate for the 
lessened value of tho coke produced. This is 
especially tho cose in Scotland, whore tho 
Scotch splint coals are often of a non-caking or 
only f(«‘bly caking quality. 

A further exception to this rule also occurs 
in tho case of cannel coal, which was formerly 
used in considerable quantity, os, although the 
coke obtained was almost useless, it gave a very 
largo yield of gas of high illuminating power, 
and a certain proportion of cannel was therefore 
used in many works to enrich the gas given by 
poorer coals to the statutory quality. At tho 
present time, however, very little cannel is 
employed: fimtly, b^ause tho increasing 

scarcity of good cannel caused a rapid increase * 
in its price some 30 years ago, on which account 
oil from petroleum was largely used in ite stead 
for enrichment, either by makii^ this into oil 
gas or carburetted water gas and adding these 
gases to the coal gas. In place of the use of 
cannel, the low-quality gas was also frequently 
enrich^ by carburetting with volatile hydro¬ 
carbon vapours, such as tne low-boiling paraffins 
and benzene. In the second place, owing to' 
tho lessened importance of illuminating power, 
enrichment of tho gas was larmly given up. and 
the quality reduced to such a figure as can 
be obtain^ direct from the caking coals most 
readily procurable - in the loo^ty the 
particular gas undertaking. 

The rieh cannel (wals were chiefly obtelned 
from the Wigan coal-field in Lancashire and ihe 
Lanark coal-field in Scotland, but the supplies 
are now laig^y exhausted. Poorer canneis are 
found to soifle extent in most of the other coal 
districts, but these often give little or no bettw 
yield and Quality of gas than the bituminous 
coals, and also give rise to a rery low quality of 
coke, and are therefore only used, when the prioe 
at which they can be purchased is very low. 

It is held many that, in view of the faet 



QAB, OOAI*. 


that cannol coals are capable of giving much 
higher yields of crude oil when suitably carbon¬ 
ised than can }>e obtained from coab oannel 
coals should be reserverl for such crude oil 
production, and a good deal of experiinental 
work Imw l)cen earned out in tliis direction. 
Up to th<^ present tlio process of such crude oil 
production from (^aimei and similar materials 
baa not lioen earned out on a sufbciently extended 
scale to dotennino fully its commercial practica¬ 
bility. 

Chief sources of gas coals. Oas coal occurs 
in all the coal-yielding an^os, but the chief 
supplies o<‘<;ur in the Niiwcostle or Durham 
district, South Yorkshire, J.,ancasiure, Derby- 
ahiro, and N<)rtli StalTordshire. Smaller amounts 
are obtained from North Wales, ^South Walt's, 
and Somerset. (JeiuTally spttaking, m order to 
retiuco tin* cost of t^nrnugt'. a gas undertaking 
obtains its coal from Mx' iieanwt tU'ld producing 
a suitable quality. In the London district, 
however, and also for the most part in the 
south and south-west of Knglana, the main 
supply is drawn from the Durham held, the 
greater distance away of thwe collieries being 
more than ej)unterbalanc(;d hy tht^ fact that the 
coal is brought for the gn;at(‘r pari of the way 
by coasting sUNimers instead ol by rail, which 
reduces the rate of carnage. 

Tim coals obtamed from the different seams 
in the same district, ami often even from the 
same seam, vary considerably in their projierticfl 
from a gas maki'r's jioint of view, and with one 
and the same sumple of coal, the gus results 
aiso dcfiend greatly upon Die conditions under 
iriiich it is carbonise<l. Nevertheless, the coals 
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from each district have, as a rule, oertadn 
charooteristios wiiich distixi^ish them from 
those of other localities. This is especially 
the case with the coals from the Durham fielo, 
these, for the most j>art, undergoing carbon^- 
tion more slowly than tlie others under similar 
conditions, and yielding a harder and denser 
coke. They abo yield a thicker tar of higher 
sji.gr., .Aud in general give a somewhat lower 
yield of ammonia. The North Staffordshire 
coals also yield coke of good quality, the gas 
ook(' from both those districts being, on the 
average, Hujicrior to that from Yorkshire, 
Derbyshire, and Lancasliire coal. 

Valuation of gas coal. The simple elemen¬ 
tary analysis of coal, giving the percentages of 
moisture, carbon, liydrogen, oxygen, nitrogen, 
suljibur, and ash, afforib but very little informa- 
tmn os to its value for gas-malcing purpcees. If, 
however, os ilrsli pointed out by Bunte (J. 
Gaabel. IKH8, ffl, 895), the figures for moisture 
and ash bo eliminated, and the percentage 
composition of the actual coal substance calcu¬ 
lated, it is possible to judge the general proper¬ 
ties of the coal from the figures obt'ainod. 

8t. Ulaire Deville published a table (below), 
giving the results obtained from five typical 
samples of coal, which wore subjected to analysb 
and gas-making U^ts in the coal-testing plant 
of the Paris Gas Works. Goals of Type 111 
(7'r)-9-0 p.c. of () in the coal suDstanoe) 
rejiresont the best tyj>e of gas-making coals, 
giving a good yield and quality of gas and 
also good coke. Goals of Types 1 and II 
prfKluce much coke and a poor yield of gas, 
whibt with Types IV and V the gas results are 
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CoHPOSmON OF THE GaS IK PER CBKT. 
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Qi^xin dioxide . * . . *. . 1 '4’ 

Oarbon monoxide . . . . . 0‘fft 

Hydrog^ . . . . . . , 54‘2i 

Methane and nitrogen •% - • ^ 

Heavy hydrocarbon , . , | 3*2’ 

j fipeolfio gravity of the gas. . . | .0*31 

Oaa eonaumption for equal oandde power • ; 132*1 


Type I. ' 

Type 11. 

Type in. 

Type IV. 

Type V. 

6-50 > 

fi-fiti 

7*71 

10-10 

11-70 

5 06 1 

5*37 

5-40 

5-53 

5-64 

88*38 ; 

86*97 

85*89 

83-37 

81-68 

1*00 ; 

! 

1*00 

100 ; 

1-00 

1-00 

t 

2-17 * 

1 

2-70 

3-31 , 

4-35 

6-17 

26-82 

■ 31-59 

33-80 I 

37-34 

39-27 

73-18 

1 

! 68-41 

60-20 j 

62-60 

60-73 

13-70 

15-08 

15*81 i 

16-96 

17-00 

3-40 

; 4*65 

6-08 i 

6-48 

5-69 

4-58 

5-22 

6*80 i 

8-62 

9-86 
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9-88 

11-93 
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6010 

46-46 

46-26 

34-37 

34*43 

36*03 

36-42 

37-14 

3-27 

4-01 

4*94 
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8-58 

6-54 

.0-352 
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0-399 < 

0-441 

0-481 

132-1 
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Tmde should aa soon as nossiblo cause inquiriei 
to be held into two otnor matters on whioh 
opinion was divided, namely, (1) whether any 
T^riction should be made on the ]>on:cniago 
of carbon monoxhlo siippHod in gas used for 
domestic purjwsos, and (2) whether thei'e should 
be any limitaiinii in the })ereent>aKe of incom¬ 
bustible constituents prestmt in the cas. Com¬ 
mittees appointed by the Hoard of Trade have 
sinoe reported that no restriction is advisable 
in respect to carbon monoxide. In res|K*ct to 
incomDuatiblo constituents, the committee al.so 
report that no restriction is advisable at present, 
but rc(M)mmend that tlic matter should bo furtiier 
considered after n pcricxl of a few years when 
more evidence will he available, owinp: to gas 
undertakings having had a period of working 
under the new conditions resulting from the 
Act of 1920. 

As there are over 800 statuary undertakings, 
each with its separate Act. or Onler. a <*onsidcr- 
able period is necessarv for the Hoard of I’mde 
to effect the revision of these, and although pro¬ 
gress has be(‘n made, only a minority of the 
undcriakingH ar<* yet working under tlu* new 
conditions. Among those which are, there is a 
oonsidorable difference' in the caloritic value 
“ declared ” whii^h varies from a maximum of 
ASO B.Th.U. per cuhie foot in tlm ease of 
the South M<‘tropolitan (Jas (V) . down to 
400 B.'rii.U. ; in the gr<“at uiajonty of eases, 
however, the declared value is between 450 and 
500 B.Th.U. Widely varyuig views are at 
present held as to the most cconoimcal calorific 
value for the supply, some regarding a much lower 
colorific power than 4fK) B.'l'h U. os the most 
advantageous, an<i a much more extended 
experience of working under the new confbtions 
will be necessary before a fairly general agree¬ 
ment can be come to lM*tween the conflicting 
views. Thert; is little doubt, however, that the 
next few years will bring about considerable 
changes in methods of working from those 
contained in the present article, both in improve 
monto of old, and development of new methods. 

In the United States, and also in ('anada, 
following on the development of the oil-lields 
and resulting cheap od supply, the manufacture 
of coal gas was laigely superseded by that of 
carburettod water gas, i.e. of a mi.vturo of 
water gas and oil gas of approximat.ely the same 
illuminating power and calorific power as coal 
gaS|i and in 1010 some 80 p.o. of the gas supplied 
consisted of carburetted water gas; sinoe that 
date, however, the tendency has been in the 
direction of increasing the proportion of coal 
gas supplied In this country also, from 1890 
onwards, many gas undertakings have a^o 
manufactured carburetted water gas, which 
was mixed with the coal gas to an extent not, 
as a rule, exceet^ng 40 p.c. of the output of 
any individual undertaking. 

In Uie year 1913, nearly 24,000 million cubic 
feet of blue-water gas, and carburettod water gas 
were made in the united Kingdom or 10 8 p.c. 
of the total production, and only a very 
small proportion of this was blue-water ga«. 
Since that date the increasing scarcity and rising 
prioe of oil has brought about a large reduction 
of the auumnt of oil used in this way, and the 
addi U Mi of blue-water gas without oil enrich- 
teent has greatly increased, this being made 
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either in separate |dants or b;y the introduction 
of steam into the retorts during carbonisation. 

In 1919, the total amount of l^luc-watcr gas 
ami carburetted water gas nrotluecd in separate 
plants amounted to 38,500 million cubic feet, 
or 15'8 p.c. of t he tx>tal jiroduction ; no figures 
are available as to the amount of water gas 
produced by Hioaming in the retorts, as this 
cannot be moasumi separately from the coal 
gas simultaneously produced, and is conse¬ 
quently Included in the coal-gas figurt*s. The 
amount of oil used, on the other han<l, dt>croaBod 
from 58 million gallons in 1913 to 34 million 
gallons in 1919. 

Gas coal. In this country, by far the largest 
proportion of coal employed for gns-in»king 
purjioscs is pf the character known as bitu- 
ininoiiB caking eoal, i.c. a coal which, in addition 
to yielding a large volume of gas, also forms a 
plastic moss during tho early stages of heating, 
and then sulwiMjuently undergoes carbonisation, 
and results in tho production of a coherent coke 
of goo»i commercial value. The non-caking 
bituminous coals, even when yielding a laigo 
volume of gas, only give a poor coke, having tiie 
same shape and siwi os the pieces of coal car¬ 
bonised, and having a low selling value. These 
are thertffore only employed in eaaf« where 
local conditions are such that non-caking 
coals are obtainable at a cost sufficiently below 
that of caking coals, to comjienaate for the 
lessened value of tho coke produced. This is 
especially tho cose in Scotland, whore tho 
Scotch splint coals are often of a non-caking or 
only f(«‘bly caking quality. 

A further exception to this rule also occurs 
in tho case of cannel coal, which was formerly 
used in considerable quantity, os, although the 
coke obtained was almost useless, it gave a very 
largo yield of gas of high illuminating power, 
and a certain proportion of cannel was therefore 
used in many works to enrich the gas given by 
poorer coals to the statutory quality. At tho 
present time, however, very little cannel is 
employed: fimtly, b^ause tho increasing 

scarcity of good cannel caused a rapid increase * 
in its price some 30 years ago, on which account 
oil from petroleum was largely used in ite stead 
for enrichment, either by makii^ this into oil 
gas or carburetted water gas and adding these 
gases to the coal gas. In place of the use of 
cannel, the low-quality gas was also frequently 
enrich^ by carburetting with volatile hydro¬ 
carbon vapours, such as tne low-boiling paraffins 
and benzene. In the second place, owing to' 
tho lessened importance of illuminating power, 
enrichment of tho gas was larmly given up. and 
the quality reduced to such a figure as can 
be obtain^ direct from the caking coals most 
readily procurable - in the loo^ty the 
particular gas undertaking. 

The rieh cannel (wals were chiefly obtelned 
from the Wigan coal-field in Lancashire and ihe 
Lanark coal-field in Scotland, but the supplies 
are now laig^y exhausted. Poorer canneis are 
found to soifle extent in most of the other coal 
districts, but these often give little or no bettw 
yield and Quality of gas than the bituminous 
coals, and also give rise to a rery low quality of 
coke, and are therefore only used, when the prioe 
at which they can be purchased is very low. 

It is held many that, in view of the faet 
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Fig. 1 girc« a diagrammatic representation 
in plan of the main features of a gaaworlra 
oapabio of making from 10 to 15 million cubic 
feet of gas per day, and having connection both 
with rail urul water, tin* works being divided 
into two (-r>nij>le(ciy HCjiaratc sectionH, so far as 
manufactiuing plant is i-oncemed; the goa 
from each seciion, howevc.r, joins togctlier at 
the inlet to tfic gas holders, which can l>e lilled 
from citlier section. It very rarely happens, 


howover. that the disposition of the site renders 
so syinraotrical an arrangement possible. 

CARBOmSATION OP THE COAL. 
llroadly speaking, tho process of carbonba- 
tion, wliicii IS by far- tlio most iinjior^nt part of 
j the manufacture, consists in subjecting the coal 
I to distillation in closed vessels from which air is 
' oxchulcd, whereby it is Split up into two portions, 

I namely, a volatile portion which escapes worn the 



Fio. 1. 

retort, wd by subsequent treatment yields tor, ; will bo more conveniently considered after a 
ammoniaoal liquor, and permanent gas, and a ; description of Uio actual process of carbonisation 
non'Volatile portion consisting mainly of carbon as it is at present carriea out in the majority of 
and the ash of the original coal, which remains gasworks. 

behind in the retort os a mrous mass^of coke. Manufacture of gas in horizontal nftorte. 
The nature and amount oi the constituents of | The material employed for the manufacture of 
the volatile j^ducts, as well as tho composition < retorts consists at the present time idmost 
and physical nropertiee of tho residual coke, i universally of fireclay, and for modem oar^nis* 
depend not omy on the nature of the original | ing conditions, the quality of the latter shoold 
coal, but also to a large extent on the tempera- i be such that it will witl^tand temperatures up 
turo employed for its oarbonisarion and on the I to 1300*^-1400'’, and should not develop serious 
manner m which the heating is carried out. The i cracks when subjected to such rapid alternations 
nature of tho physioai and chemical changes of temperature as inevitaUy occur wlMn ^ 
which ooour is exooedlngly oomplex, and these, hot retort is recharged with a cold mass ol oo^ 
so far as they have at present been elucidated. The shape of the retorts isHoag and narrow^ hhe 
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being from 9 to 10 feet when the retort 
18 ctoeed at one end, or from 18 to 22 feet when 
a ‘ through ’ retort is employed, eiosed a 
mouthpiece and lid at each end, this last l>eing 
now the plan mostly a<iopicd in works of medium 
and large The width of the rot-ort varios 

usually from 18 to 25 iiichcH ami the depth from 
13 to 16 inches, the size IG-imh by 22-inch 
being probably used more than any other. Tlie 
shape of cross section employed vanes very 


.1 




and 5, which give diagrams showing the cross 
section and throe longitudinal sections of a bed 
of eight through retoits. The gases by which 
the retorts are heated circulate around the 
retorts in each of the vortical chambers formed 
by the cross walh. travelling first upwards along 
the inner Hi<los of tlio retorts, and thonoe over 
the top of the highest rotorts and down along 
the outer sides of the retorts and away to the 
chimney. 

'rhe method formerly adopted for heating 
was that of direct liring, a shallow coke fire 
being maintained on a lioarth placed in the 
centre of the setting below the middle retorts. 
With such firing the heating of the retorts is 
oCFoetod solely by the sensible heat of the pro* 
ducts formed by the combustion of the 
carbon of the coke by the oxygen of the air, 
i.e. carbon dioxide, nitrogen, exeews of oxygen, 
and in order to get the r('tort*< properly heated 
in the part with whicli the gas last comes in 
contact, it is nccosnary that the temperature of 



considerably; m a few instances, circular 
retorts are employed (to wliic-h, of courHC, the 
alM)VC-mention(“d dinuMisions of width and depth 
do not apply), in othci-s oval retorts, but the 
majority have now a flat bottom and circular 
top and have approxiinatoly tlie shape of a half- 
inverteil 1 >, q, and are commonly known as 
D-rotorts, the lonu'js between the bottom and 
sides being, Iiowov<t, always rounded, to 
facilitate the removal of the coke, anfl to render 
the retort less liable to crack. The thickness of 
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the retort wall is 3 inches, increased to 4 inches 
at the mid to facilitate the fixing of the iron 
mouthpiece and lid. 

A number of these retorts are fixed hori¬ 
zontally in a single brickwork arch, the number 
n sQoh a setting varying genenUly from 0 to 12. 
The retorts are suppoi^ by tnsMvorse brick 
walis, placed at intervals thr^ghdtrti the length 
of the retort, and extending to the top of the 
aroh enclosing l^e setting, the method of con* 
atametum bsi^ clearly shown in Figs. 2, 3, 4, 


the latter must not be below about 1000'^ when 
they pass away from the setting. As in addi- • 
tion, a considerable excess of air must be used 
to got complete combustion of the coke, this 
excess ot air likewise passes away to the chimney 
at a high temperature, resulting in great waste 
of fuel, and the actual consumption of coke for 
heating such dircct-tired settings amount to 
25-30 p.c. weight of cool carbonised. 

At the present time, in installaiioas of any 
size, this method of direct firing has been 
abandoned in favour of gaseous heatiiM. For 
this purpose, a deep producer is provided for 
each bed of retorts, as shown in Kgs. 2 to 5, 
which is chaiged with hot coke, when required, 
by allowing the incandescent coke from the 
retorts to fall directly into it. A limited supply 
of (ur (grimary ai^ is a^dmitted below the 
furnace bars, and passing through the deOT layer 
of coke, the oxygen is converted chiefly into 
carbonic oxide and to a smaller extent Into the 
dioxide. Steam is introduced along with the 
primary air, as water is allowed to dnp on to fiie 
furnace 'bare to prevent their burning th70iig|^ 
ftttH water also evaporates from that sept in nie 
ashpan below the surface, and this stMm is 
laigely converted into hydrogen and esslxm 
monoxide in passing through the incandescent 
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lu^. The prcBenoe of steam lowers the tempera* 
ture of the fuel in the f;onerator, thus roduoing 
wear and tear of the liQini(, and also prevenU 
the fusion of the clinker formed from the ash, 
and renders it more readily removable. The 
oomposition of tlie gas vari4« wjcording to the 
proportion of air are! Hk^ara used, but generally 
approximates to the following example :— 
(•arlwm dioxide . . . 6*2 p.c. 

(''«.rb<)n monoxide , . 24'4 „ 

Hydrogen .... H'D „ 

Methane .... O'K „ 

Nitrogen . . . . (il’O ,, 

The proilue(!r gaa thus oblamcd consists to 
the extent of aitout two-thirds of incombustillo 
gasiw, uni! i.s nut an ideal one for obtaining very 



Fig. 5. 

bigh»tomperatureH; but It is, nevertheless, fully 
capable of developing the higliest temperature 
required for carbonisation—this being made 
more easy by riuison of tlio fact that it enters 
the setting already heated to a very high 
temperature. )''urther, as will be seen mrectly, 
the air required for its combustion also enters 
* the sotting at a modcratelv high temperature. 

In very brief outline, the method of working 
the setting is os follows : The hot furnace gas 
ooUoots above the coke, and then passes 
through nostril holes cut in the furnace arch; 
one or more nostril holes being placed at the 
bottom of each of the vertical apaoea formed by 
the cross walls supporting the retorts {ntf'. 
Figs. 2 to 5). As it ontem the setting, the 
‘ furnace gas is met by the stream of secondary air 
neoessairy for ita complete combustion; this 
being introduced by suitable flues so arranged 
that a supply of air meets each stream of furnace 
gM issuing from the ncetrils in the furnace arch. 
Complete combustion of the gaa takes place as 
the streams of fonmee gas and air intermix in 
their oiroulation around the retorts ; * the heat 
thus evolved c-ausing the temperature of the 
latter to be rmaed to the require point. 

The waste gases leaving the setting have 
inevitably a hign temperature, as they must be 
suiBcieDtly hot to raise the temperatuie of the 
last portions of the retort with which they 
oome in oontaot to the carbonising terqperatuze 
required, and H allowed to pass dire^ to the 
ohimney much loss of heat would ensue. To 
effect a partial xqeovery of this heat, the waste 


gases, on their way to the chimney, pass th 
the regenerator, which consists essentially of a 
series of flues ^jacent to and separated by a 
tfiin fire-brick partition from a parallel set of 
flues through which the secondary is allou^d 
to flow oil its way to the setting, tsavcUing in 
the roverwo direction to the wastc-gas stream. 
Much of the heat of the latter is thereby trans* 

' ferred to the secondary air, and thus carried 
I back into the sotting, resulting both in economy 
! of fuel and enabling a higher temperature to 
be obtained with a lower fuel consumption than 
would otherwise be the cose. 

Tlio arnoiint of jinniary air admitted to the 
' furnacu and of secondary air to the sotting is 
j controlloil by suitable slides on the ports of 
: admission and l)y datnTiors placed at tlie outlet 
of the ri^gciieratrors. In a sidting of through 
retorts, these last are usually four in number, 
each taking the waste gas from one quarter of 
, the sotting, so that by their adjustment, not 
' only is th(5 total amount of gases (Irawn through 
the setting controlled, but also the jiroportionato 
^amounts drawn into the ditfcront parts. By 
suitable regulation of the primary air slides and 
i dampei’s, the furnace is made to produce the 
requisite quantity of gas for the proper heating 
of the setting, and tlu* secondary air slid^ are 
adjusted to siq)ply as nearly as practicable the 
exact quivntitv of air required for the complete 
; combustion of the furnace gaa. With this method 
; of heating the fuel, consumption ia reduced to 
about one-half that required with direct bring, 

1 vi/.. from 12 to 15 p.c. of the weight of the coal 
carbonised, whilst simultaneously much higher 
retort temjK'ratunu are attainable. 

, The charging of the coal into the retort and 
I the withdrawal of the coke produced were 
; formerly always effected by manual labour, 

, the coal being charged with the shovel, or by a 
I scoop run into the retort by hand, and then 
1 inverted and withdrawn, the coke bein^ drawn 
by a rake. This plan is still adopted m small 
works, where the magnitude of the operations 
, is not sufficient to make the installation of 
I machinery remunerative. In larger works, 

, however, the operations are now usually 
I effected mechanically, a considerable number of 
I machines of different typo being at present in 
> use. Limitations of space, howevm*, prevent 
j anythii^ more than a very general description 
I of these machines. In the earli^ machines, 

! which were widely adopted, namely, the West 
I and the Arrol-Foulis machines, the existix^ 
manual method was closely imitated by meohani* 
oal means, the charging machine for the ooal 
I inserting the latter by means of a scoop or 
I similar contrivance, and the discharger re* 
l moving the coke by a mechanically equated 
! rake; in the West apparatus, compressed 
air is used as the motive power; and in tihe 
Arrol-Foulis, hydraulic pressure. In sune 
recent types of machine different methods an 
employed. Thus in the De Brouwer apparatoa, 
a stream of coal is proj^ted into the retort «t 
such a high velocity that it is carried to a at(^ 
placed at the far end, and then built up in aa 
even laymr to toe front of the retort; in ]daioe 
raking out the coke, the plan now being adt^tod 
k th^ of meohanioally ptnhisg out toe edw 
from one end, this metogd beii^, of o<»nae, ^ 
applieable to thnnq^ ntortB, which ^.jja ^5’! 
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r iod at each «nd. Othw maohinee^ anoh aa ; the top of the retort. To diaohaige retort 
nddes-Aldridge, are also in oae, which effect i after oarbonuu^on » complete, the atop la w^« 
in OM movement the diacharae of the cohe and ! drawn from the bottom, when the ooke ihcmld 
the introduction of a freeh charge of coal, and I fall ont by the action of gravity. Usually, 
at the present time electrical power is largely ; however, a certain amount of asButanoe ia 
employ^ for actuating retort-hoiwe machinery, reqtiirod to start the movement, such ae priokiim 
In addition to the actual machinery employcKi ' with a bar, this being espitcially the case with 
for charging the coal and drawing the coke, ad- ; itdorta which have boon at work for some time 
ditional mechanical e<]uipmont is also re<pnred and have altered in shaj>c. 
in the retort house. The coal to l>o carbonisctl i Inclined lotorts were first adopted with 
must not contain liimjis of too large a sir.c wlicre i praotioal huo<;o8s by ('020 at the RMims Gha 
machine charging m used, and is therefore Works in 1885, and have since been instated to 
dropped into a coal breaker, from whicli it 1 a very considerable extent in most oountrim 
falls into an elevator, and is misod to a height wherti the gas industry is <«tablished. including 
well alM>vo the retort benchoH, falling from the Groat Britain. Here, however, it .has iwver 
latter either direct or by mean.^ rif a conveyor appeared probable at any time tliat the inclined 
into storage bunkers, from whioli it is drawn by • retorts would alkigethor supplant the horirontal 


the charging machincis required. Mei’lianical 
conveyors of various typos are also frcqiiimtly 
employed for removing th<' coke from the 
retort house as it is discharged from the retorts, 
and to carry it to Hiiilablo screening machinery 
for sorting into different gra-flos. 

Inclin^ retorts. In order to utilise the 
action of gravity in charging and discharging 



Fio. 6. 


retorts, and during recent years but few new 
, installations have been built, the improved 
machinery for charging and discharging the 
horizontal retorts having increased the favour 
with which those are regarded. 

The relative advantages of the two systems 
refer almost exclusively to questions of capital 
cost, upkeep, and labour charges, and do not 
materially affect the matter m the yield and 
i qualily of gas, us the actual carbonisation of 
j the coal, with proper working, takes place in 
I the same manner in ca<;li ease, the coal in both 
I being heated in an even layer in the retort, with 
I a considerable amount of free spaoo above the 
i coal, and the sequimco of changes which take 
! place from the action of heat u substantially 
' the same in both cases. 

i Retort-house working. The weight of coal 
! introduced into the retort varies natondly 
! acc:ording to the size of the latter, but up to 
J about iTu^ year 1900 tho weight of charge 
1 placed into the retort of the most common sire, 
; namely, 20 feet long, 10 inches deep, and 22 
: inches wide, was between 0 and 7 cwts. (and a 
I proportionate charge in retorts of other shses); 

I and with such a change, even with coals which 
I swell considerably during carbonisation, a auffi- 
j cient amount of free space remained a^ve the 
; mass at the end to permit of tho introduettoft 
; of tho rake-head to discharge the coke. The 
' temperature within the retort varies in different 
i works from about 900® to 1260®, tho tendency 
I being constantly in the direction <d the htghw 
I figure, and the time required for the oarboniBa> 

I tioD of such a charge averages about 6 houHi In 
i the case of most casing bituminoua coals, buiia 
I only about 4 hours with Scotch splint 
! The gas evolved during the ffist ^If'h^ is 
; somewhat low in quality, but in the sucoeedhag 
I 1^-2 hours the yield of is highest both m 
I quality and quantity. For the remainder of 
I the time, the volume and quality ateadify 
diminAh, and when carbonisatilon is nearly eo(a> 


ntoita, the horizontal position of the retorts has j plete, the small volume of gas evolved ooofkto 
been abandoned in many installations during the I targ^y tk hydroget, with from 10 to 20 p.o. el 
post 26 years, the retorts being set instead at an j methane and some carbonic oxide. In eeder, 
angle of about 92® to the horizontal, this being , therefore, to obtain a stream of gas wlkiah Is 
ai^ximately the angle of rest of broken o<^ ! approximatdy uniform both in qaaaf^ and 

xA^ a __ i. _ *jr -i_ 


6 a^wa a Im^tndinal section of such a 
sefetiag of inclined retorts. To charge them, a 
stop ia plaoed at the lower end of the retort, and 
aabraam of ooal admitted at the r^ch falla 


quidity, imd also to facilitate retort-hoose 
working, the retorts are not all charged togetbar, 
but a certain proportion only are obaiM ad 
regolaj^ intervs^ of an hohr or two koMi, 


fan the retort unMl H reaohee toe whop at the ! aocordi^ to oiroQinataaoea, so that the oavboai* 
bettom, after whldi, with a regulated | satioa in toe different retofto is at dtifeMHt 

toil, a bauds njp in an eT« to ' sio^ ,t utjr {KUtioiUkt and a, ndoMM 
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ol gall fonaml by iho combined fttreams from 
tbe retorto kcepn more nearly uniform. 

Treatment of the hot gases Issuing from the 
retorts. In (trdor to <;oil<>(;t tho (evolved gaeca. a 
cattt-iron tnoiiiltpioce m b(»llo<l to the mouth of 
tho Hitort (r)r boMi moutlm of a through 
retort) having a hinged ltd in front, which can be 
Of)eno(i for tin* purprwe of diHcliarging the coke 
and putting in a frefsh charge of coal, and then 
olofied HO OH to form a gan-tight joint. An 
illuHtration of a ‘Belf-seahng ’ immthpuM'c in 
eoirimon uho is shown in h’lg. 7. On (he lop ()f 
tho mouthpiece is <;aKt a HO<-k(!t, inf-o which i« 
lixod a vortical pipi» of from 4 to S inches 


diameter, termed the asemaion ptpe, extending 
upwards above tho brickwork of the setting 
(Fig. 8). By means of the bridge wpr, this 
is connected with th(j dip pipe, which conveys 
the gas into the collecting main. A separate 
collecting main is usually now provided for each 
bed of retorts, the combined gas from each of 
these passing away by a pi]>c at the top or side 
into the foul viain, by which tho. gas is conveyed 
from tho retort house to the condensing and 
purifying plant. Two types of collecting main 
aui in use, namely, the hydraulic imiiu and the 
dry /mm. 

In iho liydraulie main, which is most 




commonly employed, the lar and liquor con¬ 
densed from the gas at this ])oint arc allowed to 
accumulate to siudi an exti'iit that tlu* dip pipes 
are sealed in the liquhl, this seal then forming 
an automatic valvi', which allows the gas made 
in tho retort t.4>*buhhlo through it into the 
collecting main, hut pn*ventB any gas getting ; 
hack from that, main along tlu' bridge pipe and : 
ascension pijie, when the retort lid is open for 
purposes of charging. With the dry main the 
dip pipes are not sealed in the liquid, and in 
omer to prevent gas passing l>aek when the lids 
are open or air Iming drawn into tho main through 
the open Hd. some method of closing the pipe 
must be provided which can be operated when 
^0 Hd is open. Several forms of valve are : 
in use, but are apt to give trouble from the ; 
separation of thick tar and carbon on them, 
and, therefore, in other cases, arrangements are | 
made whereby the dip pipe can 1 m scaled in 
the liquid whilst the lid is open, and unshed as 
soon as this is closed. 

Where the hydraulic main is employed, 
matters are now so arranged in most wer^ that 
the tar and ammoniacal liquor which separate 
in that main, are drawn of! separately, tne tar 
being taken away from tho bottom as separates, 
whilst the liquor flows away from an overflow, 
the height of which can Im r^ulated as desired, 
the object especially (dmed at being to eiuure 
that the dip pipes are sealed in liquor, and not 
in tar or varying mixtures of tar and* liquor. 
This separate removal of the tar and liquor may 
he effected in many differott ways, a type of 


apparatus in common use being the Dillamore tar 
tower, shown in Fig. 9 (p. 318)., This is placed at 
the end of a bench of retorts as shown, and 
Morvfts a number of beds. Tho tar pipe runs from 
the bottom of each hydraulic main to about the 
middle of tho tower, whilst the lighter ammonia- 
oal liquor flows from a side opening near the 
upper level of the liquid in the hydraulic main 
; to tho top of the tower. The latter is also 
oonnectod by an equilibrium pipe to the top of 
tho hydraulic main, or foul mam, the gas pressure 
in each being thus maintained the same, under 
whiidi circumstances tho upiMr level of the liquid 
is the same- in lM>th. Tne condensed liquor 
flows from the top of the tower over a weir 
valve, the height of which can be regulated to 
give any required depth of seal in the hydraulic 
main. The tar accumulates in the bottom of 
the tower, displacing an equal volume of liquor, 
which flows away over the weir valve, and is 
run of periodioMly, care being taken that its 
! upper level never rises above the level at which 
i the tar enters the tower. Whilst running the 
tar off, liquor must be run in from a tank to the 
top of the tower at a greater rate than that at 
which tho tar is run off, os otherw^ the level 
of the liquid in the hydraulic main would fall, 
unsealing the dip pipes. 

In order to ^tam good results in carbontoa* 
tion, so far as yield and quality of gas are oon- 
oemed, it u most essential that toe gas pieagure 
in toe retort should be maintained as uniform as 
possible, and only above that Hi the 

I d.roosph6re, attention to this pmnt hdag 








QAS, COAU m 


seccoid only in importance to thetlof keeping 
good and even tpcnperatures of the retorts. 
The nocfeeity for this arises from the fact that 
the firo'day retorts are thomselves porous, and 
also develop cracks through the alternate 
heating and cooling, and hcnco, if the pressure 
within the retort exceeds that of the gases 
circulating round it to heat it, gas ten^ to 



Mcape through the pores and cracks, and is 
burnt around the setting and thus lost; and if. 
on the other hand, the pressure within the 
retort is materially lower than that within the 
setting, waste gases, consisting chiefly of nitrogen 
and carbon dioxide, are drawn into the retort 
and pass away with the gas made, and lower its 
quality. In passing over the hot retort walla, 
the gas, however, always undergoes a certain 
amount of decomposition, resmting in the 
deposition of cu'bon on the wails, which tends 
to olock the pores and small cracks, and thereby 
to render the retort more gas*tight, the leakage 
being much higher with a new retort, or im¬ 
mediately alter the removal of the crust of 
*gaB carbon’ or 'scurf.’ The latter process 
tami be carried tmt periodically, as it otherwise 


becomes so thick as to interfere with the 

S r heatitm, as well as with the charging and 
iiging 01 the retort, the gas carbon obwned 
flnding a ready sale for the manufacture of 
electives. 

A very considerable pressure is required to 
pass the guH through the condensers, scrubbers, 
and puntiers, and into the holders, and if the 
whole of the necessary pressure were tlirown on 
the retort, loust of the gas would, in largo works, 
bo lost into the sotting, and, therefore, in all 
but very small works a pump or oxhaustor b 
employed to draw the gas trom the retorts as 
it is made, and to force it on through the sub- 
si>((uont apparatus and into the holders. The 
oxhaustor is run in such a mannor as to maintain 
the gas prwsuro constant in the hydraulic 
main abo\i? the li<j[Uor lovoi, and in addition an 
autoniatjc retort-house governor is also fre¬ 
quently <Mni)loyed to ensure that this pressuro is 
inaintainod as uniform «us jxiHsible. Even tlion, 
in order to onsoro that the pnwsure in the retort 
itself is inaintainod eonstanl, great eoro must bo 
exereiseil in maintaining the hydraulic main 
oMu tly level, and the dip pipes of iKjual length, 
as otlierwise the depth to which tluwc are seuod 
III liijuor will vary, and, consoquontly, the 
])n'.sKure in tlni rt'torts, wluch is equal to that 
m th(' liydraube main icss the depth of the seal, 
will also vary, so that Home may bo losing gas 
to the setting and others drawing furnace 
gas into tlu5 coal gas. Where the latter is the 
ease, the pressuro in tlio I’ctorts and ascension 
pipe is below that of the atmosphere, and, 
coiifloqucntly, whim the retort lid is opened, 
air is sucked into the gas through the ascension 
and dip pijKi, thus further reducing its quality. . 

Even when the hydraulic mains are level 
and the dip pinea scaled to an equal extent 
throughout, and the pressure in the hydraulic 
main is maintained constant, the bubbling of 
the gas through the liquid causes a rapid obla¬ 
tion of the pressure within the retort, which 
may bo consid(‘rablo. Hy careful attention and 
regulaliuri of the dejilh of seal, this oscillation 
can b(‘ very greatly reduced, but never altogethea 
eliminated, and in this respect the dry main, in 
which there is no seal for the gas to bubble 
through, has the advantage. On the other hand, 
the fact that the seal forms an aulonuzitr. valve, 
which does not require to be operati^ by the 
workman when opening and closing the lids, 
and also that where a dry main is used, more 
trouble is often exTioricnccd in getting the thick 
tar to flow properly from the mains, eepeci^ly 
with some types of coal, has led to the hydiaulio 
main being most frequently adopted in spite ^ 
the above objection. , 

Chsmxcal Changes ocoubedco ottbiho 
Caebonisatioit. 

The essential elementary constitumits of 
coal are*carbon, hyorogen, and oxygen, and, ia 
addition, smaller amounts of nitrogen 
sulphur are always present, as well as vilTia^ 
amounts oi mineral matter, whioh remniiif 
behind as ash when the coal is completdy burnti. 
With regard to the chemical constitutom 
of the doubtless numerous compounds pre se nt 
in ec«l, U^le definite evidence is as yet available. 
There is general agreement that top subBtoi|caa 
have been formed sbvdy from the isge deposits 
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of voBOtoblo mattor of the oarlwniferous period, agreed that the larger proportion of the rob- 
the changes taking plu«e generally in obaence of stances forming the cidsti^ coal have been 
or with only limited access of air, and that both derived from the ‘ collulosrc constituents of 
temiwratun! and bacterial action have played the original vegetable mattor, and that the 
a part in its production. It is also generally smaller proportion consists of substances 
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derived from the wares and resins of that 
material. Fi Fisohor and Schrader (Brennstoff- 

A «tSV\ 1.-—. 


fp but hd 


f Bubgtanees lomalmzig now m the 
been oom^etely resolved into 


gaeee and disappeared, and that the * o^n- 
losic constituente are derived solely from U» 
■ lignin content of the original material. 

I In anycaaeptheoompoundsas thwnovreatkl, 
! whether formed from the woody or tae reafnm 
: dmstituents of the origiftal vegetable matdlWf 
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MB oi TBry liigh molecuUr weight. Keotrel { 
Bolvents such as alcohol, benzene, &o., exfeWiCt' 
only ezoeodinglv small amounts of soluble 
matter from the coal. The basic solvent | 
pyridihe is, however, much more effective | 
(Bedson, J. Soc. Chem. Ind. 1908, 27, 147; ■ 
Burgess and Wheeler, Chem. Soc. Trans. 1911, 
99, W9), have shown that with this solvent i 
varying amounts up to 35 per cent, of soluble , 
matter may be extracted. It is, however. ; 
doubtful if tills extracted matter consists of : 
substances actually present in the coal, as it is 
very probable that tW chemically active liquid | 
pyridine#first effects some resolution of the 1 
substances present in the coal into those of 
lower molecular weight, some of which dissolve ' 
in the pyridine. Good gas-making coals I 
generally give a high percentage of such pyridine 
soluble matter. 

The changes which take jilaco when coal is 
heated in absence of air arc exceedingly compli¬ 
cated in character, and result in. the production 
of an^ immense number of different sutiHtances, 
some gaseous, some liquid, and some solid at 
the ordinary temperature. The liquid con¬ 
stituents, which condciiHC together in the form of 
coal tar, are by far the most numerous, the | 
different conipountls isolated from it already 
being numbered by hundreds, and doubtless 
large numbers of unknown compounds are 
also present (v. 7 'ak), Moreover, both the 
nature of those substanew and their relative 
amounts in the products vary greatly according 
to the temperature to which the coal is heato^ 
and the manner in which the heat is applied, 
and our knowledge of the nature of the reactions 
occurring during the jiroci^as is hUU very far in¬ 
deed from complete, so that it is only possible 
as yet to discuss these changes in very broad 
outline. 

When coal is heated, except for evolution of , 
water, and small quantities of oxides of carbon, 
no apparent change takes place below 300“, but 
the available evidence points to the conclusion 
that some changes take place below the apparent 
point of decomposition which result in the 
dissociation of many of the substances present 
into others of lower molecular weight, as many 
coals and bituminous shales if heated for some 
time below their apparent decomposition point, 
3 deld a largely mcreasod quantity of soluble 
matter on extraction with nentral solvents. 
At temperatures varying from 300^ to 360® with 
different coals decomposition commences with 
evolution of volatile products, the larger pro¬ 
portion of which condenses to liquids at the 
ordinary temperature, and only a small pro¬ 
portion of which forms permanent gases. These 
last consist chiefly of carbon ^oxide, carbon 
monoxide, and gaseous hydrooarbons, with 
little, if any, hydrogen. 

By carrying out tlio decomposition at the 
lowest possible temperature in a high vacuum, 
Pictet, Kamsayer and Kaiser obt^ed a tar 
from which they were able to Isolate a series of 
hydrocarbons all- of vtduch belonged to the 
(yokparaffin series, the lowest of which was 
teahydrotolnene, C,Hjn, and the highest 
Th^ were eSao able to isolate the same 
hydre^boos from the extract obtained by long 
Matinned extractiem of .huge amounts m 
■ M o ntnun bert coal wi^ benlene. Hence it 


seems {wobable that these hydrocarbons aie 
either tuesent as such in ooad, or in such a state 
of combination that they are readily dissociated 
from the combination. In addition the 
“ vacuum-tarcontains considerable amounts 
of oxygen compounds; the major portion of 
these consist of the higher homologues of phenol, 
phenol itself being absent or present in only 
minute amount. * Acids containwg the carboxyl 
group afr also present in small proportion, and 
a larger proportion of neutral oils coutainii^^ 
oxygen wnose constitution is unknown. 

When the coal is carbonised, whether on the 
small or laigc scale, at Umiperatures not exceed* 
ing 400''-4^“, the general character of the tar 
and gas produced is similar to that above 
described, although, of course, secondary de¬ 
composition of the primary products must occur 
to a somewhat larger extent, these conditions 
ronreseniing what is now generally termed 
“ low-tcmperature carbonisation.” The yieldof 
tar with “ gas-coals ” varies from about 8 to 10 
p.c., and the gas yield from 3000 to 4000 cubic 
foet j)or ton of high calorific power, consist¬ 
ing to the largest (ixtent of metliane, ethane, 
&c., and only moderatii percentages of hydre^en. 
The saturated JiydriKiarbons in the ter are to a 
large extent of tlie c^^loparaffin series, but some 
hydrocarbons of the ])araffin scries are also 
present. Unsaiurated hydro<?arbon8 arc also 
present in (quantity, chiefly olefines, but there is 
always also a fair proportion of those of the 
CnHjn —2 series, especially of the dienes, as wdl 
as cyclopentadiene and its homologues, but unless 
the temperature exceeds about 6W®G., aromatic 
hydrocarbons are almost entirely absent. 

Tlie ])hysical character of the lesiduc varies 
greatly accortUng to the cliaractor of the owd. 
Where the coal contains constituents which are 
fusible, the melting of these converts the coal 
at tcmperaturcH rather aliove 300® into a plastic 
or semisoUd moss, which then undergoes decom¬ 
position leaving a porous coherent oc^. Where 
the constituents do not fuse before decomposing, 
the residue remains of the same shape as the 
original coal. In both cases the residue still, 
contains considerable pementages of \^latik; 
matter, and burns in the air with a flame but 
without production of smoke. 

Where the chief object is to obtain smokeless 
fuel from coal or carbonaceous products, 
or whore the special aim ts the maximum mo- 
duction of oil from the material, such low- 
temperature carbonisation may be advant^eous. 
The yield of gas under these conditions is, 
however, so low (although of high calorific power) 
that the employment of such low temperatures 
is not a general rule commercially practical^, 
and for tliis purpose higher femperatuTos must 
be employed when the gas is the chief product 
required. 

In oousidering tlm changes which take place 
at such lugher temperatures it is most convraient 
to deal first oidy with the carbon and hydrogen 
of the coal which are the most important oon- 
Btituents frem a gas-making i^t of view. 
When the closed vessel into which the ooal in 
placed is heated to a higher temperature, it oi% 
rises in temperatuxe dowly, and ther^^MW at 
first cmly un^igoes the above low-temparatnm 
decompoution. The farther actum €|f tfian 
briogs about ficesh ohangea, both ia tha nhtfni 
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hydrogon-cootaiiiing roHiUuo aiid in the vola¬ 
tile eubttianuoM primarily uvolvud from tho 
ooal. The ollect of further heat on the 
i-etiiduu M to lii'ive oil more hydrogen, which, 
at teHiiMiraturoM of 700 -HOO", w moBtly evolved 
OH methane ami fioo hydrogen, the latt(;r being 
proHcnt in larger jjrojMirtKUi, the amount of 
other goHcouH hydr<»uarl)onK b(?ing very much 
smaller than in the gan produced at low Uunpera- 
ture. The u«idual coki; beetnueH <lenKer and 
harder, but at thiH Uunperaturit still contains 
hydrogen in a]ipn*ciable (quantity, and on 
raising the Uun])eruture to the highest obtainable 
in practice, an addit ional yield of gas is procured 
still consisting of inetiiano and hydrogen, but 
as tlie lemperutur<^ incn'asi'H the piTcentage (d 
methane falls ami that of hydrogen rises. The 
higher the temperature to which the residual 
OOKO is liimlly heated, tlm greator is theref(»rc 
tho yield of co)iibnNtii>l(^ gas. 

The volatile jinslucts l.mt evidved fioin the 
coal, consisting elneliy oi ('ompounds which aie 
liquid at the ordinary temperature, also under¬ 
go further eliange wlien a liiglier carbonising 
temperature is employed, if tliey ari' subjected 
to the action of tins heat, bidore they <'an escape, 
tho hydro<!arlK)ns eonfcaiued m them yield 
a large jiroporlion of giusm wliicli are jkt- 
manont at the onlinary temperature, the most 
important of these luang -hydrogen, methane, 
and ethyleiu'. At tmujKTaturos above (‘>50’, 
aromatic hydrocarlions are proiluceil, and if 
tho temperature din-s not. mmdi exceed 700°, 
only those containing one lienzeiie nucleus, t.p. 
derivatives of iK'n/.cm' itself, appear to be formed 
in material amount, sucli hydrocarbons os 
naphthalene and antfiracem' being almost 
ontiiidy absent, in llie tar forinod at these 
temporaturoK, Tlii< exact manner in which the 
jiroduction of these Ixuizene derivatives occurs 
is as yet in doubt. It iia.s been suggested that 
they are formed by Ic.ss of hydrogen from tlie 
napbthouos present, containing a ready-formed 
ring of SIX carbon atoms, or that they are 
formed by ixMluetiou from the phenolic bodies 
*whioh aw’ siniultam'ously produced from the 
oxygonal.«‘d constituents of the coal. Whilst 
it is likely tliat some of tlio benzene don- 
vative« are produced in tiieso two ways, tho 
fact that at the above temjieratunw aiiproxim- 
ately tho same extent of production of benzene 
derivatives occurs with any caihonaeeous matter, 
even from open-eliain hydrocarbons, and in 
absem^e of any oxygen compounds or of najih- 
thence, mokes it improbable that anything like 
all of th(«e derivatives are obtained in this 
manner. Thus when American petroleum con¬ 
taining but little (jyelouarafiins and phenol, is 
cracked for tho manulaeturc of carburetted 
water gas at temperatures of 760°, tho proportion 
of aromatic hydrocarbons found in tne tar 
produced ia quite as high a\that obtaii^d when 
oila largely conaisting of cycloparaffins are used. 
The moat probable supposition on the evidence 
at present available, is that at the tempemtoroa 
which xeault in the production of fte b^cne 
derivatives, the various bydrocarbotui undergo 
decomposition to tho extent of producing the 
aiimle-atom unaatint^od hyditK^bons CH,, 
: 0U„ • OH, cajiable of temporary exkitence, aa 
ahown by ^ i, J. Thomaon in positive-ray 
analyaia of methane, and of aasiogow moloculee 


j such as • C'('H 3 , and that the benzene derivatives 
! are produced by the subsequent union especially 
\ of these moleculra to form tho benzene ring, 
: which when once formed is known to be excoea- 
i Ingly stable towards heat. At such tempera* 

, tures benzene itself forms only a moderate 
: proportion of the aromatic derivatives produced, 

' tlie homologuoH with one or more side ehaina 
' being produced m larger quantity. 

As the temperature to which tho volatile 
, products are subjected is further raised, there 
i 18 an mcreasHig Uuidency to tho production 
I of benzene itself by tlic emiiination of the side 
! eliains from th(» toluenii, xylene, tfb., and 
simultanoouHly complex aromatic hydrocarbons 
, containing more than one lienzeno nucleus make 
I their ajqiearancii, and the higher the temperature 
the larger are both the quantity and tho com- 
' jilexity of the jiroduets, many of which are now 
^ of veiy high molecular weight, and for the most 
' part infusible and insoluble, and therefore 
remain suspended 111 the tar produeed, forming 
I what IS cumnionly termed tho ‘ free-carbon ’ in 
; tho tar. yaturati'd aliphatic hydrocarbons 
; largely disappear, and the quantity of dienes 
I falls, but oleliiKw still remain jiresent in con* 

' sidcralile quantity. 

At these latter tiunperatures, the effects on 
the gas production arc liy no means altogether 
favourable, os altrluiugli Home hydrogen is 
1 jiroducod in tho change's which tho volatile 
j products undiTgo, the simpler gaseous hydro* 
; carbons whieli form the most important con* 
i stituents of the gas thomHelvt >8 undergo deeom* 

' position into hydrogen and carbon, which last 
: is dejiosited partly on the coke and jiartly on 
; tho walls of th(! retorts as ‘ carbon ’ or ‘ scurf/ 
and tliis material, although of some value, is 
of greater worth if left in tlie gas in the form of 
hydrocarbons. The presence of tho solid ‘ free* 
carbon ’ in the resulting tar also greatly increases 
tho diflieulty of retort-house working by forming 
deposits in the mains, &c., which are only 
removable with difficulty. 

Tho chemical considerations therefore lead 
to the eonclusion that while in order to obtain 
from coal tho maximum yield of energy in the 
form of combustible gas, it is advisable to 
subject the latter finally to as high a tempera¬ 
ture os possible, so as to drive off tho volatile 
matter eompletely, the gases and vapours 
produced ip the distillation should only be 
subjected to a considerably lower terap(iraturo 
than that to which the coke is eventually heated, 
as too high a temperature results in the separa¬ 
tion of carbon, which would otherwise have 
remained aa gaseous hydrocarbons in the gas; 
thus depreciating both its caloriBo and illuminat¬ 
ing power. On the other hand, it is equally 
evident that those volatile products must not 
l>o subjected to too low a temperature, for in 
that case the hydrocarbons, &;c., produced in 
the early stages of distillation would not be 
sufficiently decomposed, and would be lost from 
a gas-making standpoint—being condemed in 
tho tar. 

Tho remaining constitnents of the coal 
concerned in the jiroduction of gas are oxyg<ai, 
nitrogen, and sulphiir. The ash remains in the 
coke, and need not be further considered horn. 
Oxygen is present in considerable amount in tiw 
com substance; and the cbal m used ako 
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coaUios either moisture in the free sUte or in 
sach s loose state of combination that it is given 
off at temperatures below 100*’—the amount 
varying usually from 1 to 7 p.c. The low- 
temMraturo carbonisation first taking place 
resuits, as stated above, in the resolution 
of the oxygen-containing constituents of the 
coal into carbon dioxide, carbon monoxide, 
and steam, and condensable conijiounds of 
carbon, hydrogen and oxygen largely consisting j 
of the higher phenols. Tlu* furtlier action of 
heat on these last results partly in the eliinma- j 
tion of the aide-chains and production of lower 
homologues and of phenol itself, and in addition 
the action of those on tlic heaU‘<l carbon results 
in some of them losing their oxygen and yielding 
the corresponding aromatic hydrocarbon. The 
resulting tar at high temperaturos always still 
contains considerable percentages of phenols, | 
the amount relative to the coal carhomsod 
always increasing as the percentage of oxygen 
in the coal used increases. As the temperature 
rises, the carbon ilioxitle temis to combine 
more and more with the red-hot carbon 
present, undergoing reduction to carbon mon¬ 
oxide, and the sU^am tends also to act on the 
carbon, with production of water gas ; and the 
higher the leinporatiire to which the gosi-s arc 
heated, lispecially wliih^ m (contact with the 
coke, the greater is th<* amount of carbon 
monoxide formed, and the higher also the amount 
of steam converted into water gas. In high 
temperature carboni->ation, therefore, a small 
proportion of the oxygen in the original coal 
IS recovered in the tar as phenol, etc., 
but the bulk of it remains as steam, which con¬ 
denses out on cooling, and, roughly, about one- 
fourth is found in the gas as oxidta of carbon. 

The effect on the nitrogen is similar t/o that 
on the hydrogen. At very low temperatures 
some ammonia is given off, and also substances 
containing carbon, liydrogen, and nitrogen, 
which condense in the tar; while a largo pro¬ 
portion of the nitrogen rcniains in tlic residue. 
At higher, but still moderate, temperaturos, 
much more nitrogen is given off from the coal, 
and the above volatile f)rcKluct>i are largely 
broken, up, with the formation of ammonia and 
some free nitrogen; and at such temperatures 
the maximum yield of ammonia is obtained. 
At still higher temperatures, more nitrogen is 
evolved from the coke ; but the ammonia itself 
is then largely ilec-omposed into its elements 
nitrogen and hydrogen, and also reacts with the 
hot carbon, producing hydrocyanic acid ; and, 
in spite of the more complete elimination of the 
nitrogen from the coke, the yield of ammonia is 
decreased. In ordinary gas-works practice in 
horifontal retorts, only from 14 to 17 p.c. of the 
niUogen in the coal is mostly recovered in the 
form of ammonia (v. Ammonia). Some of 
the nitre^en is also found in the tar, chiefly in 
tlm form of nitrogenous bases, such as pyridine. 

Tlie sulphur, too, probably comes off first as 
compounds with caroon, and hydrogen; and 
these, when more stroi^j;ly heated, yield sulphur¬ 
etted hydrogen, which can be removed from the 
gas wiUiout much difficulty. At stiU higher 
temperatures, however, the decomposition of 
tliese volatile organic sulphur compounds takes 
^aoe with formation oi larger quantities of 
fiiriMO dttulphide: this compound being also 
. VOL. HI,—J*. 


produced, but probably in much smalimr amount, 
in the gases last driven off from the coke, dvm to 
the sulphur still remainiim in the latter, Hkb 
temperatures, especially if allowed to act hmy 
on the volatile products, therefore tend to 
increase considerably the amount of this im* 
purity, which can only bo removed with diffiotilly. 

Both with regard to sulphur and nitrogen, 
thendore, a« well os in the case of the hydro¬ 
carbons, it is desirable tliat the volatile products 
tlieiiiHelvos shall only lie heated to a moderate 
ti'inperature if a maximum yield of the valuable 
product (ammonia) and a minimum yield of the 
delek'rious impurity (carbon diBulpnide) is to 
be obtained. Jn the case of the oxygen com¬ 
pounds alone does there appear to be any 
advantage in subjecting those products to a hign 
temperature, owing to the larger proportion of 
carbon monoxide and smaller proportion of 
curlxin dioxide produced, os well ns to the lamer 
amount of steam converted into combustible 
gas. On the whole, the advantages gained in the 
latter resptict are more than counterbalanced by 
the deleterious action of such high temperatures 
8 <» far a.s tlio hydrocarlions and the uitrogon and 
Hulpiiur eompouiuls are concemod. 

While, therefore, the effect of heat on coal, 
and generally on Hul>stancos containing carbon 
and hydrogen, is [iriinarily to rosolvo the com¬ 
pounds into simpler sulMtancos, the changes 
which take ])lac(5 finally are largely synthotiiMhi, 
and new sulwtances are prcduced in laige 
mci^ure by the combination and interaction of 
tli<; primary dccomjKisition products, the 
nature and amount of the new substances 
formed varying greatly according to the con¬ 
ditions of carbonisation, and especially with 
the temperature to which they are heat^ and 
very greatly with the length of time during 
which they are exposed to that temperature. 
In addition to the synthetic production of new 
hydrocarbons alrea<ly referred to, otheis occur 
in which different constituents are con¬ 
cerned. The formation of carbon monoxide by 
the action of the dioxide on carbon, and the 
synthesis of water gas by the intoraotion of. 
steam and carbon, have been referred to. In 
addition, there is some evidence that methane 
may also bo formed to a certain extent in the 
carbonising process by synthesis from hydrogen 
and carbon monoxide, m accordance with the 
reversible reaction CO-fSHj^CH^ + HjO. This 
reaction occurs almost quantitatively when a 
mixture of the gases is passed over metallio 
nickel at 250° (Sabatier and Senderons, Compt. 
rend. 154,514), and although, as the temperature 
rises, the reverse reaction takes place in inoroae- 
ing degree, the evidonco available points to the 
conclusion that appreciable amounts of methane 
aro formed in this manner under some oonditiems 
: during carbonisation. 

In tl^ carbonisation of coal in the most 
usual gas-worloi practice, the coal, os above 
described, is plac^ in a long narrow retort set 
cither horixontally or at an angle of about 82® to 
the horizontal, leaving a considerable amonnt 
of free space above the coal through whieh the 
evolved gas must pass to roach the exit pipe et 
one or both ends ^ the retort. The oarbemisa- 
tion oommenoes on the outside ol the misf 
namely, at the bottom and sides—^where H b ha 
i contact with the heated retort wall, and idso 

T 
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lit tho top, where it iH atToctoU by the heat 
radiated tiiruugh tlie free H{)aee from the hot 
crown of the reti^rt. The coal on the outeide 
first becomes jiaaty and agglomerates, and then 
undorgoos tho low-tmiiioraturo decomposition 
already dcscriUKi, tlie resultant vapours and 
rich gas escaping fairly readily into the free 
space above the. coal. Here they are subjected 
to the furllior action of heat in two ways— 
luiraol}, by contact with the lieate<l walls oi tho 
retorts, and also by the actum of the radiant 
heat rays wliich are traversing the frei^ spuoo. 
Tho not I’osuit of their combmetl action is to 
raise tiie teni|M)rature of tiie vapours passing 
through the free spueo. and to bring about 
much change ; aiul I lie higher the tcinpi'mture 
to which the retoh. walls an' heated, tlie gicaUir 
ia tho amount of fui-tlicr decomposition that 
they undergo. 

The further actioii of lii’at on tlic pasty mass 
oil tho out+iide of the chaigi', converts Ibis 
eventually into coke; beat passing simullaiu'- 
ously further into the cliurgi* uml converting the 
layer below into the pasty condition, wliieii is 
assisted by tfi<‘ condensat-ion im these lower 
layei-s of some of tlm tarry matters formed by 
tho docoinjiosition of 11 m 5 hott^-r ia\ers above', 
and the extent t<» wlueh such condcnBalioii 
occuiti donbthws has mucli influenco on tlio 
jihysical jiropi'ilies of tlu* n^sulting eoko. 'I'liis 
HoiiueiK'o of changes eonlinuee until the iieat has 
penetrated to the centre of tbc mass, ami cilected 
its complete earbonisation. After the tirsl layer 
of hot coko has Iteen formed, the gases produced 
from tho interior of the charge, in order to 
escape from the lettut. must not only undergo 
the ordeal of heat in pus.siug througii tho frei' 
space, but also pass through the liot layer of 
coko im the outsule of tlie cliarge; and the 
temjKirature and aiva of tins coke mass con¬ 
stantly increases tvs time goes on. Furtlier, as 
carbonisation jn-oi'ceds, the rati' at which the 
gas is evolved decnavse-s. and in conaequciice, its 
speed through tlio free space boconu^a less, and 
it is exposed to heal' there for a greater lengtli 
/»f time. From all lluwe causes, the quality of 
the gas falls olT after tlie tirat hour, and I'sjK'cially 
when th(' carlKmisation is approiwliing coin- 

{ iletioiL Tho iicrcentagw of methane, ethylene, 
lenzone, Hulp(iurett<'d hydrogen, and carbon 
dioxide steadily diminish iw time progn‘KH(«, and 
that of hydrogen steadily inemwea ; while that 
of oarboQ monoxide varies loss considerably, as 
shown by the follow mg table, giv ing tho analysis 
of the gas evolved at differtmt atagw from a 
retort charged with Derbyshire coal, the temjK'ra- 
ture of earbonisation being about 1)50“:— 
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Before the introduction of gaseous firing, the 
retort temperaturea obtained in practice did not 
usually exceed about DOO^C., or 1660“F. Under 
theee conditions, the volatile moducts were 
not matonaliy overheated, and gas of high 
I illuminating power was produced; while the 
{tar simultaneously formea was fairly fluid, and 
i only contained moderate amounts of the 
' objectionable ‘ free carbon.’ The quantity of 
uujihthaiene formed was also not excessive, and 
that of ‘ light oils ’ simultaneously produced 
I was, in most coses, sullicient to wash the naph- 
' thaiene out of the g;is during condensation to 
a sullicient extent to prevent its sulwoquent 
deposition in the solid state in the mams and 
I S(!rviccs. On tlie other hand, under these 
* conditions, a relatively low yield of gas per ton 
! IS obtained, as an apjucciuble quantity of 
I volatile matter is left m tlie coko. 

When, witli the aid of gaseous tiring, higher 
carbonisation tem])eratuies were employed, 
nialU'rs weie considerably nioditicd, as tho 
volatile matte!' of the coal was more completely 
' evolved with tlio jiioiluction of a greater volume 
; of gas. But, as we have s(;en, it follows uu'vit- 
al)ly that, in a horizontal or inclined reUirt 
: Jiaving a large frc<' sjtace above tlie coal, the 
; volatili' products must also be more strongly 
1 heated by an increase in the retort temperature ; 

I and, as a result, undex these conditions, the 
gases and vapours undergo a more far-reaching 
( decomjKisitiou than before, and a reduction m 
Die quality (‘f the gas is lirought about. Some 
: of the hydiocarhons formerly j^rj'sent. in Die gas 
; are now deposited in solid or liquid form, which 
! ('itluT remain in the ri't.ort' as carbon or are 
\ condensed with the tar. and are lost from a 
I ga-s-making point of view. Siinultancoualy, 
j other disadvanl-agcims changes occur, inasmuch 
as the tar pioiiuecd is thicker and contains 
much inorvs ‘ fre<' carbon,’ thereby increasing the 
trouble from stopped ascension pipes and pitched 
liydraulic mains, and greatly increasing tho 
practical ditliculties of retort-house working. 
Further, the action of these high t-emperatures 
on tho volatile pro<luets increases tho produc¬ 
tion of naphthalene and deereasfti that of light 
oils, and rcndei's the cooled gaa much more 
liable to d(‘pf>sit sohd naphthalene in the mains 
and services both on the works and in the district, 
causing serious trouble both to supplier and 
consumer. 

In spite'of tlu’we last-named drawbacks, the 
enqiloymcnt of higher temperatures has, on tho 
I whole, proved favourable; the increased yi^d 
I obtained from the more compleU' elimination of 
j the volatile matter of the cow having more than 
counU'rbalanced those disadvantages. Never¬ 
theless, a process of carlmnisation is very desir¬ 
able, in wliich the coal itself can be heated to a 
high t©mj>eraturc without simultaneously causing 
too great heating of the volatile products ; 
it is largely with a view to this end that 
cations of tho method of working have been 
introduced during the past few years. 

From what has been said, it w efear that one 
of the chief causes of the overheating of the gasee 
and vapours is the existence of a la^e free space 
above the coal in the retort. With the hori- 
Kontal retoit, so Itmg as the coke had to be 
extracted by a rake, worked either by hand or 
mec^^cally, a considerable emonnt d free 
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apaco was necewary in order to affoid room for 
tne introduotion of the rako-head aimve the 
coke; but the invention of meciianioally 
propelled puahors, which diachat^e the coke by 
puahing from one end of the retort, liae done 
away with the neceeeity of the free apaco for 
the removal of the coke, and has made it poHsiblc 
to put in a much larger charge of <*oal witliout 
inoreaaing the difhcultioe of dischaiging the latter. 
In recent yeara, therefore, by tlio introduc¬ 
tion of such increased chargee, the amount of 
free space has. in many works, bwn largely 
reduced in honzonUil retorts, so tlial tlie gases 
and vapouiti are exposed to a siuallor amount 
of retort surface, and, stdl more important, 
owing to the volume of tlie free HpHe<' being 
smaller, they pass tlirough it more (luiokly, and 
are oxjioaod to the action of t he heat for a sliorter 
time. As the practical result, it is found that 
the coke pro(lu<-(‘<l is larger, a thinner tur 
containing less free e<iibon is ])rodu<'ed. owing 
to the loHsemal ovcilieatiug, less carbon tbsul- 
phido is prrKlucod, Ilf'S (rouble from najilithalene 
eiisiioK, and retort-honse working is considerablv 
facilitated. Whether the total heat value of tin- 
gas obtained from a ton of coal—j.f. tin' mnlt ipic 
of gas piir ton x calorilic powei—is gieater tlian 
can be obtained with the smaller charges, is a 
matter on which dilTorent opinions prevail at 
present. 

On the other liand, owing to the nn-reused 
thickness of the charge, a longer period must be 
allowed for its carbouisutioii if the ei-nlral coie 
is to be completely eai boinsi'd ; ami Iwyond a 
certain weight of iharge, varying ajijiarently 
with differtmt elass(*H of laail. the gas protlneiion 
per retort per 24 hours falls olT, or can only be 
maintained by increasing the oarbonisation 
temperature above that employed with the 
smaller charges. Such higher temperatures also 
increase the heat to which the gases are exposed 
in the free apaco; but experience seems to 
show that the ('ITi'ct of such increase is small ; 
when the volume of free sj)ac(5 i.s low, or, in other 
words, that in bringing about decomposition of 
the volatile products the time during which the 
gas is exposed to heat is much more imjiortunt 
than the temperature' of the retort walls. 

Carbonisation in vertical retorts. But, while 
the amount of free space can be m this manner 
greatly reduced, it is scarcely practicable to 
eliminate it altogether m horizontal rclorts. If, 
however, the retort is placed m a vertical instcaxl 
of a horizontal position, this is readily effectotl ; 
as, in the nature of things, the coal when charged 
in from the top must completely fill the retort. 
Although a small amount of free space may be 
loft at the top, matters can lx* so arranged that 
this is not too large and that the retort walls at 
this point arc not heated to any great extent. 
Hence latterly carbonisation in vertical retorts 
has been much investigated, and is now 
prootued in a steadily increasiag number of 
works. 

Intermittent vertical retorts. In the Dessau 
vertical retort system, patented by Bueb (Eng. 

1393, 19W), the previous practice is 
adhered to, in so far that the coal is charged 
into the retort from an overhead hopper all at 
once, and allowed to remain there until carbonisa- 
tion is complete, when the coke is discharged by 
gravity ana the retort refilled with fresh omu. 
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The retorts are either 4 or C metres in length, 
having an oblong cross section with rounded 
corners and are tapered, inoreasi^ in size from 
top to bottom to fauititato the discharge of tho 
coke. Until recently 10 or 12 retorts were set 
in rows of two in a setting, each sotting being 
heated by gas from a separate deep producer 
capable of being tilled much above tne point at 
wlu' h the producer gaaes are drawn off, so that 
it may run for 24 lioura without I'ceharging. 
]‘’ig. 10 gives a vertical section of such a setting 
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and producer, showing clearly tlio general 
arrangement of tho plant. 

A.s the thickntwH of the charge is greatest at 
tho bottom, tho highest temperature is main* 
tamed at this point, with a rather lower tempera* 
tiire in the upper portions where the tbioknesB 
of tho charge is kiSs. The result of this arr ang e, 
ment is that, even at high temperatures, not only 
IS a large yield of gas obtained, but at the same 
tiiiio tlio tar formed is very fluid, and only 
contains a small percentage of free carbon. 
SimulianeoiiKly, iiie naphthalene production is 
lessened, and that of the lower boiling tar 
constituents increased, with th«' result that the 
naphthalene is sulliciently completely removed 
from the gas in the ordinary process of conden¬ 
sation, without tho adoption of any special 
treatment, and, at the same time, the amount 
of sulphur obtainixl in tho form of carbon 
disulphide is reduced. Tho yield of ammonia is 
also higher, and the coke produced is harder 
and dcnse&than that Irirmed from the same coal 
in horizontal retorts. 

In spite, therefore, of very high retort 
temperatures, the objectionable overheating 
which occuin*with horizontal retorts having a 
highly heated free space above the coal, ia 
obviated in such vertical retorts. This is largely 
due to abolition of this free space, but otto 
conditions also come into play. In the hori¬ 
zontal retorts, after a layer of incandescent c^e 
has been formed on the exterior of the charge. 
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ttU ga» producod from iJic unaltiTcd coal in the 
centre of tin* charge rnuHt find it« way out 
tlirough Mhi incantleHecuL layer, and thu« Ik) 
Muhj«‘eted 1<» <i)nxiderable lieat. In the inter¬ 
mittent \er1ieal retorl, the carboniHation alao 
takoH |>lae(; from the }ainj)hery inwards, and a 
layer of mcnialtwent (;<tk(5 ih formed in the early 
HtageH, but HI this I'ane the gJia ]>r(«lu<*ed from 
tlio still unearboinsi'd coal in tbi‘ eenlie of the 
charge lias (wo poKsililc natliH of eHeape--on the 
one hand, thiongh the hot coke layer, and on 
the otlur, through th(‘ cool central core of 
unejirboniHeil or paitly earlaunsed i-oal, and th(“ 
gjus travelling in the latter direction escapiis 
overlieating by the iiot <-ok<‘ layer. 'I'he relatiie 
arnoiinlN of ilie gas wiiuli travel in <-a( h diroe- 
tion is still a matter in disjnitc', liul the evidi'iice 
available lends to the eoiulusitm that with 


I of ga8 and cuke wore concerned, could be ob- 
I tained in this maimc^r, although, largely owing 
j to difficulties arising from the shape of retort 
[ adopted, the practical difficulties found in 
! worKing it have prevented its further adoption. 
At the jiresent time several such continuous 
processes are in us(‘, the most widely adopted 
oeing the Woodali-Duekliam system (Eng. 
I>nt ir)053, 1907) and the 

(Jlovt'r-Wesl Kystem (F.ng. Tat. 23(550, 1905; 
2(5():b 1907 ; ■ 7534, 1907 ; 8572, 1909), a 

I diagriunmati<- section of each of these plants 
being sliown in Figs. 11 and 12, from which the 
geiUTiil airangoment is jcadily seen. In the 
Woodall-Duf khaiii relojls. J''ig. Jl, the discharge 
of (lie coke IS c.ontrolletl by the coke-feed roll 
sliown lielou tlic retort, whicli isslow’ly revolving, 
and as it lotates allows the coke to fall into 


coals winch become jiasly on beatuig, much the cliainbei lielow, from wbich it is emptied 
the Inrgevit pioportion of llie gas liavids llnough ■ perimlieally, the speed of the eoal tlirough the 
the hot loke. as fb(' plasin coal lilin lornual retort being regulated by varying that of the 
betwi'cn the eaiIxuuseil eoke aiul uiica.rboniseil fei'-d roll. As the coke is leinoved, the whole 
coal in a more or less continuous laycT is almost ' ma-ss ni the retort falls, leaving a sjiace at the 
imperiiieablr to gas. and as the greater gas i top, wliicli is at onei' lilleil by fresh eoal intro- 
produetion lakes )ila(‘e on tlic coke side, wlu-re ’ duued from a small ho))])er above each retort, 
it is subjecti'd to the greiit(‘st lu'at. the gases i eoiiiK-cled by a valve with the mam <;oal bunk(5r 
prodiici'd iiiid tlien easiest route to th(‘ outlet aiiove from which it cun be tilled with coal as 
at till' top of the letoit llirougli (he hot coki; napiireil. 'I’he rcloils, four of which art* jilaeed 
layiT, wbicli is always broken ami fissured. On ! in a si'ttmg, are 25 feet in length, and have a 
the other liaml. wluTe a non-caking eoal is : considi'rable, taper to fueibtate the downward 
earbonised in \ei(ical r('lorts. no such plastic mo\ement of tlie iiuvss. Tlu- lieatiiig is effect(*d 
layer forms, and with such coals unl«'.ss , by producer gas, winch, with the secondary air, 
the coal ilscll is ver\ small and lies in a compact eid^Ts at the top, the mixed gase-s passing 
mass, the \t)lalile pioduets then mandv pass as downwards, the tmiiperature on the outside of 
formed to (he mith't at the top of the ri'tort , the retorts being highest at the top and tlecrcas- 
through the (ool <'m<“ of unearbouiHed laial. ^ mg to the botl^om of (In; retorts. 

In th(> later form iif the Dessau retorts, the ■ In the (llovcr-Wcst systinn, i''ig. 12, the dis- 
length of the oblong cross section ha.s been obargeof the coke iseife.ctod inadillerent manner, 
reilueed, and these relort-s set m rows of three. At tnc bottom ot the retort, is placed a screw 
which uri' charged atul liischargi'd •snnultane- eonvi'yor, tlie pitch of winch is less than the 
oiisly. The reduction m the sr/e of tlu' retort angle of rest of the eoke, ami this is slowly 
m rease.s the juoporliim of h(“atmg surface to rotated, thus cffoclmg the gradual liischargo of 
the cubic ciijuu ily ot (lie ri'toH. ami ri\sults in a tln' eok<‘ into the ehanibei’s below, from which 
inon- ra[ml earboiu.-'atmn and imreasi'd output it is lemovoil at suitable intervals. As the coke 
of gas, and also a reilueed fuel consumption. is lemoved from the bottom, the whole mass of 
Continuous vertical retiyts. In this syatom tlu' material m the retort moves downwards, 
of earbomsation. (be oliject aimed at is not only leaving a space at the top which is at once filled 
to avoiil an e\ecssi\ e heated free space above the from the small hopper at the top of each retort 
eoal. but also tn render tlie process a eontimmus and closed at tho top by a gas-tight valve, 
one, by tbe inblition of mei-haineal ariaiigmuents shutting it oif from the mam coal buiikcr above, 
whert'by tlu' coki' is withdrawn continuously, or , The small hopper is lilled with eoal every few 
nearly so. from llu* bottom of ih<‘ retort, fresh ' hours by opening the valve and allowing it to 
eoal laMiig added to (lie retort at tbe to]) to j till up from the mam bunker. The retorts are 
replace the eoki' witlulnivvn, so that the eoal to ' from 20 to 23 feet in length, and tapered, eight 
bo carbonised slowly travels down the retort, i being placed in a single setting. For the 
undergoing gradual conversion into coke and | iiurposes of healing, the setting is divided into 
gH«. Tbe conditions in tlie retort, tliendore, a number of sections by horizontal division 
remain apjiroMmately constant, and the quan- walls, the three ujiper sections receiving the 
tity and (piality of the gas evolved remains i combined waste gases from tlic chambers Mow, 
fairly constant, instead of both falling off as and abetracting mueh heat from these before 
carbonisation proceeds, ua is the ease with an they paas to the chimney. Tho next six sections 
intormittontly charged relirt. « form the heating chambers proper, each receiving 

Tho eontimiouH system of carlMinisation lias , a separate supply’ of producer gas from tho 
boon chioHy’ worked out in this country’. Al- ; furnace, as well os a separate supply of secondary 
though many experiments in this dirct'tion were air, and by suitably regulating the supplies, the 
made in the last eenturv, none hiet with any Uimperaturos in the ailTeronl sections can be 
decree of success. In tlie early years of the adjusted to that found most suitable for the 
present century, however, very interesting iiartieiilar coals carbonised. In the lowest 
results were obtained with tho Settle-Padtiled section, the smtondary air is admitted on its way 
continuous vertical retort (Eng. Pat. 12552, | to tho heatii^ secti^, and thereby oools the 
1002 ; 2458S. 1003), which showed that excellent now carboni^ coke, passing throi^h the 
uarbonising results, so far as yiold and quality I retorts, so that Uiis i» dischaig^ tn a rcwtiively 
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cool condition, and requires no (quenching, its 
heat being retumetl to the setting with the 
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seoond&iy air, effecting a considerable economy 
m t^e fuel consumptitn. liitMiM 

The constant morement of the mass through 


the retort in such continuous vortical retorts 
modiiies the conditions of carbonisation to some 
extent. As with the intermittent retorts, the 
heat penetrates tliu mass of coal from the 
jK‘riphpr\' and travels inuards, but tho coal is 
constantly moving downwards, the uncarbonised 
coal takes the form of an inverted cone, the bwe 
of which 18 at tlie top, and tho apex at a point 
about two-thirds of tho hiigth of the retort 
below. A small j>ro]»or(ion of givs, with much 
sK'am, is fornu'd on lh<‘ inner and cooler side of 
tlic layer of decomposing coal, ami escape up 
through the cjr<‘ of nncaiboniHcd coal, but with 
a caUnig coal lln* bulk of the gas is formed on 
the hotter outer portion of the dts-omposing 
jiasty layer and passes un through the surround¬ 
ing hot’coke, (tnly a llmilod amount of free 
space js left at the top. 'Die tar produced i« 
thill and contains hut little fr<‘(^ carbon, no 
naphthalene trouble occui-s with the gas after 
condensation, tlu' carbon disulpliitlo is reduced, 
and at the same time a high yield of gas of good 
culontic ]K)wer is obtained. 'riH' coke formed 
from the continuous proems is usually less denae 
than that obtained by intcrnntteiit earlxmlsation 
in M-rtical retorts. 

Water-gas production In retorts. As already 
menlmiied, admixture of bhu^ wati'r gas to the 
coal gas JS being cariied out to an ihcreasing 
extent. In some instjinees the water gas is 
made in a si'iiarate ]»!ant uinl introduced into 
the coal gas stream at varying points, and in 
others the increased wati^r gas production ie 
ohtaiiUHl by tin* mldition of sU^am, to the 
retorts. Su<‘h steaming has been carried out 
•n horizontal retorts by mtrodueing steam below 
the coke mass throughout the lengtli of the 
retort, and tins has jjroved a valuable moans of 
maintaining the gas supply during rectent periods 
of coal 8hortag<\ 'I’lio conditions in horizontal 
retorts are, however, not favourable to tho 
manufacture of any considerable proportion of 
water gas in this manner, (‘xcept witn produc¬ 
tion of a high percentage of carbon dioxide in 
the mixed gas obtained. Vertical retorts, in 
which the stiMim has to pass through a much« 
deeper bed of fuel, prment much more favourable 
eonditions, and it ha« long been the practice 
in the case of intermittent vertical retorts to 
admit steam to tho bottom of the retort during 
the last 1-2 hours of tho charge to increase 
tho )jro(luction of water gas, and recent nKjuire- 
rnonb^ liave brought about a groat increase in 
the extent of this steaming. 

With continuous vertical retorts, small 
amounts of steam have for a long time been 
admitted continuously at the bottom of the 
retort, resulting in tho production of small 
amounts of water gas, and also in preventing 
ignition of tho gas when tho bottom doors are 
opened for tlio disehai^e of the coke. During 
recent years the ^xtont of steam admitted 
(usually previously suporlieated) has greatly 
increased, and very considerable proportions 
of water gas are now being thus made in these 
retorts. The changes whiem occur are, however, 
not solely confined to the production of water 
gas, as secondary effects occur to the gas, tar, 
and ammonia production from the coal itself- 
This arises from the fact that owing Ui the 
increased production, the gasee fonoM in the 
retort from the coal are thereby driven out of 
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the retoTi more qtiioldy, and thufi exposed foe a 
shorter time to the action of heat, which resuite 
in an increased yield of both tar and ammonia 
from the lessened decomposition occurring. 
The increased amount of hydrogem m the gns 
also tends to the production of Ur contairung a 
higher proportion of hydrogen. On the other 
hand, as the water-gas production is endo¬ 
thermic, a greater amount of fuel luts to be \i8ed 
to maintain the t<‘mp<Tuture, and to obtain a low 
percentage of carbon <lioxnlo in tlie gas high 
temperatures mast be maintained at the lower 
portion of the retort; tlu’ coke yield is also 
slightly re<lin;e<l liy r«“a«on of the carbon used 
for water-gas production, aiul the percentage of 
ash in tlie coke obtained slightly increased. 
The amount of steam which can be added varies 
greatly with different classes of coal, but with 
certain kinds of coal, yields of 2o,<KK) of mixed 
gas having a ealoriHe power of 4tM) B.Th.Lb 
have l>con obtained 

Detailed invcstigatimiH of tlie jiroeesH of 
steaming in continuous vcrtic,al retorts have 
lioen made by the investigation (.‘ommitteo of 
the Inslitution of (Jas Kngineers, and liy the 
Fuel Hoftoareh Board. (tJas Journ Jb20, 100, 
(>40; 1921, 154. 042, GU7.) 

Carbonisation in larger bulk, cionsidorablo 
attention has recently bc<‘n paid, e«p<^cially in 
(jcrmany, to the carbonisation of coal for gas¬ 
making purjioses in much larger l)ulk than the 
gas retort-, and more in ai'cordance with the 
practice where metallurgical coki' is the product 
primarily required art. ('ok^). Jn this 

industry, as the gas is a by-product, the latter 
IS employed for heating the ovens, but iw with 
good working only about half the gas made is 
required for this purpose, a considerable surplus 
remains, which is generally used for Imilor firing 
or in gas engines, in thi; north of England, a 
considerable amount of this surplus gas is either 
distributed in the neighbourhood of the ovens 
for general purposes, or more fre<iuently the gas 
is smd in bulk to neighbouring gas undertakings, 
and mixed by them with the gas manufactureil 
by their own plant. Middles borough is almost 
entirely supplied with gas from coke ovens, and 
a material proportion of the supply of Leeds, 
Sheffield, and other towns is derived from the 
same source. In Germany ami in the United 
States an incrca^tiig amount of coke-oven gas is 
employed in this manner. 

In the coke-oven industry, the object aimed 
at is not only the production of coke, but also 
the utilisation of the slack inevitably produced 
in the operation of mining. This is in many 
oases first washed to remove mineral impurities 
08 far as possible, and, when charged into the 
ovens, lies in a dense mass, whiim may be 10 
tons or more in weight, and has very small! 
interstitial spaces, and is sometimes further j 
specially compressed; moreover, it contains | 
10 p.c. or more of moisture. Whilst the | 
result of these alterations in the conditions ' 
from those in gas retorts effects an improve-' 
ment in the quality of the coke produced, 
.the gas, as it is formed, has neater difficulty in : 
escaping from the centre of ^e charge, and the 
vdinme produced is usually lower, although it is 
<»f good oalorifio power, provided due precautions 
are token to preveqj; the drawing in of undue < 
amounts of furnace gases or air. The rate of 


COAL. mi 

I carbonisation is also naturally much slower, as 
; the larger the bulk in which tlio cool is charged 
the smallor is the rafto of heatinj^ surface per 
unit weight of coal, which further infiuenoes, to 
some extent, the competition of the resultiiq; 
gas. 

i 111 Germany, particularly during the jiast 
^ few years, extensive experiments nave been 
' made with carbonising chambers of rather 
Hiuuller H 1/.0 than coke ovens, holding from 
' 3 to () tons per cliarge. in which the heating is 
effected by producer gas manufactured from 
the coke, and ordinary gas coal is carbonised 
instead of wivslied slack, in some of the forms 
adopted, lion/.onfeal ehambern are used, and in 
others, these are providc'd with a sloping 
bottom, to facihtaU' the charging of the coed 
, aii<l <liHchargc> of the I'oke {<sce J. Gas Lighting, 
j l!M)9, KKj, 832). The ooko obtained with su^ 

; cbandM'rs is more closely allied to metallurgical 
j coke than to ordinary gas coke, but wnero 
I ordinary gas coal is ustsl, the rosulte, so far as 
, ipiality of giis, tar, and ammonia are concerned, 
i do nut. appear to differ materially from tl^o 
j olitained with intermittent vertical retorts, 

I relativoadvantagos of sucli chambers and retorts 
I lie inorct in connection with questions of the 
' capital and working (iosts, of the desirability of 
. sucli largi' carbonising units for making a uniform 
: quality of gas,/or i^justmg the gas output to 
tlie seivHonal variation in the demand for a 
j public supply of gas. and of the suitability of the 
I quality of <-oko ])roduced to supjdy the local 
! demand. Kinee 1911 a f«'W instullationa of 
this intermediate type of chambers, between 
the sixe of retorts and coke ovens, have been 
adopted in this country. 

'Pho possibility oi supplying gas of low 
calorific power lias resulted also in the develop¬ 
ment of ])lants for the total gasification of com, 
the general principle of which lies in the combina¬ 
tion of a vortical retort with a water-gas or 
mixed gas producer, the coal ]}assjng into the 
producer through the former in which, partly 
W external heat and ])artly by the sensible heat 
of the hot water gas or producer gas passing 
through it, tliis is convertea into a low-tempwa- 
ture coke Indon.* reaching the producer, where it 
IS finally gasified, the mixed gas thus produced 
having a ealorilic power of 300-3.50 B.Th.U. 
Such plants have ]M*en adopted in many gas 
works in this (country as auxiliaries, and also to 
a considerable- extent on the (’ontinent, hut 
delailed and checked reports of their efficiency 
have not yet lieen published. 

The efncien(;y ot plants of this type would be 
very largely increased if oxygen were available 
at> a cheap enough rate to introduced along 
with steam instoa<i of air into the producer. 
This matter is fully discussed by Hodsman and 
Cobb (Gas Joum. 1920, 160, 040). ^ 

fJONDENSA-rtoN OF THE HOT GaS. 

The volatile products driven off from the 
coal issue from the retorts into the mouthpiece, 
at a high* temperature, which may, at times, 
reach 700°-800^, but this foUs very rapidly as 
the gas passes up the ascension pipe. This 
arises partly from the fact that the OiQerenoe'in 
temperature between the gas within and the air 
circulating around the pipe is very great, and 
partly because the numoer of heat units to be 
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removed for a given temperature interval is 
relatively small, being due to the specific heat of 
the gases, and the latent heat of the tar vapours 
which condense, both of which are oomnaratlvoly 
low. The temporal lire, t heivfore, falls rapidly 
up to the point at which water commences to 
condense, whitdi is uHually about Tri'-SlV, and 
from this point onwards tlie rate of cooling 
becomofl very slow, ohu'lly owing to the liigh 
latent heat of the steam present. The dew¬ 
point is mostly attaimnl by th<' time tlie gtus 
reaches tlio din juj>e, and tin* tenipenitun' of 
the gas in the liydraulic or dr^ mam. where the 
.streams of gas from 1ii<' dilh*r(‘nl- ri'torls mi.x, 
averages about (iO'. Jty tJie time tlie stenin 
eommeneos to eon(ien.s('. In far tlu* gn*uter part 
of the tar vap()ui>5 pn^si'iit liavo li<|ueliod. and. 
owing to the rapid rate ot cooling, tliese si'parate 
in the form of linely (h\idcd tlrops or ve.si<les, 
which are earned along witli the stream of 
uncondensed gas HKs hauicaily m llu“ form of u 
dense brown fog. In passing tlirough the 
hydraulic or dry mam. (lie greater part of this 
fog (generally from 70 to HO p.e.) coalesces to 
form lujuid tar. a considerable amount of water 
also si^paratmg here also,•which comlunes with 
the ammonia ami other impuntu's of the gas, 
forming aminoniacal lujuor, these tw'o h(|uids 
being ri*moved m tiie manner already (hisenbed. 
The combined streams from all the collecting 
maiii.s of the separate- setting uint,c m a trunk 
mam termed the ‘foul’ mam. by which they 
are oonveyed from th<^ retort jumse to the 
condensing plant proper, the combined stream 
having at this point a tmnjierature of bO'- 00 ', 
and still containing mucli Nuspended tar big, 
amounting in sonu- cases to a.s much as one- 
third of the total tar jiroduetioii. 

The cooling of the gasi‘.H to apt»roximately 
atmospheric temperatur<» is cfTected by means of 
either atmosuherH^ eonderLsei-s or water-cooled 
condensers Although many types of the former, 
differing in external apjicarance, are in use, the ! 
arrangement i.s m all cases such tiiat the gas i.s ; 
passed slowly through apparatus expf>siiig a large i 
surface to the air, wlu're.by the simsiblo heat of i 
the gases and the latent heat of the vapours is i 
given up to the air jiassmg over the surface. In , 
the water-cooled condonsera water is emjiloyed j 
as the cooling medium in place of air. This ; 
typo of condenser requires a much smaller I 
cooling surface than the atmospheric type, and 
the temperature to which the gas is eooleii can 
be more readily r(igulatcd by controlling the 
flow of water, provided a sufficient supply of 
cold water is always available. 

Fig. 13 shows the general arrangement of a 
vertical, and Fig. 14 of a horizontal, atmosjihcric 
pipe condenser, the manner of working l>eing 
readily apparent from the diagram. Fig. 16 
gives one section of an annular atmospheric 
condenser, in which the gas passes through the 
annular s^acc between the inner and outer 
pipes, the air circulating not only over the 
outer pipe, but also ascending up the inner pipe, 
cooling Doth surfaces of the annular ehamix'rs. 
The volume of air passing up the inner pipe can 
be varied by means of the damper shown, and 
the extent of cooling of the gas rcgulat^ to 
some extent in this way. Fig. 16 gives a vertical 
imd cross section of a water-cool^ tubular con¬ 
denser, the gas passing downwards over the 
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outer surface of the small pipes, the water 
travelling up the pipes in the reverse direction 
to the gas stream, so that the gas leaving the 
a{)paratuH is himlly cooled by the incoming cold 
1 water. Many other good forms of both atmo- 
I spheric and water condonscrw are in use, but their 
action iH, in general, similar to those described. 
When liigh larbonising tiunperatures lire 
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employed, especially with certain classes of coat, 
the tar separating in the cold end of the con¬ 
denser is apt to l>ec(>me semi-solid from ci^tal- 
lisation of naphthalene, eventually causing a 
stoppage. To avoid this it is convenient t8 
arrange the connections and valves in such a 
manner that the inlet and outlet can bo reversed; 
the previously cold end then receives the hot 
gas, and the thick tar becomoi fluid and flews 
to the tar w^I, so that by periodic reversals of 
the stream blocks from this cause can be largely 
avoided. 

In this country, where the seasonal changes 
in temperature arc not, as a rule, very extreme, 
aftnoepheric condensers are employed to the 
largest extent, water condensers ^ing employed 
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frequently in a<l(liiion to effoct the final cooling 
of the goB. On tiio (Continent, where lower 
temporaturoH often prevail in winter and higher 
in summer, water condenHcm are more frequently 
U84?d, and are enelosod in buildings to protect 
thorn from extremes of temjHTatiiro. 

in the days of the niamifaeture, tlie 

only point <-onsidered was the siniplo cooling of 
tlie gits, but i1, was soon found that tlie manner 



in which the t'ooling takes place and the tempe¬ 
rature to which (he condensed tar is cooUmI in 
oontacit with the gas has a very material effect 
on’^the illuminating power of tlie gaa produced. 
This arises from tiie fact that the illuininating 
power of the gas is very largely dependent upon 
the amount of benzene vapour present in it. 
and the lower the temjierature to which the 
tar is cooled when in contact with the gas, the 
greater \& the proportion of the beiticeue retained 
by the tar and the lower that left in the 
gas. The object oinKHi at in condensation is, 
therefore, not merely to cool the gas, but to 
oairy out the cooling in such a manner as to 
leave in it the maximum amount of benzene 
vapour that it can retain at ^ lowest tempera- 
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ture to which it may be subsequently exposed 
during distribution, and, at the same time, to 
remove as completely as possible the vapours of 
higher-boiling subetances, especially naphthalene. 
The importance of the removal of the latter 
anscfl from the fact that it is a solid at the 
ordinary tfiinjicrature, and, when present, is 
liable to he deposited m crystals as the gas 
I cools, and then caiineH blot'ks in the subsequent 
mamifactiiring plant and in the distribution 
system, causing groat inconvenience. Although 
1 the amount of najihthalenc in the gaS sent out 
, fr<un the works rarely (‘xcecds 15-20 grains per 
, loo cub. ft., and is usually much less, the 
, deposited naphthalene may, when weather coii- 
1 (litions arc lavourable to its separation, cause 
I till' stoppage of hundreds of service pipes in a 
I single mgiit in a large town, 
j To effect the maximum retention of the lowest 
! hoiling-tar constituent, h<‘iv/ene, and the most 
I compl<‘to removal of the higher-boiling con- 
\ stil uenl-s, tl»c uh^al proeedure wouhi b(5 to arrange 
; the comhoisnig system so that the whole of the 
! products of eoridcnsutioii flowed back in the 
, opposite direction to tlie gas, whereby tlie gas 
I IS eontmually oxposisl to the solvent action of 
j the lujuids condensed from it at a lower tempera- 
j ture, in exaetly the same manner as the vapours 
] from a mixture of liquids are treated in a 
: fraetionating column in the process of fractional 
, distillation. Tlus jirineiple is, however, very 
dilhcult of ap]ihrati<>n in its entirety in the coal- 
gas manufactUR', for many reasons. In the 
first place, as already mentioned, the sejiarat© 
streams from oaeli retort undergo such rapid 
cooling before they combine to a single stream, 
that the tar ha-s largi'ly separated as a fog, 
which IS inevitably largely carried forward 
mechanically with the gas, instead of travelling 
in the reverse direction; and, secondly, water julso 
I comlenses from the gas, and as this does not mix 
1 witli, and is Hpeinlicaliy lighter than, the tar, it 
tends to cover tlie surface of the separated i&r, 

1 and priivont the latter exerting its full solvent 
action on the substances still present as vapours 
■ in tho gas. Where tho coal is carbonised in 
larger units, as in coke ovens, the combined 
streams from tlie different ovens have a much 
higher temi»eraturc; here a strictly counter¬ 
current proecjis is more possible, and Feld has 
pat^mted a jirocess for the treatment of such 
gas in a sprios of mechanical washers, in which 
the gas is successively washed with the products 
' condensing at a lower t-cmjioraturo, the tor 
I^ing obtained direct from these in different 
: fractions, corresponding to tliose obtained in the 
first distillation of coal tar, an<i free from water, 
' as the temperature is not allowed to fall to the 
point at which steam commences to condense 
, (Eng. Pat. 262fi2, 1905 ; 20139,1907 ; 27667-8, 
j 1907 ; 9086,1910). The removal of twft^from 
; the hot gas from coko ovens at temperatures 
above the dow-point is also carriid out by 
the Otto process {^ee art. Cork). 

The adoption of the counter-current system 
in gas works in the later stt^es of condensation, 
tends to have a beneficial effect, but the extent 
is only slight, owii^ to the above-mentioned ]fao- 
tective effect of tiie condensed ammonuMol 
liquor, the quantity of which is much ^«ater 
than Uiat of the tor alUs tiie gss leayta 
the hydraulic mainr In genwal, indeot 
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dtTe^nc« oooQTs in practice as to the manner 
in which the condensed tar is allowed to flow, 
this being sometimes with and sometimes 
agiunst the gas strcamK, and somotimes alter¬ 
nately in each direction. Jt. is, however, 
generally agrowl t hat, tlic tar which soparat-os at 
^e oariittit stages, namely, in the iiydraulio 
main, sliould be removed from contact- with the 
gas bofotti the t-emjK'ratiire of the latt-er is 
reduced below 'Mf- liC) 

Formerly, when ga.s of luglicr illuminating 
power was made, it wjw generally regarded <us 
important that, tlu; conlmg ot the giw, at any 
rato from (K)' to about 25 ', .sliould lak«' plain' 
slowly, if Jo.HH of ilhimmnting power was to In* 
avoiiicd. With gas of the ijuality now usually 
made, this is, howi'vi'r, of but little influence, 
rapid cooling in this case effecting hut little 
reduction of the caloiitic power, provided the 
temperature is not reduced Ixdow ; if. 

however, the gas is at any time cooled in 
presence of tar much below i.'i'’. dociilcd ri'iluc- 
tion in calorirH; power occurs, and too great 
reduction of temperature in condensation is. 
therefore, always to be avoiiled. 

During the whole of eon<l<*nsation, indiuling 
that occurring in the retort bousi', from 51 to 15 
gallons of tar per ton of eou! (varying witli the 
nature of tho Iatti‘r and the temperatun- and 
method of carbonisation) are sejiarated fr(*m the 
gHa, together with a (piantity of aiiiinonwv al 
li((uor varying usually irom about. 10-15 galloiin 
per ton. Tln'se botli lh>w together to the well 
or wells, to wlneli any tar and liquor from 
the subsequent apparatus also gravitati^. 'Die 
condensed water removes a large proportion of 
the ammonia from the crude gas (usually about 
half of the 400-450 grams per 100 cub. ft. 
contained in the gas issuing from the ret^^rts), 
ai^i the alkaline ammonia solution also extracts 
tho whole of tlie tiydrochlonc acid m tho gas 
formed from the chlorine in the coal, ami some 
of the carbon dioxides sulpiiurottod hytlrogen. 
and hydrocyanic acid. 'I’he liquor obtained m 
condensation is U'rmed ‘ vii^m liquor,’ that 
portion formed in the retort. hou.so being usuallj^ 
though not invarmlily, weak, and containing 
from 0-6 to 1-5 p.c. of ammonia, whilst that 
from tho condensers is more eoneentratod, and 
may contain 4 p.c. or more. The cooled giis 
moeily contains some 200 grains of ammonia, 
and 60-100 grains of hydrocyanip. aeid per 
100 cub. ft., from 1 to 2 p.c. of sulphuretted 
hydrogen, and 1-tf p.c. of carbon dioxide, and 
in admtion also an appreciable amount of ^r 
fog, which has not boon removed from the gas 
in ite passive through tho condensers, and 
which, ii not previously eliminated, Ls deposited | 
in the subeequont purifying apparatus, rendering 
them much lesB efficient. 

Exliaasten. The gas pumps, or exhausters, 
are in the most usual practice placed at the outlet 
of the cofldensoni, the gas being drawn through 
the condensers end forced on through the 
subsequent plant. Various kimls of exhausters 
are employe^ the most popular being those of 
the Beale rotary type, shown in Figs. 17 and 18. 
Theee are automatically contremed by the 
vacuum in the hydraulic main so as to maintain 
the latter constat, a service pipe being run 
from the hydraulic main to a governor in the 
eachauster iiouse. The latter governor is then 
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connected with a throttle valve controlling the 
steam supply to the exhauster, so that the speed 
: at which the latter runs is automatically r^ulated 
to give a steady vacuum; or the latter may be 
run at a constant and the governor 


jB 



Fio. 17. 


connocU'd to a valve on a by*pa.sH main from the 
inlet to tin' outh't of ilie oxhaiister, allowing 
more or le^is gax to Dow back from the exhauster 
outlet to dll' inlet, iiccunliiig oh (he rate at whiidi 
(h(‘ gan IS evolved from the n'tort falls orrises. 



Extraction of tar fog. 'I'o eliminate the 
remaining tar fog from the cooled gas, two 
methods arc einjiloyod. In the first, repre¬ 
sented by the JVlouzi'-Audouin tar extractor, 
the guH IS divided up inl.o line streams, wliich 
iinjiinge, at a couKidiTabie velocity, on a flat* 
surface ; the tarry ]iartic:leH adhere to the latter 
and coalesce to tar which flows away. Fig. 19 



shows the essentiah portion of the apparatus, 
which consists in two plates with a smau space 
between them, the first of which is perforated 
with fine holes about ^ inch in diameter, and the 
second withTslots, the plates being so fixed that 
the gas issuing through tho smfdi hole* impinges 
on the unperforated portion of the slotted 
plate. Two such pairs of plates are used in 
series, and these are arranged to form a 
(Fig. 20), which is sealed in the tar formed, and 
oounterl^iancod by weights so that it is free to 
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rise in the? iar. If the amount of gofl paw»mg 
througli th« ai)|>ara(uN iii(TeaH('8, Uio presKuro 
within tho i)oll tends to inertuvno also, and the 
latter nw-s, and llius prweritH a larger number 
of hob's for Jln‘ gas to jaisK through, and nee 
rerMo, and in this 
manner tlie veliM iiy of 
llu' gas 1-lirough th<“ 
liobis iH kept approxi¬ 
mately constant willi 
\ar\ing production of 
gas 'Phis apparatus is 
\ciy ellicu-nt when 
[iropi-ily worked. Imt 
iH ])r(d<‘rably main¬ 
tained at, a teiiipera- 
tiire ot ahont [W , as 
otlo'l'wise the deposited 
tar may Iksoiik" so 
thick that It, cannot 
(low awnv, a,nd tlic' 
appaiat us Ihm oiucs 
1>I<K ked 

Tin- second met hod 
consists in di\uliiig tin- 
gas into a number of 
small sln-ams, and l)ub- 
bliiig these through 
aiiiinonia<-al li([Uor, t his 
s<T\ mg t in- doufib- pur¬ 
pose of ri-moving tai 

fog. and of strcnglh(-n- 
mg the \M'ak luinoi 

prodiK-cd m other parts 
of tin- j>roc(‘Hs (such as 
the relort-houso hquoi. 
FlO. 20. or the li(|iior from tin- 

final H(-ruhhcrs), wlinh 
18 fed into tin- ajtparafua. A very enicient 
apparatus of fins tyjio is tlie Livesey 

washer, tin- essential h-ature of wliieh is 

shown in k'lg. 21. Jt <-onsists of a parallel 
aeiies of troughs arranged m a cast-iron reet- 
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angular vessel, the lower portions of which are 
perforated with holes inch in diameter, 
as shown, this portion being sealed in am- 
moniacal liquor. The gas entering at the top 
passes down between the troughs, and forces 
some of the liquor through tht^ holes into the 
interior of the troughs, llms unsealing the 
holes, thnmgli wliuh tin; gas then bubbles, as 
well as Ihrougli tlie second perforated plate 
across flic wnith <if tlie tioiigli The liquor in 
tin- tiougli IS biolo-n up into foam, and effects 
till- remosal of the tar fog and some ammonia 
from tin- gas, tin- Wfus!i(-(i gas passing away 
throiiLdi the opi-n eml of the trough to the gas 
outlet. With pro])(‘i woiking the amount of 
tai log can he ledneed to below 10 grams per 
100 cub ft., but tlie amount of ammonia 
reniovt'il \aMcs gr<-atl\ aci-ording to the strength 
of the liquor iis<-d. niid the- amount passed 
thiongh the washer. Small amounts of <-arbon 
dioxide, sulpliui-<‘1tcd hydrogen, and hydro- 
cyanic acid an- also rcmnvi-il by the washer. 

Wei purifleation. 'I'o efTi-ct tin- complete, or 
almost eompl(-ti-, removal of ummoma, the gaa 
IS next wash(-d with wati-r in suitable ajiparatus, 
tlie wasliirig being (ondmli-d on the counter¬ 
current ]n-incij)|(*. tfic gas meeting a current of 
water Howing m the opposite direction, so that 
the liquor b-axing the ajijiarutus meets with tlie 
gas richest in ammonia, aiuP is tln-reby worked 
uj) to till- highest stn-ngth pos.sib]e, whilst the 
gas l(-aviiig till- apjiaratus cmnes in <-oiita(d- with 
fresh water, eonlainiiig little or no dissolved 
ammonia, and is thc-Ti-by freeil as l omjdetely as 
practicafiU- from it. One of the oldest forms of 
apparatus for fli<- jmrjKisc, whi(-h is still largely 
in use, is Iho tcwvr jteriihber (Fig. 22). This 
consists of a vertical tower of circular section 
lilletl with coki-, flints, wooden boards on edge, 
or otlier material wliicli exjioses a large surfujso 
to the gas passing tlirougli it Water is mechani¬ 
cally sprayed ov(-r the wfiole of the upper surface 
ot the filling malerial, and slowly percolates 
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dtTe^nc« oooQTs in practice as to the manner 
in which the condensed tar is allowed to flow, 
this being sometimes with and sometimes 
agiunst the gas strcamK, and somotimes alter¬ 
nately in each direction. Jt. is, however, 
generally agrowl t hat, tlic tar which soparat-os at 
^e oariittit stages, namely, in the iiydraulio 
main, sliould be removed from contact- with the 
gas bofotti the t-emjK'ratiire of the latt-er is 
reduced below 'Mf- liC) 

Formerly, when ga.s of luglicr illuminating 
power was made, it wjw generally regarded <us 
important that, tlu; conlmg ot the giw, at any 
rato from (K)' to about 25 ', .sliould lak«' plain' 
slowly, if Jo.HH of ilhimmnting power was to In* 
avoiiicd. With gas of the ijuality now usually 
made, this is, howi'vi'r, of but little influence, 
rapid cooling in this case effecting hut little 
reduction of the caloiitic power, provided the 
temperature is not reduced Ixdow ; if. 

however, the gas is at any time cooled in 
presence of tar much below i.'i'’. dociilcd ri'iluc- 
tion in calorirH; power occurs, and too great 
reduction of temperature in condensation is. 
therefore, always to be avoiiled. 

During the whole of eon<l<*nsation, indiuling 
that occurring in the retort bousi', from 51 to 15 
gallons of tar per ton of eou! (varying witli the 
nature of tho Iatti‘r and the temperatun- and 
method of carbonisation) are sejiarated fr(*m the 
gHa, together with a (piantity of aiiiinonwv al 
li((uor varying usually irom about. 10-15 galloiin 
per ton. Tln'se botli lh>w together to the well 
or wells, to wlneli any tar and liquor from 
the subsequent apparatus also gravitati^. 'Die 
condensed water removes a large proportion of 
the ammonia from the crude gas (usually about 
half of the 400-450 grams per 100 cub. ft. 
contained in the gas issuing from the ret^^rts), 
ai^i the alkaline ammonia solution also extracts 
tho whole of tlie tiydrochlonc acid m tho gas 
formed from the chlorine in the coal, ami some 
of the carbon dioxides sulpiiurottod hytlrogen. 
and hydrocyanic acid. 'I’he liquor obtained m 
condensation is U'rmed ‘ vii^m liquor,’ that 
portion formed in the retort. hou.so being usuallj^ 
though not invarmlily, weak, and containing 
from 0-6 to 1-5 p.c. of ammonia, whilst that 
from tho condensers is more eoneentratod, and 
may contain 4 p.c. or more. The cooled giis 
moeily contains some 200 grains of ammonia, 
and 60-100 grains of hydrocyanip. aeid per 
100 cub. ft., from 1 to 2 p.c. of sulphuretted 
hydrogen, and 1-tf p.c. of carbon dioxide, and 
in admtion also an appreciable amount of ^r 
fog, which has not boon removed from the gas 
in ite passive through tho condensers, and 
which, ii not previously eliminated, Ls deposited | 
in the subeequont purifying apparatus, rendering 
them much lesB efficient. 

Exliaasten. The gas pumps, or exhausters, 
are in the most usual practice placed at the outlet 
of the cofldensoni, the gas being drawn through 
the condensers end forced on through the 
subsequent plant. Various kimls of exhausters 
are employe^ the most popular being those of 
the Beale rotary type, shown in Figs. 17 and 18. 
Theee are automatically contremed by the 
vacuum in the hydraulic main so as to maintain 
the latter constat, a service pipe being run 
from the hydraulic main to a governor in the 
eachauster iiouse. The latter governor is then 
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connected with a throttle valve controlling the 
steam supply to the exhauster, so that the speed 
: at which the latter runs is automatically r^ulated 
to give a steady vacuum; or the latter may be 
run at a constant and the governor 


jB 
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connocU'd to a valve on a by*pa.sH main from the 
inlet to tin' outh't of ilie oxhaiister, allowing 
more or le^is gax to Dow back from the exhauster 
outlet to dll' inlet, iiccunliiig oh (he rate at whiidi 
(h(‘ gan IS evolved from the n'tort falls orrises. 



Extraction of tar fog. 'I'o eliminate the 
remaining tar fog from the cooled gas, two 
methods arc einjiloyod. In the first, repre¬ 
sented by the JVlouzi'-Audouin tar extractor, 
the guH IS divided up inl.o line streams, wliich 
iinjiinge, at a couKidiTabie velocity, on a flat* 
surface ; the tarry ]iartic:leH adhere to the latter 
and coalesce to tar which flows away. Fig. 19 



shows the essentiah portion of the apparatus, 
which consists in two plates with a smau space 
between them, the first of which is perforated 
with fine holes about ^ inch in diameter, and the 
second withTslots, the plates being so fixed that 
the gas issuing through tho smfdi hole* impinges 
on the unperforated portion of the slotted 
plate. Two such pairs of plates are used in 
series, and these are arranged to form a 
(Fig. 20), which is sealed in the tar formed, and 
oounterl^iancod by weights so that it is free to 
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Naphthalene re¬ 
moval. Mention has 
already been made of 
the (ufficulty whicli 
arises from blockages 
both in the plant and 
iiiains on the works 
and on the mains 
and M(!rvictw in the 
district of supply, from 
tlif deposition of solid 
nupJitliulono from the 
;fas. In the early days 
of the industry, when 
lower carbonisation 
temperatures were em¬ 
ployed, no difliculty 
was exjicrieuced in this 
iesp(‘c(, as, althougli 
considerable amounts 
of naplithaiime wore 
even then present in 
till' iiot gas, t he amount 
ot oilier tar coiisti- 
I uouIh boiling at the 
same or a lower 
tomperatimi than 
naphthalene was suf- 
iicient to effect a 
practical ly eomplol e 
washing out of the 
na])hthal('ne from the 
gas in tlio ordinary 
proee-ss of eondensa- 
tion As earhornsing 
tempeml uni increased, 
Iroul)!*' fiom naphtha¬ 
lene became more and 
more notieeahlc, at 
lirst only where eoais 
frcim the Durham coal- 
held were carbonised, 
but eventually, with 
still Jugher carbonising 
(miiperatiu’es, from ufi 
elasMsi of coal, and 
very serious nuisance 
fnun naphthalene 
stopjiagos took place, 
both manufacturers 
luid consumers being 
affected. 

'I’he (iiflieulty arises 
fioiu the fai’t already 
discussed, that in¬ 
creased carbonising 
ti'mperaturos, whbn 
thcie is also a con- 
sidt'rable free spaiH) 
al>ovo tlic coal m the 
retort., effect an in¬ 
crease in the pro¬ 
duction of naphtha- 
h'lio and a decrease in 
the production of 
lower-boiling tar oite, 
the proportion of the 
latter being then in¬ 
sufficient to effect the 
complete washing out 
of the naphthalene 
from the gas at the 
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dtTe^nc« oooQTs in practice as to the manner 
in which the condensed tar is allowed to flow, 
this being sometimes with and sometimes 
agiunst the gas strcamK, and somotimes alter¬ 
nately in each direction. Jt. is, however, 
generally agrowl t hat, tlic tar which soparat-os at 
^e oariittit stages, namely, in the iiydraulio 
main, sliould be removed from contact- with the 
gas bofotti the t-emjK'ratiire of the latt-er is 
reduced below 'Mf- liC) 

Formerly, when ga.s of luglicr illuminating 
power was made, it wjw generally regarded <us 
important that, tlu; conlmg ot the giw, at any 
rato from (K)' to about 25 ', .sliould lak«' plain' 
slowly, if Jo.HH of ilhimmnting power was to In* 
avoiiicd. With gas of the ijuality now usually 
made, this is, howi'vi'r, of but little influence, 
rapid cooling in this case effecting hut little 
reduction of the caloiitic power, provided the 
temperature is not reduced Ixdow ; if. 

however, the gas is at any time cooled in 
presence of tar much below i.'i'’. dociilcd ri'iluc- 
tion in calorirH; power occurs, and too great 
reduction of temperature in condensation is. 
therefore, always to be avoiiled. 

During the whole of eon<l<*nsation, indiuling 
that occurring in the retort bousi', from 51 to 15 
gallons of tar per ton of eou! (varying witli the 
nature of tho Iatti‘r and the temperatun- and 
method of carbonisation) are sejiarated fr(*m the 
gHa, together with a (piantity of aiiiinonwv al 
li((uor varying usually irom about. 10-15 galloiin 
per ton. Tln'se botli lh>w together to the well 
or wells, to wlneli any tar and liquor from 
the subsequent apparatus also gravitati^. 'Die 
condensed water removes a large proportion of 
the ammonia from the crude gas (usually about 
half of the 400-450 grams per 100 cub. ft. 
contained in the gas issuing from the ret^^rts), 
ai^i the alkaline ammonia solution also extracts 
tho whole of tlie tiydrochlonc acid m tho gas 
formed from the chlorine in the coal, ami some 
of the carbon dioxides sulpiiurottod hytlrogen. 
and hydrocyanic acid. 'I’he liquor obtained m 
condensation is U'rmed ‘ vii^m liquor,’ that 
portion formed in the retort. hou.so being usuallj^ 
though not invarmlily, weak, and containing 
from 0-6 to 1-5 p.c. of ammonia, whilst that 
from tho condensers is more eoneentratod, and 
may contain 4 p.c. or more. The cooled giis 
moeily contains some 200 grains of ammonia, 
and 60-100 grains of hydrocyanip. aeid per 
100 cub. ft., from 1 to 2 p.c. of sulphuretted 
hydrogen, and 1-tf p.c. of carbon dioxide, and 
in admtion also an appreciable amount of ^r 
fog, which has not boon removed from the gas 
in ite passive through tho condensers, and 
which, ii not previously eliminated, Ls deposited | 
in the subeequont purifying apparatus, rendering 
them much lesB efficient. 

Exliaasten. The gas pumps, or exhausters, 
are in the most usual practice placed at the outlet 
of the cofldensoni, the gas being drawn through 
the condensers end forced on through the 
subsequent plant. Various kimls of exhausters 
are employe^ the most popular being those of 
the Beale rotary type, shown in Figs. 17 and 18. 
Theee are automatically contremed by the 
vacuum in the hydraulic main so as to maintain 
the latter constat, a service pipe being run 
from the hydraulic main to a governor in the 
eachauster iiouse. The latter governor is then 
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connected with a throttle valve controlling the 
steam supply to the exhauster, so that the speed 
: at which the latter runs is automatically r^ulated 
to give a steady vacuum; or the latter may be 
run at a constant and the governor 
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connocU'd to a valve on a by*pa.sH main from the 
inlet to tin' outh't of ilie oxhaiister, allowing 
more or le^is gax to Dow back from the exhauster 
outlet to dll' inlet, iiccunliiig oh (he rate at whiidi 
(h(‘ gan IS evolved from the n'tort falls orrises. 



Extraction of tar fog. 'I'o eliminate the 
remaining tar fog from the cooled gas, two 
methods arc einjiloyod. In the first, repre¬ 
sented by the JVlouzi'-Audouin tar extractor, 
the guH IS divided up inl.o line streams, wliich 
iinjiinge, at a couKidiTabie velocity, on a flat* 
surface ; the tarry ]iartic:leH adhere to the latter 
and coalesce to tar which flows away. Fig. 19 



shows the essentiah portion of the apparatus, 
which consists in two plates with a smau space 
between them, the first of which is perforated 
with fine holes about ^ inch in diameter, and the 
second withTslots, the plates being so fixed that 
the gas issuing through tho smfdi hole* impinges 
on the unperforated portion of the slotted 
plate. Two such pairs of plates are used in 
series, and these are arranged to form a 
(Fig. 20), which is sealed in the tar formed, and 
oounterl^iancod by weights so that it is free to 
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found in the purified kh« to any very coneidor- 
able extent. Jn hoiiu‘ undertakings the hydro* 
cyanic acid is extracted at an earlier stage by 
special procoHHeH in order to obtain cyanogen 
compoundH in marketabh* form, and the methods 
employed for this ])urpoHe will be described 
latc'i*. 

Wlien> sulpimicltcd hydrogen alone is to he 
roniovod, the' jjunfying inalenal lunployed Is 
moist hydrated ferric r)\jde, llie naturally occur¬ 
ring lM*g iron oie being largely used for the pur- 
[lose. Tills iMintains u sunii-ient amount of 
iibroiiH organic matter to render the mass 
porous and allow of the [lassagi' of tlie gas 
througli it. Where mtiticial or natural (eini: 
hydroxides, free from orgaim; mattei, are 
employed, tlu'se are. mixed with material such 
as sawiiuHt or wood chijis to giv(^ the reijuired 
porosity. 

The material is eliargi'd in e\en layei’s into 
m;tungulur easi-iion vessels {Fig 24) containing 
woodi'li grids t,o carry the o\,i(lc, the thickness 
and numlier of the laNem \aiYing acconling to 
the size of tlie purifier 'Fhe latter la then 
closed by a lul, winch, in tin- diagiam shown, is 
rendered gos-tighl by the provision of vertical 
sides which droji into a water lute cast around 
the jierijilieiy of the jmiifier; so long as tin* 
pn'SHure of the gas witlim the box docs not 
exceed that (([ual to the (Jcjdli of (he water 


seal, no gas can escape. As, however, serious 
explosions have occurred owin^ to escape of ^as 
through the water seal, owing to excessive 
pressure, the jircsont tendency is to the adoption 
of lutclcss hffc which aic bolted to the purifier 
and made gas-t.ight by the insertion of a rubber 
! joint lietweeii the [uirifier and cover. 

I The [iiiritiers are mostly worked in sets of 
• four, the connectums being so arranged that the 
I gas can b(! allowed to enter any box, and then 
, pass in senes thiough Ihc remaining boxes, 
i Freiiuently only lluce boxes arc worked in 
.senes, tlic fourth being off for changing the 
mat<-ruil. or kepi in reserve when freshly 
eliargerl until vulplnin-tted hydrogen is found 
to be getting forward ncailv to the outlet of the 
))ox before it. when the fresh box is put to work, 
and tlie (irst box ni the series shut out and 
recharged with fresh oxide. 

Tlie .sul{iliurett«Ml liydrogen acts on the 
liydrati'd ferric oxide in two different ways, 
forming either feme sul|ilii<le, or a mixture of 
ferrous sulpliide and free suljdiur ; 

(1) [:JM.S-Ke,S, + (3-4:t)H20 

(2) Fe, 03 ,r}l,(> i ;UI ,S=2FeS-fS + (.rfa)H20 

In neutral or faintIv aeid condition, the reaction 
takes placid according to the seeimd oijuation, 
hut in slightly alkaline condition ferric sulphide 
: alone IS formed, and as the coal gas entering the 



Fio. 24. 


purifiers always eonteiiis trac<w of ammonia, it 
IS this compound which is chiefly formed in the j 
gas purifton. j 

Whom the mass has ceased to absorb sulphur- ! 
etted hydrogem it is remcneil from the purilicr 
and spread out on the tloor in moist condition, 
with occasional turning over, to expose it to the 
air, when the ferrie sulphide is oxidised, reform¬ 
ing hyilrated feme oxide, with separation of free 
sulphur. As soon lui this reaction is complete, 
the maa« can bo returned to the purifier for llie 
extraction of further amounts of suljihuretted 
hydrogen, this alternate proeoiw of fouling and 
revivification Ix'ing continued until tlie mass 
contains 60-70 p.c. of sulphur, when it is sold 
for its sulphur content, being chiefly used for 
sulphuric aeul manufacture, one advantage of 
the materiifl for f ins purpose being its almost 
complete freedom from arsenic. 

As the crude gas entering the purifiers always 
conteins some oxygen, the rcvivificatfon of the 
ferric sulpliide to Jerric oxide and sulphur always 
takes place to some extent in the purifier itself, 
and the length of time for which a purifier will 
run without clianging depends, to a large extent, 
on the amount of oxygen in the crude gas. All 
things considered, the volume of oxygen most 
suitable is rather more than half the porcontage 
volume of the sulphuretted hydrogen in the crude 
gas; and where tlw wr aoeidentally getting in 


to the gas docs not rcacli this amount, more is 
added. A still largiir addition of air further 
mcroasoa the time the purifiers will run without 
changing, and consequently the cost for labour, 
but the extra amount of oxygen and nitrogen 
remaining in the gas lowers its quality, and if 
too much oxygen is present the separated 
sulpliur may even fire in the boxes, ami, apart 
from the damage caused m the box, the gas 
may bo badly contaminated with sulphur 
dioxide. The temperature of the gas passing 
through the puriliers should not fall below 
about 15®, os then tlie action of the oxygen 
becomes very slow. 

Instead of working the relation of the puri¬ 
fiers in the manner mentioned above, which was 
formerly imiversa], modified methods are now 
frequently adopted. Thus, for example, instead 
of putting on a frreh box os the last in the 
scries, it is now frequently put on as the first 
box, where it removes practically the whole 
of the sulphuretted hydrogen, and the gas 
coming from the outlet of the two boxes last in 
the series liecoraes quite free from sulphuretted 
hydrogen in a shoit time, any sulphuretted 
hydrogen pas.'^ing from the last purifier during 
i this period being taken up by a ‘ catch * purifier 
I placM on the common outlet main. At 
I of 24 or 48 hours or more, the last box is made 
I the first box of the seri^, when the same ciumge 
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dtTe^nc« oooQTs in practice as to the manner 
in which the condensed tar is allowed to flow, 
this being sometimes with and sometimes 
agiunst the gas strcamK, and somotimes alter¬ 
nately in each direction. Jt. is, however, 
generally agrowl t hat, tlic tar which soparat-os at 
^e oariittit stages, namely, in the iiydraulio 
main, sliould be removed from contact- with the 
gas bofotti the t-emjK'ratiire of the latt-er is 
reduced below 'Mf- liC) 

Formerly, when ga.s of luglicr illuminating 
power was made, it wjw generally regarded <us 
important that, tlu; conlmg ot the giw, at any 
rato from (K)' to about 25 ', .sliould lak«' plain' 
slowly, if Jo.HH of ilhimmnting power was to In* 
avoiiicd. With gas of the ijuality now usually 
made, this is, howi'vi'r, of but little influence, 
rapid cooling in this case effecting hut little 
reduction of the caloiitic power, provided the 
temperature is not reduced Ixdow ; if. 

however, the gas is at any time cooled in 
presence of tar much below i.'i'’. dociilcd ri'iluc- 
tion in calorirH; power occurs, and too great 
reduction of temperature in condensation is. 
therefore, always to be avoiiled. 

During the whole of eon<l<*nsation, indiuling 
that occurring in the retort bousi', from 51 to 15 
gallons of tar per ton of eou! (varying witli the 
nature of tho Iatti‘r and the temperatun- and 
method of carbonisation) are sejiarated fr(*m the 
gHa, together with a (piantity of aiiiinonwv al 
li((uor varying usually irom about. 10-15 galloiin 
per ton. Tln'se botli lh>w together to the well 
or wells, to wlneli any tar and liquor from 
the subsequent apparatus also gravitati^. 'Die 
condensed water removes a large proportion of 
the ammonia from the crude gas (usually about 
half of the 400-450 grams per 100 cub. ft. 
contained in the gas issuing from the ret^^rts), 
ai^i the alkaline ammonia solution also extracts 
tho whole of tlie tiydrochlonc acid m tho gas 
formed from the chlorine in the coal, ami some 
of the carbon dioxides sulpiiurottod hytlrogen. 
and hydrocyanic acid. 'I’he liquor obtained m 
condensation is U'rmed ‘ vii^m liquor,’ that 
portion formed in the retort. hou.so being usuallj^ 
though not invarmlily, weak, and containing 
from 0-6 to 1-5 p.c. of ammonia, whilst that 
from tho condensers is more eoneentratod, and 
may contain 4 p.c. or more. The cooled giis 
moeily contains some 200 grains of ammonia, 
and 60-100 grains of hydrocyanip. aeid per 
100 cub. ft., from 1 to 2 p.c. of sulphuretted 
hydrogen, and 1-tf p.c. of carbon dioxide, and 
in admtion also an appreciable amount of ^r 
fog, which has not boon removed from the gas 
in ite passive through tho condensers, and 
which, ii not previously eliminated, Ls deposited | 
in the subeequont purifying apparatus, rendering 
them much lesB efficient. 

Exliaasten. The gas pumps, or exhausters, 
are in the most usual practice placed at the outlet 
of the cofldensoni, the gas being drawn through 
the condensers end forced on through the 
subsequent plant. Various kimls of exhausters 
are employe^ the most popular being those of 
the Beale rotary type, shown in Figs. 17 and 18. 
Theee are automatically contremed by the 
vacuum in the hydraulic main so as to maintain 
the latter constat, a service pipe being run 
from the hydraulic main to a governor in the 
eachauster iiouse. The latter governor is then 
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connected with a throttle valve controlling the 
steam supply to the exhauster, so that the speed 
: at which the latter runs is automatically r^ulated 
to give a steady vacuum; or the latter may be 
run at a constant and the governor 


jB 
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connocU'd to a valve on a by*pa.sH main from the 
inlet to tin' outh't of ilie oxhaiister, allowing 
more or le^is gax to Dow back from the exhauster 
outlet to dll' inlet, iiccunliiig oh (he rate at whiidi 
(h(‘ gan IS evolved from the n'tort falls orrises. 



Extraction of tar fog. 'I'o eliminate the 
remaining tar fog from the cooled gas, two 
methods arc einjiloyod. In the first, repre¬ 
sented by the JVlouzi'-Audouin tar extractor, 
the guH IS divided up inl.o line streams, wliich 
iinjiinge, at a couKidiTabie velocity, on a flat* 
surface ; the tarry ]iartic:leH adhere to the latter 
and coalesce to tar which flows away. Fig. 19 



shows the essentiah portion of the apparatus, 
which consists in two plates with a smau space 
between them, the first of which is perforated 
with fine holes about ^ inch in diameter, and the 
second withTslots, the plates being so fixed that 
the gas issuing through tho smfdi hole* impinges 
on the unperforated portion of the slotted 
plate. Two such pairs of plates are used in 
series, and these are arranged to form a 
(Fig. 20), which is sealed in the tar formed, and 
oounterl^iancod by weights so that it is free to 
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but calcium hy<lromil|)hiclc, and, indeed, all the 
soluble hydro«ulplnd(.*H, when free from poly- 
ftulphidoH, cornbiiKi very slowly, if at all, with 
car^n di8u]j)hid(» in absence of oxygon. Voloy 
(Cliem. Soe. Trans. 1885, 47, 478) suggests that 
the a<;tive compound is calcium hydroxyhydro- 
Hulpbidn (!a(()ll)(SH). but the wriU^r regards it 
as much more probable that the ri'al absorbent 
is calcium disiiljdnde (laS.^, formed from tlie 
hydrosuljdiido by oxulation : 

(’a{.sil).,d O -CaS,-f-lL(» 
for althiuigh the ])ur(! Hulfiludcs and bydrosul- 
phidoH of ])()iaHSium, Hudnnn, ammonium, and 
(lalcium scarcely unite with <‘arbon di.snljiludo at 
the ordinary tcmpi'iatuic, the disulphides of tlio 
above metals in all eases eombinc rapidly and 
eompletoly wil.li it, forming prrlliiocarOoualCH, 
Hucli as Na./5S4 ((ilelis. (‘oinpt , rend Hi. 2H2; 
Yeoman, Cluun. Soc. Trans. 11)21, 119, 88). 
Tliis su])positioii explains xsliy some c)x\gen is 
necessary for carbon iliHulpbnlc absorption, as 
it is jxMjuircd (o clb'ct tlu* formation oi poly- 
sulphide from the [uiniary livdrosulplnde, wliilst 
excesK of oxvgcn oxidisi's the latter to thio- 
sul]>hntc, \'c. 

Apart, from tjie objections to tlic process 



dioxide from tlu* ga-s, wlu'iber lliis is otherwise^ i 
advisable or not, and an I'eononneal process 
which does not neecKsitate the simultaneous 
removal of t he carbon dioxide is very doMirable. 
Many unsm-eessfnl atti'injits have been made 
to devisi* .siK'li a jirocess Thus Claus (.f. Soc 
(’hem. Ind 1887, ♦>. 27 : J'hig. Tats. 7585, l8S(i; 
8527. 1887) showeij that a solution ol ammonium 
polysulphido removed carbon bisulphide, and 
this has been conlirmed by others, but it has 
hitherto lieen found that tne alworption is not 
regular, varying from time to time for reasons 
wiiich hav<‘ not yid heon elucidated. The first 
action is probably the formation of a solution 
of ammonium p<‘rthiocarbonate {NH4)_,(’84. but 
this is exceedingly unstable, and readily decom- 
poam,giving off ('8^.. It. is, however, capable of 
undergoing another change, yielding ammonium 
thiocyanate 

(NH4)X’S4-NH4CN8d 211^8-i-8 
and if the condiiioiis under which thi.s change 
takes place ipm-kly and with certainty could 
bo ascertaiiunl, ami economically mamtainod. 
this should form a cheap proctw for tin* purpose. 

The (^)oper liming process (Kng. Tat. 5718, 
1882), in wlucli small quantities of lime arc 
added to the ooal before carbonisation, although 
primarily intended to increase the yield of 
ammonia, also effects a reduction m the 
amount of carbon disulphide; but the lat^e- 
scale experiments with the jirooees made about 
thirty years ago were abandoned, I'hioHy on 
account of the delorioraCon in the quality of 
the coko produced. Paterson & Twycross 
(Eng. Tat. 25772, 1910) have introduced a 
moairied method, whereby a n^ulated amount 
of powdered lime is distributed cx^enly over the 
sunace of the coal on its way to the retort, tlic 
powder being made to adhere by the action of 
a small jot of steam. The process has boon at 
work lor some years at the Cheltenham Oas 
Works, using about 2 per cent, of lime, and haa 
not reeuUea in any material deterioration of 
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the coke, and has given an increased yield c 
ammonia, whilst the amount of sulphur othe 
than sulphuretted hydrogen in the gas ha 
averaged 20 grains per 100 cub. ft., as com 
pared with ntore than double this amoun 
when tile liming is omitted. 

It has also long been known that by reheatin, 
the guH freed from sulphuretted hydrogen t 
.‘{00“-;j5()'' the carbon disulphide is large! 
C{)nvi‘rt.<‘d into .suljihuretted hydrogen, whicl 
may then bo removed by oxide of iron purifica 
lion, but until recently practical diOiculties i: 
large-scale working prevent.ed its adoptior 
(l''or ii lull account of tboso metbods. fiee Oar 
piMiter, tl (bis Jjigiilmg. 1914, 120, 928.) Th 
iii-st. suceeH.sful jilnnt of any magnitude fo 
carryiiur out the melliod was that of Hall am 
l‘a}>st at the Oregon Works, U.S.A., where . 
])lant. was eri'cted dealing witli 4,(K)0,000 cub. ft 
of i»:is per iliem, and cfTccted an average reduc 
tion of the HulpliuT from 58 to 17 grains po 
lOOeiih ft 

As tlH‘ R'sult. of several years’ work th 
■ Soutli ^Ictrojiolitan Oas Vo., have now worker 
out a successful and (‘conomical process for th 
(•omj)lel(‘ nuiioval of tlie carbon (Iisulphide fror 
the gas depending on the passage of the ga 
h<‘a1ed to 450“' over a catalyst (tlarpontcr, J 
(has bigbtmg. 1914, 125, 928; Evan.s, J. Soc 
Oiem Ind. 191.5,9) A number of metals, sucl 
as iron, nickel, cobalt, and copper may b 
emphiyed, but the most effective catalyst con 
sists of porous fire-clay impregnated with nickc 
re<luee(l from the cliloride, and this is the on 
employeil in practice, the carbon disulphid 
under tlie conditions named reacting with th 
liydrogen of t.h<‘ gas, yielding snlphurettei 
hydrog<‘n and carbon ; 

C8ad-2H,=2H,S+(! 

In carrying out the process, tlie gas freed fron 
HulpluiiW.Uid hydrogen passes first through j 
tubular heat mterchangor, where it is heatei 
by the hot gas coming from the catalysing 
tubes, and thence to a heating chamber ii 
which are assembled the vertical 5-inch tuba 
tilled with the fire-clay-nickel catalyst, main 
tained at a temperature of 420®-440®. The gas 
with the carbon disulphide completely oonvertei 
into sulphuretted hyiWgen, passes through th( 
lieat intorchangors, giving up a large portioi 
of its heat, fo incoming cold gas, and thence 
after complete cooling, to oxide of iron purifien 
for the remox’al of the sulphuretted hydrogen. 

Apart from th© conversion of th© carboi 
disulphide into sulphuretted hydrogen ant 
small amounts of hydrocyanic acid present inti 
ammonia, no material change takes place ii 
the composition of the gas, and its illuminatim 
and calorific powers are substantially unchanged 
The carbon deposited from the carbon dkolpEid 
accumulates on the catalyst, and is periodical!] 
removed by careful burning in a regulatec 
stream of air. No trouble from the ‘ potsonmg 
of the catalyst has been experienced. 

The process is now successfully at work ai 
the different works of the South Metropoilitai 
Gas Co., the largest installation being oapaldi 
of dealing with 16,090,000 cub. ft. ot. gas p« 
diem, and reduoing the sulphur to %Dout i 
grains per 100 oub. it. 

Guillet (J. Gas ^hting, 1912, 118, 986; 
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paJMea the heated gae, freed from sulphuretted 
hydrogen, over heated ferric oxide, when the 
mowture in the gas reacts with the carbon 
disulphide forming sulphuretted hydrogen and 
carbon dioxide: 

C’Sa + 2HiO=2H2S+CO, 

the sulphuretted liySrogen formed btnng ab¬ 
sorbed by the feme oxide. 

Apart fn)m the carbon disulphide, the gas 
always contains sulphur in tin; form of other 
organic sulphur compounds amounting to 4--10 
urains per KM) cub. ft., winch have not yet 
been successfully removed. A large proportion 
of this irremovable sulphur m in the form of 
tbiophen, and, m addition, m<‘roa]>tans and alkyl 
solpliidos have l>een dct<‘ct('d. 

Removal and recovery of cyanogen com¬ 
pounds. It has long been known that (rrude 
coal gas contains cyanogen (lcrivati\cs, and that 
their quantity tcmls to incrcasj* with uicrtMusing 
carbonising Uunjicraturcs. The only comiiound 
of this kind that lui.s been detected with cer¬ 
tainty in the gas i.s liydrocyanic aci<l. although 
it IS j»o88ihli‘ that cyanogen itself may be 
present in smaU quantity. The total amount 
varies considerably at dillcriait works, but with 
the tomperatur(« at ]>rcHcnt mostly emjiloyed, 
the ainiiunt of hydrucvaim a< id produced in the 
gas issuing from the retorts averagos about 
120-130 grams per 100 <'ul>. ft., of which about 
one quarter is n-moved in the virgin liquor 
during condensation, jiartly os ammonium 
cyanide, but chudly as ammonium thioi'yanate, 
into wludi the cyanide lormed also passes on 
storage. Smailor amounts are absorbed m a 
similar manner in the wasliers and scrubbers, 
but witli high tKunpcraturcH from OO-IOI) 

grains of hydrocyanic acid per 1(X) cub. ft. 
(equivalent to about t-d'ri lli^. of crystallisod 
sculium forrocyanido Na4Ke(\v*,IOlfj,0 per ton 
of coal) usually remain in the gas entering 
the purifier. 

Whore lime alone is used for purification, the 
hydrocyanic acid is oompleUdy alworbed with 
the other impurities, and conviTted into calcium 
thiocyanate ; and whore ferric oxiilo is used, the 

? ;reat«r quantity is likewise absorbed with 
ormation of insoluble iron fcrrocyantdce and 
double foirocyamdes of iron and ammonium 
(crude Prussian blue) os well as ammonium thio¬ 
cyanate. The more <omplet© the removal of 
ammonia from the gas before the purifiers, the 
greater is the amount converted into ferro- 
cyanide, and the smaller the production of 
tmocyanate. 

Tne greatly increased demand for cyanide 
following on the introduction of the McArthur- 
Forrest cyanide process for extraction of gold 
from the mine ' tailings,’ resulted in many 
attempts being made for the utilisation of the 
cyanogen compounds in the crude gas. At first 
the spent oxide was utilised for this purpe^e, 
being sold to chemical manufacturers for its 
Prussian-blue content, where this reached an 
amount of p.c. A number of processes wore 
aito devised for the special recovery of the 
hydrocyanic acirl by extracting it from the gas 
l^ore the latter reached the purifier. In these 
prooetsea the hydrocyanic acid is recovered 
either as (1) fenxKiyanide or (2) thiocyuiate. 
Fckr Um former, the gas is washed with a solution 


oemtaining alkali and ferrous hydroxide, carbon¬ 
ate, or sulphide in suspension, which absorbs the 
hydrocyanic acid with production of the ferro- 
cyanide of the alkali used, the i^otion with 
ferrous sulphide and sodium carbonate, lor 
example, lioing : 

! FeS h2Na/;C)3 \ (ilH'y 

-Na.FofV, f fr,S + 2H,0+2C0, 

Whoro ammonia is used as the alkali, as in the 
processes of Howland (Kng. ]»at. 22347, 1891), 
Biieb (Kng. Pal. iK)7ri, I80H), and Lessing (Kng. 
Pat. 20W, 1907), (he gas is treated before the 
removal of ammonia in a suitable washer with 
a strong solution of ferrous sulphaU*, which in 
converted tir.sl into ferrous sulphide and 
I ammonium sulphate by the sulnhurotted hydro- 
I gen and ammonia of tlie crude gas, and then 
: yields aniinonium ferrorvanulo. Tlie latter 
; solution is unstalile. and to a large extent 
: combines with the excess of iron present, 

: yielding insoluble double ferroeyanides of iron 
and ammonium, the proportion of insoluble 
I ferrocyanidcs produced increasing witli increas¬ 
ing strength of the ferrous sulphate solution used. 
The sludge ohiamed, contaming cJiiefly crude 
, Prussian blue, with the excess of unused ferrous 
sulplude. IS sold to I'lieiuical manufacturers 
for conversion' into saleable ferrocyanide or 
! cyanide. 

, Whi're a fixed alkali is used (soda and lime 
; bomg the only ones available, on account of 
I price), the gas is treated after the removal of 
J ammonia in u washer fed with a mixture of 
I sodium caibonate and ferrous carbonate (Knub* 

; lauch. Eng. J'at. 15194. 1887), or a solution of 
ferrous sulphate with excess of lime, when the 
; bulk of the hydrocyanic acid is absorbed and con¬ 
verted cliiefly into the soluble sodium or calcium 
ferrocyanide. only small amounts being con- 
vorttni into insoluble forroeyanides. The sodium 
ferrocyanitle solution, after filtration from the 
excess of ferrous sulpiinle, &e., is directly 
evaporated and crystallised ; the calcium ferro- 
cyanulc solution, on the other liand, is unstable 
when heated, and is preferably first converted 
into the sodium salt, by addition of the requisite 
quantity of sodium carbonate, or, if the potas¬ 
sium salt m required, the calcium ferrocyanide 
solution mav be t reated with potassium chloride 
solution, wlien the sparingly soluble calcium 
potassium ferrocyanide CaKjFedy^ is preotpi- 
tatod, and after filtration may oe convert^ 
into a pure solution of potassium ferrocyanida 
by addition of the requisite amount of potassium 
carbonate. In the Davis-Neill process (Eng. 
Pat. 20569, 1901), the treatment with sodium 
and ferrous carbonate is carried out before the 
removal of ammonia from the gas, and the 
liquor from the washer first distill^ to recover 
ammonia. 

In all these processes, a certain amotmt of 
hydrocyanic acia 11 converted into thiocyanate, 
the proportion formed being greater when 
ammonia is present, and earhmyl ferrocyanides 
are also usually produced to some extent. 
Carbonylferrocyanic acid H,Fe(CO)Cy5 may be 
r^arded as ferroc^anic acid in which I moleotde 
of HOy is replaceci by the radical CO, the forma¬ 
tion of these salts ^ng doubtless due to tiie 

f resence of carbon monoxide in the gas treaW. 
hey have little or no commerciU value, and 
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aocumiilatc in tho moflier liquors, being vory 
Boluble in water. 

For the ro(!overy (»f the liydrocyanic acid 08 
Ihiocyanot^*, ocforuiiig to tho British (’yanide 
Co.’s process (Bug. I'at. J30.'53, Mie gas, 

whilst still containing aininonia, is jiiissed 
througli a washer < onlaining waU^r or ariiriKinitt- 
cal liquor, to which free, sulphur is pcnodicully 
added. 'PIk* aininonui and sulphuretted hydro¬ 
gen diH8olv<> in th<5 water, forming ammonium 
Nulphidi^, whicli <liHsolve the nuljihur, yielding 
aniinoniuni poiysulpliidc solution, and tlu! latti-r 
alworbs the hydrocyanic arid, forming ammo- ' 
nium thiocyanate So long as fns* sidjiliur is , 
present, the formation «»f {lolysulphide and of ; 
thiocyanate (continues, and a solution can be 1 
obtained containing from 3 to 5 lbs of am- ! 
rooniuin thiocyanate ])er gallon, lixccjd for | 
volatile ammonium salte. Hu<-h as su1[>hid(‘. 
which aie expelled on healing, the solution is ; 
comparatively pure, and is sold for convi'ision | 
into eyuni<l<‘. According to the modification , 
of 1*. K, Williams filing. Pat.. ^3()24. 11M)9). 
the gas, freed fi-om tar-fog hut eoiitammg 
aniinorua, is passisl through a jiurtlier charged 
with spent oxide nch in snljdmr, tlic latter 
Hiqiplying the neci'ssary sulphur for the extrac¬ 
tion. Watcfr IS ]jerlodically sprayed on to the 
upper surface of llu* spent OM<h‘ and drains to 
tho bottom of the punluu-s, and is conviuted 
during the passage mlo a eoncentraled solution 
of ainmonnim tliiocyaiiale ]>y the same smies 
of reactions. 

Other purlilcation processes. As already 
mentioned, a )iorhon of tin* suljdiuretted hydro¬ 
gen and curlsm ilioxide is reniovisl along wilh 
the ammonia, the sohilmn of tlie laltei m w’ater 
absorbing these acid gasi^s with formation of 
aininomum sulpindes and luihonates, but tlic 
amount of ammonia ]iresent is mucli b(4ow t hat 
rwpiired for their eoinplide rcmo\iil. .Many ' 
attempts have been made U* modify tliomTuh- ; 
biiig nrocess in siudi a manner as to elTis t. the 
eomjiiete removal of tlu'se two impurities. 
Hills (Kng. Pats. VMW), IHtiS; <134. IS74: 181)5, 
1875) showed that when the atnmoniiu al liquor 
ik heated t»i about IM)'*, it givt's off large quantities 
of carbon dioxide and siilphuretUHl hydrogen, 
but only small amounts of ammonia, t lie resubial 
liquor then eontammg large amounts of free 
ammonia, whieli mav be usisi for washing a 
further amount of lli(‘ a<‘id gasi's from (‘rnde 
gas. A modification of Hilts' method hits Ihs'u 
described by Holgate (J. (Jas Lighting, 181)5, (ir>, 
1133). (3aus (Eng. Bats. 2838 and 2H<>5. 
1881; 4W4, 1882; 51)51). 1883) combined Hills’ 

{ >roce«8 with tho continuous distillation of a 
arge amount of liquor, tlio ammonia being 
rotumod to the gas. so that the amount of 
ammonia in the gas in the scrubliers was four 
or five times that normally present, and was 
enabled, on a modorat<t scale, to eftect in 
this manner a complete reiftoval of tfio sul¬ 
phuretted hydrogen and carbon dioxide from 
the gas, doing away w'ith the neceeaity for any 
fortner drj' purification. By washing also with 
a solution of ammonium polysulphide, tho 
amount of hydrocyanic aeid and carbon disul¬ 
phide was laigely reduced. Tlie mixed sulphur¬ 
etted hydrogen and carbon dioxide evolved from 
tho heated liquor were, after recovery of the 
ammonia present by washing with water or 


acid, mixed with just suffiolont air to convert 
tho sulphuretted hydrogen into sulphur and 
water, and passed through heated ferric oxide 
in the ‘Olaus kiln,’ tho sulphur produced being 
condcn.sed in suitable ehariilK*rs. 

flroat hopes were enlcrfainod as to the 
succc'ss of tlie process, but, unfortunately, tho 
practical difficiiltie.s of workiim wliich manifested 
thomsi'lvcs when tho jirociws was tried on a 
larger si ak* havi* never been overcome, and at 
Belfast, wbcr<‘ the iirocess was tried for many 
years, i( was not found ])Ossibie regularly to 
i‘lh‘ct complete removal of tlie sulphurcitted 
hydrogen, and the loss of ammonia was very 
coiiMKhTable (.1. (has Liglit.in<:. 181)7, b1), 1475). 

Proci'sse.s an; at pr<*s<“nt also on t rial with tho 
object of rncovenng the ammonia from the gas 
ilirect as sulphate hy ulilising the sulphuretted 
hydrogmi of th<‘ crude ga.s as the source of the 
sulphuric acid. V'linoiis inelliods to attain this 
emi have bemi pat.(‘nl(Ml by Biirkheiser (Eng. 
[‘ats. 2()1»20, 21703, 11)08 ; 17351). IDIO ; 10172, 
11)12). and bv Eeld (Eng. Pats. ,3001, 11)01); 
5838, 11)11 ; 157, 10147, 11)12; Zcitseli. angcw. 
dhem. 11)12. 705), but tliese procasses are still 
in tlie experimental stage. 

Yield of gas and by products. Tlie volume of 
gas obtained varies naturally to a considerable 
extent, according to (lie ijuality of the coal 
carbonised, to the conditions of carlionisation, 
aiul also to the extent to which the furnace 
gases, consisting cliii'fly of nitrogen, are drawn 
mt-o the gas through the porous rctorUs. At the 
present day the volume of gas produced from 
a ton of coal, without, steaming the retorts, 
measured moist at and 30 inclics bar., 

u.sually falls within the limits of 9000 and 
l3,0tH) cub. ft, and. except in small works, or 
whore gas of Ingh illuminating iiowor is pro¬ 
duced, the yield does not often fall below about 
ll,0(K)cub. ft.. From the same classo.s of coal, 
the higher tiie yield of gas the lower is the 
illuminating pfiwer and calorific power, but, in 
general, the total yudd of light, reprosentod by 
th(^ multiple of make per ton >' illuminating 
power, becomes higher os the make of gas 
increases, and this is the ease to a still greater 
extent with tlie yield of lioat units per ton of 
coal, as tho calonlic powiu-falls off with ineroas- 
mg giw production to a much smaller extent 
than IS tne ease with tlu' illuminating power; 
an<i, in view of the fact that the heating value 
of the gas is now by far the most iin|)ortant 
factor, there is a constant endeavour te obtain 
as high a yield as possible. 

The constituents present in purified coal gas 
obtained by the simple carbonisation of coal 
in more than minute quantity are carbon dioxide, 
ethylene, benzene, oxygen, carbon monoxide, 
methane, hydrogen, and nitrogen. Their rela¬ 
tive proportions naturally vary considerably, but 
for tho most part fall within the following 
limits :— 


Carbon dioxide 
Ethylene 
Bonzene 
Oxygen . 

Carlin monoxide 
Methane 
Hydrogen 
Nitrogen 


00-3 0 p.c. 
20-4‘0 „ 

0-5-1 *0 „ 

00-1-5 „ 

4-0-16-0 „ 
22-0-26-0 „ 
38-(Mi6-0 „ 
2 -0-20-0 „ 
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The ethylene and benzene arc usually eetimated 
t(^ether and recorded as ‘ unsaturated hydro* 
carbons,’ no very satisfactory quick iiiothod for 
their separate determination being available. 
In addition to methane, the richer coal gases 
contain small amounts of ethane, which in, 
however, also difficult of cslimatum in ordinary 
analyses. The nitrogen is usually taken as the 
differenee l>etween the sum of the otlier eon- 
atituents and KKl. The sp.gr of eoal gjis falls 
mostly within the iiinits 0 4 and 0 55 (air - I). 

The yield of coal tar with horizontal and 
inclined retorts varies commonly from to 111 
gallons per ton of <' 0 al, averaging about 10 
gallons, or soiru^ 5 o ji.c. of the weight <»f the 
original coal. Il-s sp gr. varies from about J*l0 
to r2»>, this d(‘{)en(img largely on tin* tempera¬ 
ture of carhonisatioii. The higher the temjiera- 
t-ure to which the volatile ]>ro<luctM aie c.xposed, 
the higher is the average carbon percentage, 
and tli(^ lower tlie livdrogcn percentago of the 
tar, an<l the gn^ater tlic ainountr of the ho-caIle<l 
‘ fre<* curlxm ’ fornu'd ; the latter, although in 
appearance roscinbling amorphous cat bon, always 
contains hydn>g«‘n, und consists of dcrivativi's 
of \frv complex hyilnxai bons. whicli arc 
infusible and insoluble in the remaining tar. 
The 3 Uold of tar fioin vertical n-toils is inghor 
and is increased by steaming, tin- tar being much 
thinner, and haxing a sji.gr. of I’UT-l lo. and 
only contains 40-55 p.c of pit<h msleail of the 
00-70 j).c. m tar from h«*rizontal retorts, ami 
also onl^' Kinall amounts of ’ free carbon ' 

The ammonuical liquor contams a quantity 
of ammonia (“alculated as sulpliate, equivalent 
generally t.») a yield of from 22 t<» IIO ll»s. of the 
latter per ton of coal, hut is usually higher 
(up to 45 lbs.) in <-ontinm)UK veitical ivtorts, and 
is consnlerably increased l>y steaming. The 
composition of ammoriuu’al lupior and its 
working up into ammonium salts, are dosenbed 
in the aiticle Ammoma. 

The 3 'ield of coke averages about 14 ewis. per 
ton of coal, but a oonsidorable amount of this is ; 
used for heating the retort setting and otlu^r 
purposes on the works, so that the amount ' 
available for sale is much less than this, and a 
sale of 10 cwts. pcT ton is md often exceeded 
Manufacture of carburetted water gas. Ln 
order to obtain a gas of high illuminating power 
to mix with the gas from ordinary coal, and 
increase the illuminating power of the latter, 
cannol coal was formerly used, richVanotioe of 
which give a gas of as high an illuminating 
power as 35 or even 40 candles. Owing to the 
increasing scarcity and cost of cannel, about 
1890 recourse was had to oil, as a souri^i of 
rich gas, this being either carbonised in retorts 
making oil gas of 00 candle power or higher, or 
used in the preparation of carburetted water 
as, t.e. a mixture of water gas and oilgas, which 
uring the previous 20 years had been largely 
manufacture m the United States, and haif, to 
a large extent, displa<'cd coal gas. and which can 
readily be made of 20-25 candle power. The 
carburetted water gas was adopted m a large 
number of cases, as this plant has the advantage 
that the volume of gas produced is much greater 
than with an oil-gas plant, and the apparatus, 
starting cold, canoe put to wxirk in a very short 
Ume, and forms a vaJnable moans of quickly 
inoreasing the supply in times of sudden great 


consumption, such as ore brought about by fogs 
or very cold weather. Owing to the now almost 
general reduction of illuminating power to a 
I quality the ordinary gas coal is capable of 
; yielding, the use of oil gas has been almost 
entirely given up, but carburetted water gas 
of a calorific power similar te that of the 
coal gas iH made in many undertakings to a laige 
extent, niul mixed with the «*oal gas before 
storage, about 10 p.c. of the total gas made in 
tbe Ihnted Ivingdom in 1013 consisting of this 
gas. As meiitioiK'd al)o\c, wat4^r gas alone is 
now also fn^quently admixed with the coal gas 
; in many cases 

! 'Phe manufacture of water gas itself (com¬ 
monly known Its ‘ bliH' ‘ watiT gas, owing to its 
I burning with a blue non-luminoiiM flame) is 
dealt' with in a separate article, (sec (lAS, Watbr), 
and wnll only be considoreil here so far os it 
, <‘oncorn.s tin' manufacture ()f tlio carlmretted 
i giis Tig 25 shows thi' general arrangement of 
' t)ic Humphreys and Glasgow plant largely 
|cinplo\ed in the maiuifactui-c. The generator 
! A IS tilled with coke, the latt<*r Iwing ignited at 
I the bott(jm ami raised to incandoHcenco by 
i bhiwmg in air from a fan. Hie amount of air 
! being regulated so tlint th<' gases eoming away 
j fnmi tlie generat*or contain suflicient carbon 
i mono.xKle to burn reailily- These pass to the 
top of the ‘ caiburetlor ’ r, which is lillod with 
fire-bruk checker woik, a sei'ondary stream of 
air lieing ailded to t he gas at tlic top, when the 
caibon monoxide burns and raisi'S the Are* 
brick <-heckcr work to a rc<i boat. The gases 
pass away from the bottom and enter the bottom 
of tlic ‘ su[)erhcater ’ o, whijro they meet with 
more air, and the nmiaining carbon monoxide 
burns to the dioxide, ami raises the checker 
work in the superheater also to a red heat. Tho 
waste gases i«capo into the air from the 
‘stack-valve’ on the top of tbe superhoator, 
which is open during this operation. When the 
<’oke in tho generator is suflicicntly hot, and the 
checker work in the carburettor and super¬ 
heater raised to tho required temperature, all 
three air valves and the stack valve are closed,, 
and steam turned on to the generator, water 
gas being produced, which passes to the top of 
the carburettor. At this point oil is sprayed 
into the gas, and passes witn tho latter o^t the 
hot checker work, and is first volatilised, the 
vapours then undergoing decomposition, which 
is completed in parsing through tno superheater, 
the oil being thus convertefl into permanent zaa 
and condensible tar vapours. The stack valve 
being now closed, the mixed gas yiasses through a 
seal pot, H (which prevents gas returning up the 
stand pipe when the stack valve is open), tnenoe 
through scrubbers filled with boards and tubular 
water-cooled condensers to reduce tho gas to 
atmospheric temperature and condense the tar 
vapours ^nd excoss^f steam from the gas. As 
the formation of water gas takes place with 
alieorption of heat, the temperattrfe of the coke 
in the generator steadily falls, and eventusdiy 
reaches a point at which the amount of oarbon 
dioxide produced liecomos excessive, and tho 
, steam is then shut off, tho oil having been also 
shut off from the carburettor a short time 
previously; the generator mt valve is then 
; again opened, and also the secondary air*valves 
and stack valve, and the coko and checker 
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work rawed to a Huitablo temperature ae 
before, ibih period of working being known 
an the ‘ blow.' When this in effected, the 
air and Ktack vuIvon an’ auam closed, steam 
and oil turned on, and carhuretted water gas i 
made fur a further period, known as the 
‘run,' until the temjierature in the generator 
again fulls too low, when sU’ain and oil are again 
sliut off and the; blow reeonimonced. 'J’lus 
hoquorice of operatiouH is tiion luamtaincd < on- 
luiuously, exeent during the intervals necessary 
for adding fresli cok(' U> the generator, and for 
ixunoving tlie ehnker produced from the ash of 
the coke. Tlic peiKuls udojitcfl for tlie length 
of the blow uml run vary somewhat according 
to the nature of tlie coke and the available air 


pressure, a blow and run of 3 and f> minutes and 
of 4 and 7 minutes being frequently adopted. 
The steam supply must bo regulated so os not to 
allow a large excess of undecomposod steam to 
pass the fueff bed, as in that case a high percentage 
j of carlxm dioxide is formed. The checker work 
; temperature’s required vary with the class of oil 
- used, the best results being obtained at somo' 
wlial different temperatures with different oils, 
as well 08 with the quantity of oil used per 
1000 cub. ft. of gas made : an average tempera¬ 
ture of working i.s about 750 '. 

Tlie oil cmjdoyed is mostly that fraction of 
petroleum lying between tlie burning oils and 
tlie lubricating oils, frequently termed ‘solar’ 
oil, winch can be obtained at the lowest price. 



STACK valve 



This is licated before introduction into the 
carburettor by passing through a coil in the 
gas main over which hot gas is jiossing. The 
amount of oil used depends iqion the quality of 
gas which is deeii'od, and is regulated accor^ug 
to the roquiromente in this respect. 

As the gas produetion is iutermittent. a 
balancing rmervuir is required for the gas if tins 
is to bo iiassed through the purifiers at a uniform 
rate. For this purjiose a’reliof gas holder is 
placed at tho«ondon8cr outlet into which the gas 
passes intermittently as made, and is drawn from 
it ooutinuuusly by an exhauster and fenced 
forward to the purifiers. The gas is purified 
from tar fog and sulphuretted hydrogen, and 
from oarbon dioxide, if necessary, by the same 
methods as adopted with coal gas. Usually 
sep^te purifiers are employod for this gas, the 
purified streams of coal gas and carburetted 


water gas mixing together at the outlet of their 
respective meters before reacliing the holders, 
but in some cases the crude carburetted water 
gas is mixed with the coal gas before the 
purifiers, and the mixed stream purified in the 
same boxes. 

The bnlv by-product obtained in the numu- 
facturo, other than spent oxide or spent lime 
from the purifiers, is the oil tar, no ammonia 
being produced in the process. The oil tar is a 
comparatively thin oil of sp.gr. 1 •0-1*06, con¬ 
sisting maimy of aromatic hydrocarbons. It 
only contains about 30-35 p.c. of pitch, and 
scarcely any 'fi«e carbon,* the solid matter 
I found in it consisting chiefly of fine coke ash 
j carried over from the generator with tlm stream 
t>f water gas. It is mostiy sold to distillers, but 
is sometimes used as fueC and abo for washias 
the crude coal gas to remove naphthalene, m 
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which it normally contains only small amounts. 

# Sometimes the tar separates as an emulsion 
with water, from which the latter only separates 
with groat difficulty. 

The amount of coke employed in llit* manu¬ 
facture, including that used for raising steam, 
amounts to from 40 to 50 lbs. per UKH) cub. ft. 
made, whilst the consumption of oil varie-s oim- 
siderably, according to the (juality of gas n;- 
quirod. With good working each gallmi of oil 
of good quality used jier l(MX» onb. ft. will 
give an illuminating power of 7-a camllcs if i 
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the carbon dioxide is removed. The quantity 
of oil tar produced amounte to 12-ld p.o. of 
the oil used. 

(Wburetted water gas contains the same 
constituents as coal gos, but their relative 
amounts differ considerably, the porcontc^os of 
carbon monoxide and ethylene being mgher, 
and those of hydritgen and methane lower; it 
only oonlaiiiH .small amounts of sulphur com* 
pounds other than Hulphuretted hydrogen. 

The foilowiiig analysoK of coal gas, carbur* 
i etted water gas, and of a mixed gas coutainiiq; 
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about 20 p.c. of the latter, arc fairly typical 
for gsisee oi relatively high calorific power, and 
show the general chaim^iter of the difference : — 


Carbon dioxide . 
Bthylene and benz 
Oxygen 

Carbon monoxide 
Methane 
Hydrogen . 
Nitrogen 


amounte of ethane as well as methane. 


Carb. water 

Mixed 

Ck)al gas 

gas 

3-8 

gas 

. 1-2 

lb 

ne 3’2 

114 

41 

. 0-4 

0 2* 

0-5 

. 9T 

3i0 

12-2 

. 30*2 

15 0 

281 

. 48-5 

320 

4(>-2 

. 7*4 

5-7 

7*3 

gas usually contains 

Nmall 


The 8p.gr. of carburotted water gas is much 
higher than that of coal gas of the same illuminat 
ing power, owing especially to its smaller per- 
centre of hydiwgen. It varies coiwiflerably, 
aooordlng to file percentage of oil gas in it, but 
usually falls within the Umite of 0 5 and 0 75 
(air«l). 

MMtarement, storage, and distribution of the 

gas. The gas, leaving the purifiers, passes to the 
fdatlon metem in which ito volume is measured, 
and thence to the gas holden, where it is stored 
*»y for distribattoo as required. The metom 


employed arc usually wet metei-H, 8imilar to 
those UHcd a.M coiiHiimcrH’ meters, but of very 
much larger Hizo. Tlic temperature of the gas 
passing and the height of the barometer is noted, 
and the volume recorded by the meter oorrOcted 
to standard temperature and pressure, which is, 
however, not tlio 0"^ and 700 mm. barometer 
employe<l for scientific purjioses, but that of the 
gas at and 30 inches bar. saturated with 
moisture, this being ajiproximately the average 
conilitioii of the ga.8 when sold to consumers, 
whose payment is made by volume. 

The gas liolders {Fig. 26), consistiim of a 
largo l)oll with suitable guide framing noating 
in a tank of water, are often of very large 
size, the largest being capable of holding about 
15,000,000 cub. ft. •In order to reduce the 
noi^cssary depth of the tank, the boll is usually 
constructed m a number of lifts which slide mto 
eaeli oilier in a somewliat similar manner to 
the cylinders of a telescope. The weight of the 
holder keepe the gas within it under a preesure 
equivalent geiiermly to the weight of a water 
vcmumn of 4-10 inches, according to the we%ht 
and diameter of the holder. 

I In order to control the pressure of the gas la 













344 


GAS, 

the in ibe diHtrict of Bujnily, a governor 

is fixed between the holder and the trunk mains, 
whereby llic })r(»»ure in the distribution mains 
is reduced in that most suitable, after which it 
is automatically maintained nt that pressure. 
Fig. 21 gives a section of a governor in frequent 
uso. The gas, entering in the direction shown 
by tlio arrows, tmist, in order to reach the outlet, 
jiasH through a <l(‘vioe consisting of a hollow 
vortical cvlnulor closed at the top and having a 
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number of slots cut in the vertical side, the wadt h 
of which increaHos towards the loji of the 
cylinder. The top of this cylinder is conneeU'd 
by a rotl witli tlie boll above, and is capable of 
moving fi’eely up and down with this boll which 
is sealed in water. Whon^water is aJUiwed to 
run into the annular ohamlx^r in the bell, the 
latter increases in weight, and with the attached 
cylindrical device sinks, increasing the size of 
the openings through which the gas can pass, 
and by adjustment of the amount of water the 
desinal pressure at the outlet can be obtained. 
If, then, owing to increascKl consumption, the 
pressure of the gas in the outlet main falls, 
this lessened pressure is transmitted to the bell, 
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which, under the atmos])herlo pressure, falbs, 
increasing the size of tlie gas openings, allowing 
more gas to pass and restoring the pressure in 
the outlet mam. If the consumption decreases 
and pressures increases, the bell rises and reduces 
the size of tlic gas openings, artd in this manner 
the pressure oiuic set remains constant. When 
it is desired to alter the pressure in the outlet 
mam to allow for t)u‘ periods of higher or lower 
<!oriHumpli(m on lh<‘ ilistnci. water is either 
] added to or run olT from the annular chamber in 
[ the boll. 

FornuTly tlu^ holders gave more pressure 
Ilian was required on iJie district, but at the 
I pr(!s(“nt time, owing to tlie git^Stcr consumption 
' and till* higher pn'ssures whidi arc required for 
the cllicient working of iucand(!scent burners, 
gas lirc.s, and gas engines, it freijucntly happens, 
especially m large works, that tlie pressure 
givi'ii by the smaller holdei-H and the upper 
lifts of tli<‘ largiM ones is insnfiicient. Jn such 
cases llic gas is drawn from llic hohhir by means 
of fans, and forced forward at. higher pressure 
t o ( be works govm-nor, or carin'd into the district 
by separate liigli pn'ssmi' mains, the gas from 
wlii(;li IS jiassi'd into the ordinary dlstnljution 
mams at. suitable jioinlxs for maintaining good 
and uniform ])rcssuic throughout the area of 
supply. 

Determination of calorific power. Several 
calorimeters are in use for this purpose, all of 
wluch arc in principle identical with the form 
proposetl by Hart!(‘y (J. (Jas Ijigiiting, 1884, 
1142), the gas being burned at a constant rate 
in a. eliamber through winch water also flows at 
a constant rate. The instrument in most fre¬ 
quent use in all parts of the world is tlie Junkers’ 
calorimeter, a section of which is given in Fig. 28. 
The gas, after jiassing througli a governor and 
met er, is burned in a large Bunsen burner, E, in 
the central portion of an annular copper chamber, 
tlie annular sjiaee of which is traversed by a 
large number of copper tubes down which the 
producte of combustion jpass and escape into 
tJic atmosphere by the side o]>ening i'', which is 
provided with a damper regulating the amount 
of air passing through the apparatus. The 
water* of a tcniiiemtim* closely approximating 
,to that of the normal is run int.o the upper 
small nwrvoir a, provided with an outlet 
proper to the calorimeter, and a constant level 
overflow B, the rate at which the water enters 
being maintained above tliat jiassing through 
the calonmcler, the excess passing away by 
the overflow, thus maintaining a constant head 
of water. The water flows down, past the 
regulating cock and inlet thermometer, to the 
bottom of the annular i-hamber, and flows 
upwards to the top around the tubes conveying 
the products of combustion in the lovorse 
dmM'tion, and cools the latter to the temjMjrature 
of the incoming water. The water leaves the 
annular chamber at the top and poas^ through 
a series of baffle plates to ensure thorough 
mixing, over the outlet thermometer to the over¬ 
flow funnel c. The water condensed from the 
gas collects at the bottom of the annular chamber 
and flows out through a small tube into a collect¬ 
ing cylinder. 

i. The gas and water supplies are adjusted so 
; that the difference in the readings of the inlet 
i and outlet water thermometers is 10®-16®, and 
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when equilibrium ie attained and the oondensed 
water ie also dripping regularly from the small 
tube, n, at the bottom of the calorimeter, the 
water from tho caloriinoter is diverted inlio a 
collecting vessel as the meter hand passes a 
point which is noted, and a small measuring 



cylinder placed to collect tlie condensed water. 
Frequent readings of tho inlet and outlet 
thormometors arc made, until a suflicicnt 
amount of water has boon collootod (from 2 to 5 
litres are mostly taken); to conclude the test, 
tho gas may bo shut off when tho collecting 
vessel is filled to a delimte point, or tho water 
may bo diverted from the measuring vcjssel as 
the motor hand passes a noted point. The 
volume of gas is taken from tho motor readings 
and corrected to that of tho moist gas at 60®i\ 
and 30 inches bar., the weight of water passed 
determined by moasuremont or by weighing, 
and the average increase in temperature of the 
water found from tho readings taken during tho 
tost. The calorific power of 1 cub. ft. of tho gas, 
expressed in large calories, is equal to : 

weight of water in kilos, x temperature C.° 
volume of gas consumed 
In this country tho value is usually expr^ed 
in British thermal units, i.e. the amount of heat 
required to raise 1 lb. of water 1®F., each calorie 
benm equal to 3'9fi8 B.Th.U., and to obtain the 
result in th^e units the number of calories 
found must be multiplied by that factor. 

The calorific value thus obtained includes 
tho latent heat evolved by the condensation of 
the steam produced by tne combustion of tho 


hydrogen contained in the gas, and is termed 
the gross calorific power. In almost all the 
practical applications of gas, the products of 
combustion pass away at temperature above 
which the condensation of tho steam ocoure, so 
that tills latent heat cannot bo utilised either 
for the production of high temperature in the 
flame of the burning gas, or for development of 
power in tho cylmuer of a gas engine. A de* 
duction of this amount of latent heat is there¬ 
fore made from tho gross calorific power, the 
dilleronco, excluding this heat, being termed the 
nd calorific power. Tho amount of such latent 
heat ia ascertained by collecting tho condensed 
water which flows from tho calorimetor during 
tho tiyjt. a larger volume of gas than that 
required for the determination of the gross 
value being burned for this determination 
(about 1 cub. ft.). Eaidi c.c. of water evolves, 
in condensation, 0‘fi3(> cal., and tho amount to bo 
deducted is found by multiplying 0’53(> by tho 
number of c.c. of condcnHocl wator per cub. foot 
of gas burned. 'I’hc usual practice is, however, to 
deduct OMi cal. for oiicb c.c. of condonsod water, 
tliis representing md. only the latent heat, but 
also the sensible heat lost by the condensed 
steam in cooling from KK)'’ to atmospheric 
temperature, and tho ‘ net ’ ligures then ob¬ 
tained are rather lower than tho true net value, 
which has to be. employed in thormodynamic 
calculations. 
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gas to be tested through a governor and meter; 
the calorimeter vessel proper d, after lighting 
the gas, is then placed in ])OMjtion over the fiame, 
and rests on tliroe centering and lifting plates o, 
leaving a space through which the air roq^uired 
for combustion enters. The products pass up 
the oomier chimney and tlienco into the annular 
space between tlie chimney and the outer side 
of tiio caloriineWr vessel. 'I’lns annular space is 
divided into two portions by a brattice of thin 
shet't brass filled witli non-conducting niaUinal 
such as cork-dust, winch l auses the combustion 
products to jiass first down the inner portion of 
the annular space, an<l then up on the outer 
side to Iho lop, wliciv. tliey (wcapo into th(5 
atmosphere Ihrougli holes bored in the wooden 
top. A tubt» of copper, to tin* outside of which 
is sweated a helix of cojiper wire, giving it a 
large conducting surface, is led m a sjiiral, 
first from top to bottom of tlie outer annular 
chamber, then around the bottom below the 
brattice, ami finally np the iimer annular 
chain her. The watVr is led over the inlet 
theruiomeU^r through liiih tube, passing first 
through tlie outer annular cliambor, then along 
the bottom, into wliicii water is pla>’ed bofon> 
commencing a tost, ami uj» th(f inniu- annular 
eliainber, and in its travel absorbs the heat of 
the products of combustuin. Before reaching 
the outlet thermometer, the water passes through 
the central tompcrature-equalising chamber. 

The general method of working is similar to 
that of the Junkers calorimeter, full details of 
construction and working being given in the 
ollicial noti(i<‘ation of the (las lleferiH's (Wvman 
and Sons, Lbl.). 

With both th(i.sc lot ms of calorimeter, an 
apjirociable error is mtroducod ml(» the detcrnii- 
nation of the gross value, if tlie air sujqdy to tile 
calorimeter is not al^ least 110 p.c saturaUid with 
inoistui'e, iuiusmucli ivs tlie waste, gasoi*, which 
always leave the c.vlorimeter in a saturated 
condition, then carry away witli them a portion 
of the steam formed by the combustion of the 
gas without its undergoing coiulensation, and 
the latent heat of this portion of the steam is 
(berefore not inclmled. A correction should 
thoi’ofore bo made on tins account (Met. (las 
Ueforoes Notification). 

The Simmanee-Almdy ‘ total-lieat' calori- 
mot^, made by A. Wright and Co., Ltd., is a 
modification of the original Hartley calorimeter 
made by the same firm, and in general method 
of worlking closely resembles the Junkers’ 
calorimeter. It differs from it especially in that 
the water overflow from the upper constant level 
chamber of the apparatus acts os an injector, 
and forces through the calorimeter the neeewaary 
volume of air for the combustion of tho gas. 
In this manner it is automatically ensured that 
water, air, and waste gases are all at very nearly 
the same temperature, and also that the air 
pMsing through the calorinieter is saturated 
with moisture, thus obviating any neeoasity for 
oorrootion in the latter rcsjjoct. 

Recording calorimeters, such as those of 
Beazley and Siinmanoc-Al^dy, giving a con- 
tinouB record of tho calorific power of gas, are 
also lai^ely in use. (For details of the necessary 
precautions to obtain accurate results in gas 
calorimetry. «ee J. Gas Lighting, 1908,104, 904 ; 
Coste, J. Boc. Chem, ind. 1909,28, 1231.) 
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I lUdminatlng power. The statutory methods 
; of determination of the illuminating power of 
I coal gas, when burned in open flames, have 
i been described fully in former editions, but in 
I view of the abandonment of this test for 
1 statutory jiurposes, and its replacement by a 
; calorific power l.o8t, and tho small importance 
, now attaclimg to such tcKts in practice, the 
description is omitted here; for information 
on the matter refereii' e may be made to former 
('ditions or to the Olhcial Notification of tho 
MetroiKiUtan Gas Referees for tho years 1910- 
1918. 

i’hotometric observations are, however, still 
required in connection with coal gas where it is 
used for illumination, such as in tho determina¬ 
tion of the illuminating power of inoandesoent 
burners, the amount of light emitted by the 
dittcrcnt burners at varying angles, and the 
actual illumination of Jinhior and outdoor 
surfaces. Space will not allow of tho con¬ 
sideration hero of the ncceasanly somewhat 
complicated apparatus required for those 
applications. 

WJiilst the most iinportant property of gas 
is its calorific power, wfuch is, m fact, its total 
potential energy, expressed in heat units, it 
must bo remembered that this is not the only 
factor to bo considered. 'J’he cfHoioncy of the 
a]>paratus m which the gas is used depends, in a 
largo number of cases, not only on tho total 
amount of heat liberated, but also on the 
temperature and other propt'rtios of the flame 
produced, 'rho presence oi large quantities of 
inert incombustible gases, such as nitrogon and 
carbon dioxide, lowers the flame temperature 
at a greater rate than it does the calorific power, 
and althougli tlieir presence in coal gas cannot 
be altogether avoided, it is desirable tliat their 
amount should l>e kept as low os possible 
consistently witli economical working in other 
rivipects. Furtlicr, tho average flame tempera¬ 
ture ill burners of the Bunsen type, by which 
most of the gas made is now consumed, varies 
greatly according to the volume of primary air 
di'awn into the gas before combustion by tho 
injectnijj^ action of tho gas jet issuing from the 
burner nozzle, as the most suitable proportion 
depends upon the composition of tho gM, and 
tho actual amount of air drawn in varies accord¬ 
ing to both the pressure and the sp.gr. of tho 
gas; if, therefore, an apparatus is set to ^ive 
tho groatofit /jfbcioncy under certain conditions 
of pressure, composition, and sp.gr. of tho gas, 
this cfhciency will not be maintained if the gas 
supply undergoes considerable variations in any 
or all of these points.. Further, the efficiency 
of many kinds of gas apparatus—for example, the 
incandescent mantle, and the columnar radiants 
of gas fires—dejicnds, to a very large extent, on 
the exact fitting of these into the hottest part 
of the flame, and variations of the above con¬ 
ditions tend to alter the shape of tho flame and 
often thereby very materially reduce the 
effioioncy of llie apparatus. 

Whilst there is very considerable diflermce 
of opinion botli witiiin and without the gas 
industry with regard to the most suitable 
calorific power for a public supply under present 
conditions, havinc r^ard to tne greatly varying 
purposes for whiw it is now em^oyeo, there w 
general agreement that» whatever the actual 
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calorific power fixed on may be, both this and the | 
volume of air required for combustion of unit' 
volume of gas, it» pressure and its sp.gr. should ; 
be then mainteinea as regular as possible, and : 
that, from the consumer’s point of view, bettor I 
results ensue from a supply of fairly uniform, 
although lower average, calorific power, with 
reasonable constancy of pressure, air require¬ 
ment, and sp.gi., than with gas of coiisulerablv 
higher calorific power, but subject to inucL 
greater fluctuations in these respects. Whilst 
it is not practicable to obtain exact uniformity 
of calorific power, composition, and Kp.gr., or 
of pressure Inrougliout a large district of supply, 
exceiit at a cost which would bo prohibitive, it 
is of the greatest iniportanee for all <-oneorncd 
that this end should be aimed at so far as it can 
be effected with reasonable economy. 

Sulphuretted hydrogen. All ga« supplied 
for public use must by law bo free from sul¬ 
phuretted hydrogen. According to tho stijmla- 
tioiis of tho Gas W^orks Clauses Act, the gas, 
when pjissed for 3 minutes over bibulous 
paper moistened with lead acetate solution 
at the rate of 5 cub. ft. per hour, shall not 
darken tho paper, owing to th(5 formation of 
load sulphide. As tlic formation of a brcjwii 
stain in this manner is an oxeeedmgly delicate 
test for sulphuretted hydrogen, this moans that 


I for all practical purtw»e« the gas passing the 
I test is free from ti^t Impurity. 

Determination of total sulphur. The offioial 
1 method for estimation of the total sulphur 
I present in purified gas is that prescril^d by the 
i Metropolitan Gas Keforeos, which is illustrated 
I in I'ig. 30. Tho gas, if it is also to bo tested for 
I sulphuretted hydrogen and ammonia, is passed 
' first over test papers mode by soaking blotting 
I jiaper m a 10 p.c. solution of load acetate, and 
I exjioHiiig such slips, whilst damp, to an atmo- 
I s]>hor<3 containing ammonia, and then over a 
• cylinder filled with glass beads or broken glass, 
moistened with a known volume of standard 
sulphuric acid, to remove ammonia. It is then 
1 burned in a small Bunsen burner at tho rate of 
; o-5_()-7 cub. ft. per hour until 10 eub. ft. have 
i passed, the flame being surrounded by lumps 



of commercial ammonium carbonate. The nitrate. The suljiliur estimation may also be 
products of combustion, together with ammonia, made by aspirating tho products of combustion • 
pass by means of the trumjiet tube into the glass through wash bottles containing sodium hy^io* 
cylinders provided with a tubulus at the bottom bromite solution, and subsequent precipitation 
for connectmc with the trumpet tube ; the upper of barium sulphate, or tlirough neutral hydrogen 
portion of the cylinder is filled up with glass peroxide, the sulphuric acid produced in *he 
marbles, and from the toj) a wi(le bent-glass latter case being determined oy titration with 
tube is led, which acts as a chimaey and final standard alkali. 

condenser. A small tube drawn out to a jet Employment of coal At the present 

conveys the condensed products to a flask or time, coal gas is employed for a very great and 
bo^cr placed on a shelf below. The sulphur increasing diversity of purposes. Whereas 
dioxide formed by the combustion of the during the first fiO-70 yoars of the existence of 
sulphur condenses in presence of the moisture, tho industry its employment was almost entirely 
excess of oxygen and ammonia forming a employed for illumination by burning it m 
solution of ammonium sulphate, and when the open-flame buriiorn of various kinds, toe 
required amount of gas has botm burned, the proportion of the gas now burned in this 
cylinder is washed out with water, and the manner has become very small. Where gas is 
sulphur present in tho liquor estimated us barium employed for illumination now, as is still 
sulphate in the usual manner, tho amount being largely the cose, the light is obtoined by the 
calculated as grains of sulphur per 100 feet, much more efficient incandescent burner. ^ 

This method tends to give slightly low results, In these last, the development of light is 
toe sulphurous acid primarily fonned is not obtained by raising to incandescence a raa^le 
always completely oxiaised to sulphuric acid, composed essentially of thoria. to which about 
and escapes precipitation with barium chloride, 1 p.c. of oeria has been added. The manu* 
on which acTOunt many prefer a previous faoture of these mantles is dealt with m a 
treatment the solution with bromine, or separate a^icle (^cc Gas mantles). In oriter 
precipitation with nitric acid and barium to rake such mantles to incondeseaic©, uie 
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UM is burned in u non-luininouH flame uf the 
Bunsen typo, by mixing with tho gas a certain 
proportion of pnmary air Iwforo it undergoes 
uombuHtion, wIkui it burnn with the well-known 
non-luiinnoiiK flunu', ha\’ing a definite, two-coned 
stnicture. 

WJnl^t tlie jiet.ual caiihos of tlie high devcloj)- 
mont of light from Kuch u inanth^ are still a 
matter of dispute, IIktc ih jio nueHlion tliat the 
amount of light (unittetl mereascs greatly with 
tho tiunpcjratiire to whicli th(' mantle is raised, 
in ordi’r, thendore, to obtain tbe, higfiost 
practical ollieK'ney with such buriK-i's, the gas 
must he burmal in such a manner as to produce 
a llamo of high tiunperature, and this must also 
have Hueli a shajxi that tlie inaiillo is situated 
in the ztine of higlu'st t.(“mperature. 

Tho efTeet of tin* introduction of the juimary 
air to tlH» gas before eonihustron is that- in the 
flame tim gas lii-st uii(l(“igo(^H combustioti with 
tho limited amount of o\yg<-n present in it. 
yielding a im.xture of steam, earliou dioxide, 
nydr(»gen, and carbon ni<ino.\i(h‘, together witli 
the nit.rog<'n (d the added air. this reaction taking 
daee in the area visible as the ‘ iiinei eoiu',' all 
lydroi-arbons completely di.sap|Mai.ring from the 
gas, piYivulisI the amount of oxyg<'n m the mixed 
gas umiergorng e.ombiistion is rather more than 
half tliat reipiiivd for its complete oxidation. 
'rhi» imxtuK; of ‘ wat.('r gas ’ aiui nitrogen forms 
tiui ^ outer cone' of the flame, which lias itsolf 
been raised to a very Ingli temperature by the 
reactions oe<-urnng m the inner cone, and the 
hydrogen and carbon monoxide then burn w'hore 
the air is in contact with tlie outer cone, fuitlicr 
increasing the temperature at this surface, and 
the relative shajie of fiamo and maiitlo should 
be HO arranged that- the latter oeeup]e.s as 
nearly as jiossthle the /one in which this final 
oxidation is taking place. 

The liighcr the jiroportion of jirimaiy air 
added, the smaller is tlu‘ size of the flame, and 
especially of tho iniuu' cone, and tlie liiglier the 
average t-emiioratun^ of tlie Hamo. tho highest 
pflicienev ol an incaiuUiseent tiurner being 
obtained wlien the amount of primary air 
• added is eipial to that tlieoret ieally requireil for 
the I'omplete combustion of the gas. Umior 
ordinary coiiditumH of gas supply, however, tins 
condition cannot Ih' oht ained, as a mixture of gius 
witli tho full amount of air is highly explosive 
and tho explosion wa\e travels back from the 
flame at a vidoeity gn*ater than that- of tho 
advancing nn.vlure of gases, and the burner 
* Art's back.' t he gas then igniting at tho injector 
nozzle. Undi'r ordinary conditions, it is not 
practicable to admit as primary air more 
than about tw’o-fifths to four-fifths of tho total 
amount required for comploto combustion. On 
t-ho other Iiand, if tho proportion of primary air 
admiit-od is too low. tho hydrocarbons of tlie 
gas arc not completely convort-od into water gas 
in tho inner cone, some hydiorarbons passing to 
tho outer cone, in which case, apart from the 
lower temperature of the flame produced, carbon 
may be deposited on the mantle, which becomes 
blackened, and its liglit emission thereby gi'eatly 
reduced. 

The proportion of jiriinary air drawn in 
through the air holes of tho burner depends, 
not only on the oonstruotion tlie latter, but 
also to a very large extent on tho pressure of 


j tho gas and its spocilic gravity. Tho higher tho 
I pressure of the gas, and the lower its speoifle 
gravity, the smaller is tho opening which is 
1 necessary for t he passage of the required amount 
of gas, and tho higlicr its velocity, and it is 
largely the Jailer factor which determines the 
amount of air sucked in through the air holes. 
On tiu.s account the pmssure at which tho gas 
I must now be supjilicd is much higher than 
I wius nccosHary for llat-flaino burners, and should 
j be cijual It) that of a water column at least 
j2 inches ill heiglit; with lower pressures, 
i <*sj)iTially witli higher qualities of gas, it is much 
I inon* dilhcult t-o got a wcll-acrated flame, and 
to avoid 1.1 k‘ (h'positum of carbon on the 
mantles. 

With the u[)nght incandescent burners, first 
introduced and still largely in use, the flame 
burns from the top of the. burner. The central 
jiortion of the burner liead is solid, so that tho 
flame jiroduccil is annular, tho central closed 
i jiortion liaving a socket in which is placed the 
! lire clay crutch suj)porting tlie mantle, and the 
j annular space l ovcrcil wit h wire gauze or similar 
device to prevent ‘flashing hack.' To obtain 
a good cftu h'Hcy, tho si/i; of the gas nozzle and 
air holes of tlie burner must be adjusted so that, 
under the average pressure existing at the 
' burner, a- woU-aeruted flame is iiroduced, having 
I only a small inner cone, and of such a .site that 
the mantk'. when jiut on, lies fully in the zone 
of Jughewt tcmporaturii. When adjusted to give 
the best results, an cflicicncy of 2r)~30 caiidlcjii 
per cub. ft. of gas liaviiig a calorific power 
of 530 Ik'I’li.U. can be obtained, altliough, as 
the mantle ages, this teiidH to fall off, largely 
owing to alterations in sluipe of the mantle, 
wliicli cause portions of it to occupy positions 
of lower tonipcraturo in the flame. Periodic 
cleaning of tlio burner is “also necessary, as the 
(lust in the air drawn in tends to settle on the 
gius nozzle and on the wire gauze of the burner 
liead, and results in less air being drawn in and 
tile production of an under-aerated flame of 
lower temperature. 

In the inverted incandcsscent burner, which 
is now largely rc'placnig the upright burner, the 
flame is directed downwards, tho mouth of 
tlic burner being in this case fully ojion, and tho 
mantle supported from above on a ring of fire- 
rejiisting material attached to the burner, this 
form possessing the great advantage that no 
HhadowH a*'c thrown on tho surfaces below, 
wliicli are in most cases those which it is specially 
desired to illuminate. The proper adjustment of 
gius and air supplies, and a sufficient gas pressure, 
as well as tho periodic cleaning of the burners 
from dust, is equally necessary with tho inverted 
form, but when working under the most favour¬ 
able conditions, these are more efficient than tho 
upright burners, over 40 candles per cub. ft. 
01 640 B.Th.U. gas at moderate pressures. 

By considerably increasing the pressure at 
which tho gas is supplied, namely, to one equal to 
a column of about 55 inches of water or higher, 
much higher efficiencies are obtained, both with 
the upright and with the inverted burners. With 
the increased pressure, tho velocity at which 
the gas can be made to issue from the injector 
nozzle is so increased, that the full amount of 
air necessary for its combustion can be drawn 
in through the air holes, and the piixturo forced 
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with much higher velocity through the burner, 
80 that the tendency of the flame to flash back 
through the highly explosive mixture can bo 
controlled, and a flame of very high tcmj)craturc 
produced, rivsulting in a much greater light 
emission from the mantle on which the flame 
acts. With such higli-prossurt' luirners, eflici- 
encies of as high as 70 candleH ]>er cub. ft. arc 
obtained. Higli-|)rc«sure iustallatioriH are now 
very largely adopti^l for outside lighting of the 
lublio streets and yards, and uIho for interior 
ighting in workshops and large piiblie buildings, 
special plant being usually erected for eoinj)ress- 
ing the gas for ein'li installation, or in some large 
towns a special higli-jiressuri' main is laid from 
the works or some, central point, ftir the sujjplv 
of gas under such biglier pressure wliere it is 
required. 

Although very largo quantities of coal gas 
are eonsuim'd foi- illumination piirj)o.scs in 
inoande^scent burners, a st.ill larg<‘r prop<irtion 
of tlio gas output IS now employed for other 
purpoMis, the most iinjiortant- uses being for 
liealing with gas fires, cooking by gas. ami for | 
jiowcr jiroduction in gius-eugmes. Ii^ indu.striul 1 
districts especially steadily incriiasing quantities | 
are omployiid for very diverse piirposi's, im'ludiiig I 
gjtfi furnaces for metal melting, annealing, gas- I 
fired kilns, &,c. For many of tlie.se piirpoH<‘S, 
a« with the incandes<;ent biirniT, better efbciency 
can frequi'ntly be obtained by tlie use of ga,s 
under mueh higher prcs.-iure than tliat at. which 
it is normally supjdied. and suitable eomj)re.ssing 
plant is frequently installed at imlividual works 
for this purpose, or, in .stnni'. eases wIutc high- 
pressure gas i.H reipnred by a large number of 
consumers in a lirnite<l anai, special liigli- 
pressuro mams are laid in that district by the 
gas undertaking, who then carry out. the com¬ 
pression. Ih’cvious to the outbreak ()f the war, 
rapid im^reose in the amount used for all pur¬ 
poses was taking place, espis ially m industrial 
districts, and altliough the abnormal conditions 
since then have lessened the requirements in 
many cases, in other districts largely engaged on 
war indu 8 trie. 8 , th<’ demand increased to an 
extent which could not be fully met at the iiim\ 
Jt is confidently anticijiatcd that when new 
post-war ‘ normal ’ c.onditions arc reached, and 
it is possible to pixivido increasi'd manufacturing 
and distribution plant, a further large develop¬ 
ment in the employment of gas for tl < . 4,0 and for 
fresh purposes will take jilace. H. G. C. 

GAS, DOWSON, Gas, Watku. 

GAS, GENERATOR, v. Gas, Wat>:r. 

GAS MANTLES. The discovery, by Golds¬ 
worthy Gurney, in 182(). that a piece of dense 
lime held in the oxy-hydrogen blowpipe flame, 
gave rise to intense incandescence, may be taken 
as the starting-point of the uilitsation of this 
phenomenon for the generation of light, as 
Gumev’s discovery was soon afterwards em¬ 
ployed in practice by Drummond, who utilised 
the light whilst making a survey of Ireland ; 
hence it was often known by his name, but is 
now more frequently called the oxy-hydrogon 
or Hme>light. 

The amount of heat necessary to raise a sub¬ 
stance to the temperature needed for incan¬ 
descence depends largely upon the size of the 
mass to be heated, as the larger it is the more 
will radiation and conduction tend to prevent 


the tomperatiiro of incandescence being attained, 
and when, soon after the discovery of the lime 
light, it was attempted to utilise incandescence 
for public lighting in Faris, the lime cylinder 
was rephu’cd by small butfoiis of zirconia and 
magnesia, wlucli, being more resistant to atmo- 
splioric influences than th(» lime cylinders, and 
Uung far smaller, IiusUmI for a longer period and 
could more easily be raised to the required 
Uuuperaturc 

in this experiment, oxy-eoal-goa burners 
wl)r'(^ employed as the heating medium, but the 
expense soon led to its abandonment. Jn 1835 
Talbot noticed that when a ])iece of blotting 
pajier was dijiped in a solution of a lime salt and 
was then incinerated in a s])irit lamp, the ash 
winch was lefl-. consi.sting chiefly ol lime, was so 
finely divided that the heat of a sjiirit-lamp 
flame was siifliciont to raises it to high incan- 
ilescence. 

'riie,s<‘ early experiments pointed merely to 
the fact that if a refractory material like linio 
^■ould bo obtained in a sufficiently coherent and 
finely divided condition, a moderately liot Hamo 
wouhl raise it to a ((unpi^rature at wliieh it 
would become u.sefully incandescent. 

Jn 1H4.S (Tillard, in attemjif.ing to utilise 
water giUH for lighting its well as heating purposes, 
made a mantle of lino jilatinum wire, which, 
hcatetl to incandescence in the flame, answered 
its purpose ami cmit(.e(l light for a short period, 
whilst in 1883 the Fahiiehjelm comb (Fig. I) was 
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introduced for developing light from a flat 
water-gas flame. It consisted of fine rods of 
niagm^sia in a inelHl setting, which was fixed 
at the roifuisite height above a flat-flamo burner 
consuming water gas, and from it a light of 
about 4^ candles per cub. ft. of gas consumed 
could be obtained. 

Up to the middle of last century, the flame 
of water gas or of alcohol vapour were the only 
ones that could have been used to incandesce 
finely divided refractory material, owing to the 
deposition of carbon from any luminous flame, 
but the introduction by Bunsen of the atmo¬ 
spheric burner in the early flfiies rendered coal 
gas available for all heating purposes, and made 
the mantle a practical possibility. 

About 1883 Diamond introduced a form of 
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mantle, can‘‘wUng of a oonioal Uv^Uct of threads 
of calcined magnesia, which was supported 
with its apex downwards in a small platinum 
cage, a llamo of coal gas and air being driven 
down upon jt under pi’ossure. It was not, 
however, until a year later that Dr. Auer von 
Wol.sbttiii, working in Hunsen’s laboratory at 
Ifeidollxsig 111)011 the rare oarths, noticed that 
the oxides of some of t he rare motuls had a 
wonderful powm- of light (iiniHsivity when inean- 
deseent, and, following up this rluo. made the 
brilliant series of discoveries which gave the 
world th(^ ineand(isi;eni mantle. 

These dfscoveriw look place in three distinct 
HtagOM. In his work piior to lK8r) ho discovi-n'd 
the fact t hat d a cotton fabric lx* saturated with 
a solution of tlie nitrates of the ran' eartlis. and 
be then carofnlly meinerated, an asli is left 
which is an (^xact Himiilaeiiuu of the original 
fabric, althougli the bunung out of t.lie cellnlose 
reduces it to about oue-tbiid of it<s fotiner size, 
Ro that by making a cotton sleeve about Ifiree 
timofl tlie size of tlie Uunsen flame it was in¬ 
tended to till, Baf uiatmg it in a solution «.d t he 
nitrates of tlio metals of which he requiri'il the 
oxides, and tlien carefully burning it ofl over a 
blowpipe flame, he could obtain a mantle whudi 
would fit the outer zone of the Hunsoii flame, 
and, being tliere healed to incamh'Sismco. would 
emit a useful amount of lighl.. 

His first patonf'. taken out. in ISSh. covered 
this jiart of -his invention, and specifics the 
mixtures of oxiiliw. which he gives as : 

(10 p.c. of zirconia, or oxide of zirconium. 

20 p.(!. of oxide of lanthanum. 

20 ji.c. of oxide of yttrium. 

This last oxide may bo cimitted, and tlie 
proportions may be: 

50 p.c of oxide of '/.insinium. 

50 p.<!. of oxides of lanthanum. 

Jn place of the oxide of yttrium, ytlerife earth 
may be used, wliilsf. eoribe earth containing no 
didymium and but little cerium may be eni’ 
ployed to replace the oxide of lanthanum. 

Those first maiithw were a commercial 
failure, as they gave a light ver;^ little m excess 
of that yielded by the (/lamond basket, and 
tltey wore so fragile in character tliat they were 
unable to withstand the slightest shook. 

The amount of light yielded by those mantles 
varied from It to (> candles per cub. ft. of gas 
consumed, but it was exce]>tionaf to meet with 
the higher value. Using the purer materials 
now obtainable, however, mantles made accord¬ 
ing to the formulm of the. 1885 patent give tlie 
following roaulta:— 

Qas IlhiTninntUig power. 
Composition of mantle consumed Total Candles 
P.c. cub. ft. candles per cub. ft, 

I. 

Zirconia flO 

Lanthana 2i)\ 5*4 12-0 2*4 

Yttria 20 


of the illuminating power, so that no uniformity 
in results could bo expected, brides which tlm 
mixtures of oxides used were continually being 
varied in hopes of obtaining better results. 

In I8BG tlie second Wolsbach patent ap¬ 
peared. This covered the use of tboria either 
j)<ir ,vf or mixed with oxides of other rare metals, 
and it is clear lliat at this period Welsbaoh 
iinagiiied that the oxide of thorium alone had a 
very high power of light emiasivity, but, aa a 
fac.t, a mantle made of jmn; thoria emite practi¬ 
cally no light, and the amount of light obtain¬ 
able was due to traces of ceria, which had not 
been eliminated from the thorium salt in its 
preparation from thorite and orangito. 

Later on, Welsbach discovered this fact, and 
also found that the addition to thoria of traces 
of ceria endowed it. with the wonderful power of 
emitting light jiossessed by tho modem mantle, 
and Mr. Moeller, of the Welsbach (Jompany, took 
out a patent in England in 1893, in which he 
protected the use of thoria in combination with 
very small traces, not exceeding 1 or 2 p.c., of 
oxides of other rare metals, amongst which was 
cerium. Ik was only al. this date that the 
iiicandt«ecni mantle began (o be a commercial 
siK'ccsfl, and in spite of the thousands of experi¬ 
ments which have since been made, no mixture 
ol oxides has been discovered which will give a 
light (^omjiarablc with that yielded by the mix¬ 
ture of 99 ]).c. thoria with 1 p.c. ceria, which is 
now universally used m mantle manufacture. 

Tlie oxides which can bo used in making an 
incandescent mantle arc limited in nuinber. 
owing to tho fact that they must bo able to 
resist atmospheric influences, must be sufliciently 
refractory to witlistand tlie temperature of the 
flame for a very long period, and must not be 
liable to excessive shrinkage during the burning 
off of the cotton fabric. 

Tho oxides in the following table are those 
which most nearly fulfil such requirements, and 
the light given by mantl«» made from the 
commercial as well as frop^ the carefully purified 
salts shows the vast differences that traces of 
impurity make in their power of emitting light t— 

Light emitted per Cubic Foot of Ga.8 by 
Various Oxides. 

Metallic oxides : Pure m^lal 

Zirconia . . . . . 1’6 ST 

Thoria- ..... 0’6 6*0 
Earth metals: 

.. ,, (Ceria . . 0*4 0'9 

Cer,teearths ^antlmna . . - 60 


Ytberite earths 


— 3-2 
0^) 1-7 


n. 

Ziroonia 501 
lanthana 50 f 


5-6 


9-4 


1*7 


The lower oandlc power obtained with mantles 
made of the purer salta points to the fact that 
impurities of the compounds at first em- 
^4|md endowed the older mantles with much 


fi (Chromium oxide 0*4 0*4 

Common earths 

Alkaline earth metals: 

Baryta.3*3 3*3 

Strontia . . . .6*2 5*6 

Magnesia .... 5*0 5*0 

If these oxides be examined for shrinkage, 
duration, and strength, it is found that only 
three of them, zirconia, alumina, and thoria, are 
suitable as the basis of the mantle, and even 
witb these three, zirconia in the hottest part of 
the fiame is lialTe to considerable uia 
shrinkage, whilst %ith ahtmina there Is mso 
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slow volatilisation, so that the life of the mantle 
is gradually shortened by the slow wasting away 
of the threads of the mantle structure. The 
nitrate of thoriurn, unlike those of the other 
earths, lias tlie property of adsorbing from 
1 to 1'2 p.c. of tliorium sulphate, and when a 
tabrio of vegetable fibre saturated with a solu¬ 
tion of thorium nitrate (Containing from I *5 to 2 
p.c. of sulphate is burned, the decomposition, 
towards the end of the operation, of this sulphate 
results in a minimum of shrinkage and gives to 
the oxide skeleton a spongy character, whi(‘h 
permits of its being readily shaped and its finer 
particles rapidly fritted by a high-temperature 
blowpipe flame, leaving a mantle of regular form, 
comparative rigidity, and very large radiating 
surface. The oxide is refractory under the heat 
of an atmospheric burner for a much longer 
time than any other known. 

The porous moss resulting from the incinera¬ 
tion of the nitrate containing a small proportion 
of sulphate ocoupi<ca more than ten tinias the 
volume of the. original nitrate. This means 
that the resulting mass is of a spongy character, 
containing an enormous number of little air 
cells, which must render it an excellent non¬ 
conductor of heat. A mantle made of pure 
thoria gives practically no light, but if successive 
small additions of coria bo made to it, the light 
emitted gradually increases until a ratio of 99 
p.c. thona to 1 of ceria is reached, when the 
maximum illuminating ofTecl is obtained. The 
light diminishes with further additions of ceria 
till, with 10 p c. of ceria in the mixture, the 
mantle once more gives practically no illumina¬ 
tion. No expansion takes place during the 
conversion of tlic cerium nitrate into oxide, the 
latter occupying about the same amount of 
space as the original nitrate^ hence in the mantle, 
although the ratio of thoria to ceria is as 99 to 1 
by weight, yet by volume it is as 999 to 1. 

In. the commercial manufacture of mantles, 
a cotton fabric was first employed knitted in the 
form of hose, the liiameter of which was con¬ 
trolled by the number of needles on the knitting 
machine, which varied from 70 to 90, the size 
generally used being knitted by a 85-noedlo 
machine, giving to the finished fabric a diameter 
of 21 inches. The resultant hose is cut into 
Boitablo lengths, and one end turned over and 
sewn with thread to form the head of the mantle 
(which after impregnation and drying is drawn 
together with asbestos thread to form the top 
and a loop for suspension). These lengths are 
then saturated with the imp{^gnating solution. 
This ooiwists of a solution (approximately 30-36 
p.o. by weight of solids) of the nitrath of thorium 
with 1 p.o. of cerium in water, there being added 
thorium sulphate, and from 0*7 to 1'5 p.o. of 
nitrates of other metals, e.g. magnesium, alumi- 
niom, calcium, gluoinum, zirconium, ;^trium, 
whose function is either to increase the porosity 
of or facilitate the fritting of the skeleton. 
One suitable formula is 1 kg. thorium nitrate, 
10 grams cerium nitrate, 2 grams magnesium, 
1 gram calcium, 7 grains fflucinum nitrates, in 
•2 ulos of water. The manues then pass through 
rolieih, which are under pressure in order to 
squaece out the excess of solution, leaving the 
fabric rotaining the quantity that will give a 
Mittsfaetoty skeletdn of oxides after incinera- 
iieil, and. this quantity may be taken as 0*7 


gram on the rough or 0 6 gium on the finished 
mantle after trimming. The soaked lengths are 
next stretched upon ^ass or papier m&ch6 forms 
in a drying chamber, the temperature of which 
is maintained between 80” and 90”F. (27° to 
32®C.). The head of the mantle is treated 
with a solution of magnesium, aluminium, and 
other nitrates, tlio object being to strengthen 
this part, which is the most liable to broMUige. 
They are again dried, sown with asbestos thread 
j and ‘ moulded * by stretching on a wooden 
I mould in order to give them the necessa^ shape 
for the next operation, that of^ burning oti.^ 
i This ia done upon suitable blowpipe burners 
i supplied with gas or air under prefisuro, which 
^ gives a flame of a very high temperature, and 
these are mounted in such a way that either the 



Pio. 2.— CoTTOK Mantle bkfobk burnxnq off. 


; burner or the mantle can be raised or lowered 
i at the will of the operator, so that the flame 
' can be made to play on every part, until the 
whole of the mantle has boon shaped and 
hardened, leaving a skeleton of oxides formed 
by the ducomposition of the nitrates of the salts 
employed This skeleton is carefully dipped in 
a solution of collodion, an average form^ for 
this solution being: 


4 p.c. collodion . 20*0 parte 

Ether . . . 18*3 „ 

Castor oil . . 0*96 ,« 

Camphor . • 1*6 „ 

the two latter ingredients being added to prevent 
over-contraction on drying. After dipping, the 
mantles are dried in steam-heated air or vacuum 
ovens to allow the solvente to evaporate, and 
they are then trimmed and packdd. 

As soon as theeincandesoent mantle became 
a success, many attempts were made to evade 
the Welsbach patents, and the most sucoessfiil 
of theee consisted in impregnating a solution of 
nitroceiluloeo in ether and alcohol with tte 
nitrates of thorium and cerium, and squirUag' 
the mixture out through minute orifices in the" 
same way that artificial collodion silk is made^ 
These filaments were then woven into ibm^: 
hose, and the collodion basis was dento*^^ 
soaking in an alkaline sulphide, and after s 
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and drying, the mantle was made from it by tlic 
same proeesn as with impregnated cotton. It 
waa found that fnanth"< made in this way wore 
diatinc^tly Hnja'rior to I Ih’ cotton mant les, both 
in life arid light emissivity, this l)eing due to the 
differonco of the structuro of trim thoria-ccriu 



XTio. 3 .—AfTKR BlIHiNINO Ol'F. 


in ramie fibre, which has now almost entirely 
ropIacc<l cotton for mantle manufacture. 

The ramie fibre is produced from a plant of 
the nottlo class, Boihw rui Icnacissiim, and when 



residue, wldcli is shown in the photomicro- 5 .—Cotton after buknino oj-k. 

graphs, from winch it. is seen that the cotton ; 

(Figs. 2 to fi} gives a cloielv twisted rope of j fr,>ed from its ghitinons coating can be woven 
minute fibres, whilst the colloiiion (Figs. 0 and 7) j mto a beautiful silk-bko material, and when the 
gives a bundle of ai'parato filaments without I ramie llinaid is knitted, impregnated, and made 
excessive twist or jilait. into mantles, tlie structure is ee<‘n to far more 





Fig. 4.—Cotton before burning off. Fig. 0.—Collodion before burning off. 

The advanti«ce of tlic collodion mantle nearly approach that of the collodion than of 
were, however, msoountod by the cost., whicli the cotton fabric (Figs. 8 and 9). 
was much higher than that of the cotton fabric, A mantle with a basis of collodion fibre is 
and attempts wore made to find a substitute for again coming into favour, particularly in o<m- 
cotton which would give the same results as the noction with lighting ^ bv hij^h-pressure gta. 
collodion at a cheaper price, and this was found Artificial silk made by the Viscose process is 
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impr^nated in a nitrate solution, the nitrate 
oonverted into hydrate bv treatment with am¬ 
monia, ammonium sulphide, hydrogen peroxide, 
&o., and the fabric incinerated in the ordinary 
way. 



Fio. 7 .—Collodion aftee bfrning off. 

Tlircads of this material are thin, strong, and 
capable of heavier impregnation than either 
cotton or ramie throatls. Artilicial fibre also 



Fio. 8.—Ramie befoeb bubninq off. 


pofisesaes the advantage of uniformity of com¬ 
position, diameter, and other physical pro^rties, 
aAd gives a mantle which is more dtirablo, is a 
more constant light producer, and does not 
uodeigo shrinkage. 

VftT TTT_ m 


Up to 1900, all tho mantles used were of the 
upright type, supported in the atmoeplicric 
burner flame by a central rod of magnesia or an 
outside iron Bup))ort from which the mantle was 
suspended, but owing to tho slightly conical 
shajK) of the mantle, tho maximum light was 
thrown at an angU^ a few dt'grees above the 
horizontal, wlnlst the shadow of the fitting was 
thrown on tlie surfae<« immediately below the 
burner. In order to overcome this trouble, the 
; idea was introiiuced by Kent, in 1897, of making 
' an atmosphei ie burner witli a long mixing tube, 
the end of wlneli was turned downwaixls and 
the flame made to burn in an inverted mantle. 
It was not, lu>wov(!r, until after 1900 that flie 
introduction of the present forma of inverted 
burner and mantle pojiulariaed tlio idea, which 
nas many advantages in districts whore the gas 
is supplied at a jirosaure of not less than j^^s, 
t.v. 2 inclios of water pmsaure. 


: /■ 

J, r 

/' 


Fio. 9.—Ramie after bubnino off. 

With tho inverted mantle, tho maximum 
light is thrown downwards at an angle of 45'^ 
below the horizontal, whilst there is no shadow, 
and the mantle, being fixed to a fire-clay iing 
which is suspended from lugs on the burner tube, 
is far less likely to be injured by vibration than 
is the case with the upright mantle, which nee^ 
an anti-vibrator on the burner if used for street 
I lighting whore there is lieavy traffic, whilst the 
: slight preheating of tho gas and air supply, 
the fact that the flame is not hurried away from 
the mantle as in th# case of the upright burner, 
bring the duty of tho mantle up to 26 to 30 
candles per cub. ft. of gas consumed. 

In making the inveitod mantle, the same 
methods arc employed as with the upright, 
except that the bottom of the fabric is sewn up, 
after impregnating, squeezing, end drying, with 
a thread of the same impregnated material, and 
tho top of the h<»6 is bound on to the fire-clay 
supporting ring with asbestos thread before 
burning off and shaping. 
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The bumere used witli the earlioet upright 
iuoandeecent mantles were small Bunsens of the 
ordinary tyjM*, with a tube about 4 inches in 
length, litted with a gallery to carry a chimney 
ana a head Htainpod out of thin sheet metm. 
This mad(! a very long fitting which proved an 
objection in many inwes whore ftat-flamo or 
argand burners had boon employed, the rtwult 
being that the burnor tube was shortened, and 
the head carrying the gallery, which fitted over 
it, was made so that it but slightly increased 
tho length. 

Much ingenuity was expended in devising 
suitable burners for use witli the upngld mantle, 
the chief ami bfung to ousur<i a hot wtoady flame 
of the riglit shape with thorough adniixlure of 
the air and gas before comlnistion. .Some of 
these burner heads consisted of ojx^n circular 
slots, otliers of flat, gauze discs witli a small 
baffle in the centre, whiNt otliers wi ri' ^irovidcd 
with gauz(' doiiK's and steatite or cut metal toj^s. 
All these dilToi-ent varieties, howeviir, suthu'ed 
from tho defect of -aeration of the gas 

before combustion, so that a chimney was re- 
in order to criuit^* an up-druuglit and to 
bring a supply of uir from outside the mantle in 
contact with the burning gas on its surfa<*c. 

ft those buniors wi'ro used without aohimney, 
tlie imburnt gas from the inner zone had to 
travel a short disfancii from the surfaci! of the i 
mantle through which it was passing bidoro it 
obtained tho addil.ional air necessary for its 
complete combustion, witli the result tliat tlie 
layer of highest tem))erature was outside the 
mantle, which was not in consequence raised to 
the higlu'st degrei* of incandescence. Wlien a 
chimney was used, however, tlie current of air 
created by it burnt tlie gas on tho surface of 
tho mantle itself, and the lawt results were 
obtained. Burners of this class slill form the 
majority of those employed with upright 
inantloH, and a chimney is a necessity in all 
burners in w-bich less tliun one-half the total 
volume of air m-teded for the complete com¬ 
bustion of the gas is drawn in, and with a 14- or 
•Ifi-candlo jiower gas, a O-inoJi chimney is 
generally sufticient to supply tho nece-ssary air. 
whilst with a rich gas a longer chimney iy 
requirotl. 

A serious trouble witii mantle lighting lias 
been tho carbonisation of tlie mantle, which 
oommencas with a sliglit auoty dejiosit at one 
spot, and then rauidly grows over the surface 
of tho mantle, reducing the light emitted and 
soon destroying the mantle. 

When tlie flame is under-aerated and con- 
tajps a ratio of leas than 2*2 volumes of air to 
1 of gae, some methane escapes combustion in 
the inner zone of the flame, and bums with tho 
carbon monoxide and hydrogen in the outer 
flame, and it is this which causes the trouble. 

On replacing the ordinal^ tube of te Bunsen 
burner with one made of platinum, if the ratio 
of gas and air be so arranged as to give a blue 
non-luminous flame, on heating the platinum 
tube the flame becomes luminous, although net 
to such an extent as would have been obtained 
from the original gas. Tf the tube be allowed 
to cool down, the flame again becomes non- 
luminous, showing that the luminosity is due 
to th^ restoretion of heat to the flame and not to 
any alteration in the composition of the gas. 


. But with a Bunsen burning with a green inn' 
; cone, luminosity cannot be produced by heatii 
the mixture of gas and air. On now taking s 
ordinary Bunsen with a brass tube, and surroum 
ing the blue non-luminous flame with a platinui 
gauze cylinder .so arranged that the si^ of tl 
name heat it to a high temperature, the top i 
tho flame will become luminous, owing to ti 
platinum superheating the flame gases from tfc 
mnor cone and causing them to decompose wit 
separation of particles of carbon. The sam 
rasult is obtained with an ordinary mantle ope 
at the top, and it is to this cause tliat the deposi 
tion of carbon on t he mantle is duo. 

Mantle burnom in which regeneration ha 
been atUnupted liave also been tried, but th 
fact tJiat the air or gas can be heated separatel 
and then utilised to give a very hot flame, doe 
not apply to the mixture of tlie two to an' 
greater <‘.\tent than is found in the inverteJ 
burner, as, wh<*n n mixture of air and gas i 
heated, oxidation of the gas commences, am 
tho lo.ss of combustible matter due to this caus' 
outweighs the advantages of preheating. 

Real irnprovomcnlAS in the luirnci’s em 
ployed for mantle heating started in th( 
early nineties, when Chomin and Bandsepi 
began working at the idea of adding air t( 
the gas in small portions so as to gain a mon 
intimate mixture of the two before combustion 
and it was tlie ])erfocting ol iliis idea in the Kero 
burner wliicb gave the best cliimnevlcss Imrnei 
in use. 

In this burner, tho gfis issinw from tlie usual 
injector into a suction tube, lonsisting of two 
cones uniUid at their summits, which increases 
the proportion of air drawn m with tho gas, and 
the mixture then passes into an enlarged head, 
whore baffling devices en-sure thorough mixing, 
and tho burner top is so constnicted that the 
flame of the burning gas is thrown against the 
mantle, yielding a higher duty than with an 
ordinary burner and chimney. 

Tho sharj) edge of this burnor resulted, 
however, in the mantles having a comparatively 
short life, and it is being replaced very largely 
tor public lighting by inverted swtoms. 

Tho visible duly obtained from the incan¬ 
descent mantle depends largely upon the pres¬ 
sure at which the gas is supplied, and now that 
its use has become universah no gas undertaking 
should, in-their own interest, supply gas to 
consumers at loss than 2 inches (ft) pressure, 
and when centres of high illuminating value are 
j needed to compete with arc lighting lor outside 
j work and largo buildings, tho light which can be 
obtained from a mantle can be enormoualy 
increased by the use of high-pressure lighting, 
such as the Keith, Sugg, Solas, and other 
systems, in which either the gas or air is 
placed under greater pressure than the ordinary,, 
so that by using what are practically blowpipes, 
a much larger volume of gas is consumed in a 
given BMce, and from to ^ candles light 
obtained per cubic foot of gas consumed. 

The quality of tlie gas has a certain influence 
on the light given by the mantle, but not as 
much as is generally supposed. If an ordinary 
burner and mantle be tested first with lO-candle 
gas, then with 15, and finally with 14-candle 
power gas, it is often found that it gives a better 
light with the 15 than-^ho 16, and a further 
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improTeraent withthe I4-can(llegfu>. This, how* : 
ever, is dependent upon the faot that the burner i 
is drawing in less than the necessary amount of ! 
air to give the best conditions of combustion in j 
the inner zone, and that the right degree of 
aeration is being more an^ more nearly ap¬ 
proached with the poorer gas. When care is 
taken to ensure the correct ratio of air and gas 
consumed in each case, it is found that for 
qualities of gas between 14 and 18 candle power, 
there is a gain of about 3 p.c. in the light omitted 
by the mantle for eacli candle-illuiiiinatmg 
power in the gas. 

Seldom in the industrial history of tlie 
world has any one invention wrought such 
alterations in a great manufacture as has boon 
the case with the incandescent mantle, which, 
being perfected just at tlie Mine when electricity 
was threatening the Hiiprmuaey of gas as an iilu- 
ininant, entirely revolutioiiiKod the gas industry. 

Before the introduction of the mariM(», tli(5 
usual quality of the gas supplied was what was 
known as Iti-camlle power, and the light obtained 
from it by the coasumcr was anything from 
7 to 8 candles per cub. ft. with regenerative 
burners, down to Iws than I candle per cul) ft. 
*witli small flat-flaiiic burners, whilst with the 
incandescent mantle from 14 to (h) caiidlin per 
cnb. ft. can be obtained. 

I.IQTIT EMITTED PER (kTRIP FoOT OF Ib-CANDLE 


When WeUbach made the lint thoria 
mantles, thorium salts were obtainable only in 
very small quantities, and from such minerals 
as thorite and orangite, but with the demand, 
now sources of supply were found in many 
directions, notably the immense deposits of 
monazite discovered in Travancoro (o. India) 
in 1909, and during the Ihst few years, although 
the amount of thorium nitrate used has more 
than duu bled, there appears no fear of a shortage 
hampering the mantle industry. 

Many theories have been brought forward 
to explain the wonderful light-giving power of 
the mixture of 99 p.c. thoria and 1 p.c. ceria, 
but none of them explains both the facts, 

: that the maximum light is obtained only in 
the extreme outer layer of the Bunsen flame, 
wliuro both air and combustible gases are present, 
and that it is only with 1 p.c. of ceria in the 
mixture that it is obtained, a mantle of pure 
thoria or pure ceria giving practic^ally no light. 

The probable explanation is that in the 
mantle, the tlioria, btung in a porous condition, 
is a good non-conductor, and owing to this, to 
its low specific heat and low power of radiating 
beat, it can be raised to the temperature of lAo 
(lame ; ceria, on the other hand, has a won^nul 
power of radiation, as shown by F6ry, and has 
also a cat-ulytic action upon mixtures of com* 
bustible gases and oxygen, but its radiation is 
so great that it caiiiiob be Iieated in a Bunsen 


(tAS oonsumki) i'kh Horn 
Burners OaiuUe units 

Incandescent {liigh-pres'wre inverteil) . 35 to bO 

„ (high-pressure upright) . 30 ,, 35 

,, (ordinary inverted) . 20 ,, 20 

,, (ordinary upriglit) . 14 ,, 22 

Regenerative . . . 7 ,, 10 

Standard argand . . . . 3 20 

Ordinary argand ... . . 2'90 

Union jet flat flame. No. 7 . . 2’44 

„ .. .. <; . . 2'15 . 

„ .. ..5 . . 1-87 

„ .. 4 . . 1*74 

,, ., ,.3 . 1'(>3 

.2 . . 1*22 

„ .. I . . 0-85 

0 . . 0*59 


It was also soon found that, in practice, a 
much poorer gas gave as good or hotter results 
with most incandescent mantle buyners, and 
with the general adoption of the mantle, the 
candle power of the gas supply has been lowered 
in nearfy every largo town in England. 

At the present time (1921), the normal annual 
mantle consumption of the world approximates 
to: 


Great Britain 

. 60,000,000 

America 

. 80,000,000 

Germany 

. 90,000,000 

France 

. 20,000,000 

Italy .... 

. 3,000,000 

Bdl^um . * . 

6,000,000 

Australia and New Zealand 

6,000,000 

Bu^ia ^ . 

3,000,000 

India * ... 

2,600,000 

Egypt A . . . 

. 1,000,000 

Scandinavia ^ 

. 2,600,000 

* A taraa laroportioB eonjunctlos with hlfth-pres* 
are oU lamps. 


flame to the temperature iKu^wsaryto giveli^ht. 

When ceria is added to thoria, the light 
emitted by the mantle increases until 1 p.c. by 
weight, or 01 p.c. by volume, is present, because 
the ceria is so insulated by the excess of thoria 
that it is not only brought up to the temperature 
of the flame, but by its catalytic power tends to 
locus the combustion of the extremely attenuated 
flame gases upon the widely distributed ceria 
particles, and so raises them to a far higher 
temperature than the mantle, a temperature, 

: however, which cannot l>o dotc(!ted by the 
' thermo-couple, which gives only the averi^e 
, temperature of the mass with which it is m 
! contact, and fails to show the temperature of 
the 0*1 p.c. of ceria. Addition of more ceria to* 
: the mixture causes such a rapid cooling of both 
mantle and flame by radiation, that the light at 
; once begins to fall; and by the time 10 p.c. bf 
ceria is in the mixture, the mantle gives no more 
light than a thoria mantle, but a much increased 
heat radiation. 

The analogy between the luminescence of 
tborium-corium mixtures when heated (the 
I maximum value being at I p.c. ceria, mixtures 
i with 10 p.c. ceria and over being non-luminous), 
and the phosphorescence of mixtures of pairs 
of rare earths (say A and B), under the bombard¬ 
ment of cathode rays (where with pure A and 
more than 20 p.c. B there is no phosphoresoenoev 
which, however, roaches a maximum with 
0*6 to l*p.c. of Bf, is interesting (se« Urbain, 
iAnn. Chim. Phys. 1909, [viii.] 18, 222-378; 

! Bruninghaus, ihid. 1910, (viii.] 20, 519-646; 
121.210-283). 

j ^The work of Le Chatelier, Nemst, Schmidt, 

; and others, shows that the thoria-ceria mixture 
gives light rays rich in blue, green, and yellow, 

' but poor in re^, so that the proportion of ener^ 
radiated as light at the temperature of the 
mantle is high. . G. 8. Q* 
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GAS, 

GAS, OIL. Even before the introduction of j 
coal gas, it had b(»on found that oil could bo | 
decomposed at a Umifiorature a little below | 
1000" witfi the formation of gas of high illumi¬ 
nating power, and when coal gas had overcome ^ 
the jirejmhce existing against it m tlie early 
years of its inception, several attempts were ; 
made to utdise oil instead of coal for tlie pro- , 
(luotion of illuminating gas, but with no com¬ 
mercial HuccosK, owing to the jirii’e of tlie oil. 

As early as 1815 a pal<'nt was granted to John 
Taylor for an apparatus for the de-eoinjiositum 
of oils, which is interesting as lieing of mueli the 
same type ns those still employed ; whilst in 
1811) Ciordon and Jh-ard took out a jiatcnt for 
eompressmg oil gas. and it was in the liquid 
separated during eomjiressinn of this gas that 
Faraday discovi-red and isolated benziuie 

After tins jieriod, oil gas appeal's to liave 
Is'en but little usimI until in 1871, when it began 
to be employed f<n' the lighting of railway i 
oarnages on tlie (kmtuient in place of oi) lamps, 
and it was from this tiiat the firm of .lulius 
Pintscli built up their system of railway-carriage , 
lighting, wlueh soon spread throughout Kiirojie ■ 
and to England and Amernia, and at a slightly ; 
lati'sr date oil gas Ixgan to he employed for' 
liglit'ing country housi's and small villages; 
wfiere the eonsiinijitioii oi coal gas was not 
snilicmntly greal to allow the iTcction of coal- 
gas works. 

it' wiui also largely ailoptcd, in the coiii- 


OIL. 

pressed cbndition, for the lighting of buo^ and 
lor other purposes where the portability of 
cylinders containing it under compression fitted 
it for special uses in spite of its cost. 

The oils now used for the production of gas 
are generally the blue or green shale oils, al» 
though slightly beftcr results may be obtained 
from the Kussian so-ealled ‘ solar distillate,* 
whieli IS obtained by subjecting the residues of 
liussian oil, left nft<T the lamp-oil fractions have 
been driven olT, to further distillation. 

Sm li pils hegm to decompose with evolution 
of gas at a litt le iiiider 500", and the effect of the 
lemjiciature of th<‘ ri'tort' on the products is 
slmwii in tlie following table * 

Oil used Russian ‘ distillate oil * 

Specific gravity 0'8()4 
Flash-poii#. 149"F. ~05°(J. . 

Temperature of reUirt 700“ 900" 1000'^ 

(hibic feet of gas p(T 

gallon . , . 12 00 72 84 

Percentage of residuals 50-1 22*7 12'7 11’8 

Illuminating ]>ower, 

eaiidlos per cub ft-.. 54'S 50 7 57’1 42*2 
Tlio gas contains, ji c : 

Unsaiurated hydro- 

oarbon-s . ‘ . . .‘{9 IJ Jtl'ni; ,‘h)-55 22'04 

Saturated livdro-car- 

bons . . 42'41 49-45 49-45 54-gJ 

Hydrogen . . 12-58 11-fiO 21'54 

Acetyhmi' . . 0-052 0 084 0-28 0-4(> 


DfSTiLLiNu Points ok tiik Kesidoks from Kitssian ‘ DisTn.nATi: Orr,,’ EXrHi-;.s.sEf) in 

PElK’ENTAaKS OF OUTOINAI. RkSIDUE. TkMP 


Toinporal me 

10(1'- no'-i‘jo'-:i2.v' iim - is')'- 

340"- 

i.'iO -100 -! 

170"-' 

'I 8 O'- 1110'- 

Ici 

I sr. 

riaxh- 

no TJO'"' vz'y" i:{o inr) 140 

l.'iO" 

: )(«)^ 170"; 

180 . 

lOO ‘JOIJ 1 

jMjint 

Original oil 
Residue after do- 

- - - - - - 

- 

! 

i 

1 

^ 1 1 •r> 

: 0-804 

F. 

149° - 

compOHirig at: 


i 1 






500° . 


4 i 

j 2 5 i 0-5 , 

2 -5 

■•1 2 

0-800 

58° ! 

700“ . 

--- -- 01 2 : 1*25 

9 5 i 

-1 1 T) 

2-5 

:i 2 

0-908 

Below 32°! 

a 900" . 

1-0 5 :{•:{ 2-2 5 2 2 

<> li 

1 5 ()•(» 

5 

- - 1 

0-920 

Below 32“ 1 

1000“ . 

' - - — - ' — • ' . — 

10 

1 2'5 

2 i 

Nil 1 

1010 

40° 1 

: 1 


On decomposing tlie oil at 600“, the gas is 
small in quantity and wiiito in colour, tlie 
liydrocarboiis being present almost entirely as 
vapours, a largo proportion of wliioh go forward 
with the gas and condense in the holder, so that 
tho 50 p.c. of roeidunls condensed in tlie receiver 
do not represent tlie total condensible hydro¬ 
carbons. 

After condensation of tho vapours, the gas 
amounts only to 12 cub. ft., ana contains the 
saturated and unsaturated hydrocarbons in 
nearly equal proportion, whilst on examining 
the tarry' rosiduais it is found that tho flash¬ 
point is considerably lower than that of the 
original oil, and also that fc'5 p.c. distils over 
below 200", whilst with tho original oil only 
3'6 comes over below that temperature. 

On decomposing the oil at 700°, the yield of 
gas is increased to 00 cub. ft. per gallon of'oil 
used, and is of a buff colour. In the gas tho 
unsaturatod hydrocarbons are 2'5 less in quantity 
t^an in the former case, and there arc mote 
saturated hydrocarboq^. On examining the 
r^iduals, the effect of tho increase in tempera¬ 


ture is found to bo most marked; they liave 
decreased in quantity from 69'1 p.c. to 22'7 p.c. 
of tlie original oil docornpo.scd, whilst tho flash¬ 
point has fallen below the freezing-point, and 
20-75 p.c,'of the nvucluals distils below 200°. 
Nmo p.c. of tho residuals distil at 123°-126°, 
whilst 9'5 p.c. distils at a temperature of 140°-- 
150". At 900° the decomposition of the oil 
yields a still larger volume of gas, in which the 
percentage of unsaturatod hy^ocarbons is the 
same as before, but there is a large increase in 
the quantity of saturated hydrocarbons, and a 
slight- increase also in the illuminating value of 
tho gas. 

The residuals, at this temperature, to 
12*7 p.c. of the oil used, and on fractionating 
them more than 1 p.c. distils at 100°, and 6 p.c. 
at a little over 110°. 

On now raising the temj)eraturo to 1000°, 
another increase takes place in tho volume of 
the gas, 84 cub. ft. being obtained per gallon 
oil decomposed, and the illuminating power falls 
from 57 to 42. On analysing the gas, it is found 
' Lewes, 3. Soc. Ohem. lod. Jdly 30,1802. 
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that the percentage of saturated hydrocarbons 
has slightly increased, whilst the percentage of 
hydrogen has risen from 11 ’SO to 21 *54 ; on the 
other hand, the unsaturatod hydrocarbons have 
fallen from 36'5 to 22 p.c. The gas as it loaves 
the retort has lost its rich chocolate-brown 
colour, and has become ‘ sooty ’ from separation 
of carbon, and this, as well as the increase in 
hydrogen, shows tliat tin' temperature has been 
forced to a point at whicl\ some of the liydro- 
carbons, and mainly the unsaturatod hydro¬ 
carbons, have been decomposed. • 


OIL. 

The residuals euliucted from the gas made at 
this temperature arc of nearly tho same volume 
as those obtained by decomposing tho oil at 
SOO*^, but differ from thorn in containing nothing 
with a lower boiling-point than 

From tho results obtained in practical 
working, 900“ has been generally adopted as 
the best retort temperature to employ, whilst 
tho kind of oil usea is generally govomod by 
local conditioi'.s. Tho following table gives 
tlio results obtained with various grades of 
oil » 


Name of oil 

‘ Lu.str(! ’ 

Solar distillate 

Sliale oil 

8)mlo oil 

1 «P-gr. - 

0-82 

) 

0-S656 

' ()-8495 

0-854 

Colour 

\^'atcr white : 

Keddisli brown: 

: Reddish brown: 

Reddish brown: 


bluish fluor- 

green 

fluor- 

greenish fluor¬ 

green 

fluor- 


oscenco 


eseenet 


escence. 

osconce. i 

1 Fractional distillation 

1st drop 

115“ 

1st drop 

110’ 

Ist drop 225 ’ 

1st drop 250° ] 

' 

r> p.<-. 

140 

4 p.e. 

170 

5 p.c. 248 

5 p.c. 

275 

j 

10 

146 

10 „ 

238 

10 255 

10 „ 

285 


15 ., 

152 

15 

246 

15 .. 260 

1.5 ., 

288 


20 

172 

20 .. 

252 

20 ,. 270 

20 „ 

295 


25 .. 

176 

25 

255 

25 275 

2.5 .. 

300 


50 

190 

30 !! 

267 

30 .. 280 

•’to ,, 

320 


40 ., 

205 

35 .. 

271 

35 286 

35 ., 

335 


45 ,, 

212 

40 .. 

27() 

40 .. 290 

•10 „ 

350 


50 .. 

217 

50 .. 

285 

45 „ 294 




55 .. 

224 

55 ,, 

291 

’ 50 316 




60 ., 

230 

60 ., 

320 

55 350 




65 .. 

234 

65 ,, 

345 

Tlicrmu meter 




70 

75 

243 

255 

'Ihormomctcr 

rising 

rising 

rapidly 




HO „ 

202 

rapidly 




85 

270 






Best results : 








Gas j)er gal. . 

74*5 cub. ft. 

82*9 cub. ft. 

82'5 cub. ft. 

(H>-6 cub. ft. 

Illuminating power. 

49*0 candles 

48*2 candles 

41*2 candles 

62'9 candles 


The form of retort and the general apparatus : 
used vary slightly in tho processes introduced ! 
by Keith, Fatterson, Pintsch, and Pope, but a | 
description of the Pintsch plant will sutlico to : 
make clear the general principles upon which ’ 
they all depend. ' ' 

The retortsS are of iron. D-shaped and 10 
inches high by 0 foot in length. They rest upon ■ 
fire-brick, one above tho other (Fig. 1), and arc ; 
connected vertically in pairs. The lid of tho ' 
upper retort is provided with a siphon pipe, 
fitted with a funnel at the end into whitdi oil is 
allowed to flow from an overhead tank, the rate 
of flow being capable of adjustment by a micro¬ 
meter cock. The other end of tho siphon is 
continued inside tho retort, for about 12 inches, 
and dischargee tho oil on to a loose thin sheet- 
iron tray, about 2^ inches deep, which occupies 
the whole length of the retort, apd which is 
changed and cleaned about once a week. The 
oil is heatecLand vaporised in the first retort, 
and tho vapour passes from tho further end of 
the retort downwards into the lower retort, 
which, being directly over the furnace, is con¬ 
siderably hotter than the upper, the tempera¬ 
ture of the retort being a full cherry-rod. Here 
the vapours are ‘ cracked ’ and rendered per- 
msmently gaseous, and after pa8Baf|o through 
this retort, they are led by a descension pipe to 
fhe hydraulic main. Tho retorts in the tench 
are fitted with a test cock, by which the colour 


of tlie gas can bo asi^ertained, as this acte as a 
guide to the work the retort is doing. Tho gas 
should bo of a pale straw colour; if darker, it 
is assumed that the temperature is too high, anil 
eitlicr the heat of the furnace is slightly reduced, 
or a little more oil allowed to flow in. Each 
pair of 10-inch retorts is capable of making 
450 cub. ft. of gas per hour. 

Tho tar from tho gas-oil retorts having 
proved to bo of little or no value, from time to 
time attempts were made to do away with the 
production of liquid residuals as far as possible 
m the manufacture of oil gas, so that a deposit 
of pitch or carbon only should bo left in tho 
retort. In 1846 Hilary tried to attain this end 
by placing condenser tubes above the retort, 
with a view to returning any liquid that con¬ 
densed back to tho r<5tort, where it would be 
subjected to further distillation, tho ultimate 
products being gas and carbon only. This idea 
was improved by Young, in his process for 
tho manufacture of oil gas. 

In Young’s process the oil gas, which is 
obtained by retorting the oil at a moderate 
temperature, is washed the oil which is 
flowing into the retort, and in this way all con- 
densiUo vapours are removed, and only per¬ 
manent gases allowed to pass forward to the 
purifier. As the oil which has served for th« 

' E. Llewellyn Price, ihoc. Ineorp. XniUt. Gas 
£ug. 189:i. 
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wotihing iif uiuj)loyi;d /or thu manufacture uf the 
gas, any jxjrniancnt gases that may have been 
absorbed arc dnven out from it during the 
retorting, an<l eonsequently are not lost. 

The refcorts arc of cast iron and about 10 
feet in Jongth, set so as to slope downwards to 
the back ; iiumtiipjcees and ascension arc 

fitted in the asual way, and each moutlipicee has I 
a Hiuall cock for testing the colouj- ot the gas. i 
which shoukl be. of a pale straw colour, any | 
deeper tint indicating too high a t.einjieruturc j 
an<f unrluc dccoinjiosition of tlic oil. Tin* in- | 
flowing oil IN adniittcd tlirougli a small taji i 
about 2 feiit up the osc(*nsion jiijie, and drxips | 


through the aHueuding gas un to a steel plate 
which extends about 3 feet into the retort, thtv 
obviating the direct impact of the oil on to th< 
bottom of tho retort. The temperature em 
ployed IS between HOO'^ and 900®. From th< 
ascension {>ipcs, the gas passes to the hydraulic 
mam at the back of the retort bench, ther 
through a liorizontal condenser to the scrubber 
and finally to the holder. The oil cistern is 
situated above tlie scrubber, and the oil can b< 
led through all or any of the sections of the 
sci'iibbor,‘‘after winch it jiasscs along the bottoir 
ol tiu; horizontal condensers to tne hydraulic 
mam. From the liydraulic main it ontem s 
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small cistern fitted with an indicating float, by 
which tho fli*w cd oil into tlio retort can bo ■ 
rogulated. Jt will bo seen that in this system 
tho oil IS always travelling m an opposite ^ 
direction to tlie now of gas. 

The oil used is ‘ blue shale oil ’ with a ; 
specific gravity of about b*850. Eabh retort ■ 
-makes 600 cub. ft. of gas per hour, and 6J cwts. | 
of a very dense graphitic coke is left in the I 
retort for oacli ton of oil decomposed. When i 
tested on tho pholoiueter in burners most ; 
suited for its combustion, tho gas giv^ an ; 
average of (K) candle power. 

The composition of the gases made by the | 
ordinary ana by the Young process is shown in 
tho following analyses, the ordinary oil gas 


ing of 50 candle power, and the Young gas 
candle power:— 


Unsaturated hydiocarbons 

Ordinary 

331B 

Young 

43-83 

Saturated liydrooarbons . 

4516 

36-30 

Hydrogen 

19’SS 

16-86 

Carbon dioxide 

0-50 

0-63 

Carbon monoxide . 

0-60 

0-00 

Oxygen .... 

0-60 

1-14 

Nitrogen 

0-44 

1-26 


1004X) 

100-00 


In using oil gas for lighting railway carriages 
and buoys, the gas is form at six or seven atmo¬ 
spheres pressure into reooivefB which, in the case 












of railway carriagee, are fixed to the under frame 
of tho carriage. These receivers are connected 
with a governor, which reduces the pressure of 
the gas passing through it to 1 or 2 inches of 
water, at which pressure it is led to the lamps in 
the carriage roof. The gas is burnt at specially 
made flat-ilamo nipples, consuming about a foot i 
of gas per hour, and at this rate yields a light of j 
about 8 candles per burner. 

Improvements have been made from tune 
to time by the introduction of horizontal llat 
dames in place of upright flames, by the use of ' 
small regenerative burners, and also bjf increasing 1 
tho illuminating value of tho oil gas by ad- i 
mixture with acetylene, but the greatest advance j 
that has been made is duo to the utilisation of 
oil gas in tho incandescent- mantle, which was : 
introduced into this country for railway lighting j 
in 1904. Until tho inception of the inverted > 
incandescent mantle, its use for such a ])urpos4‘ | 
as railway lighting was not very .successful, 
the vibration rapidly destroyed the mantle, and 
tho light, l)oing tlirown in an upward <hrection. 


As already mentioned, when oil gas w com* 
pressed into the receivers at a pressure of 
about 100 lbs,, about a gallon of liquid hydro* 
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' ciirbons separates from 1000 cub. ft. of gas, 
occasioning a fall in illuminating power of about 


riQ. 2. 

necessitated tho use of reflijctoi's. With tlie 
introduction, however, of the inverted mantle, 
it was found that the suspension of tho mantlo 
on its frame, which merely rested on catches 
forming part of tho nozzle of the burner, acted 
as a satisfactory anti-vibrator, rendering the 
mantlo far less liable to be effected by shock, 
whilst in tho event of an unusually violent jar 
breaking it, it is still held in position by a wire 
cage, which keeps it in contact with'the flame, 
and ensures a light until tho mantlo can be 
replaced. 

The high calorific value of oil gas, whicli 
averages 1000 B.Th.O. per cub. ft., or double 
that of London coal gas, enables it to bo burnt 
in very small atmospheric burners and mantles, 
so that a consumption of 0*0 cub. ft. per hour 
gives 24 candles of illumination, thus trebling 
the effleienoy of the lighting, whilst nearly 
halving the consumption. 

« Fig. 2 shows the arrangement of the lantern 

and burner as used for railway-carriage lighting, . . . v j i. ^ ^ 

whilst Figs. 3 and 4 show the genersd construe , 10 candles. This is also observed, but to a 
tion (A gas buo^ and bomers showing a flash smaller extent, in oompressing a rich coal gas. 

< This liquid contains as its main constituents 
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bonxene, toluene and hydrocarbons of the ethylene 
(GHHjn) group up to normal lieplylene, together 
with Homo nuphthonce and very small quantities 
of other bonr.cJiKnd hydrocarbons. 

The tar formed during the ordinary process 
of manufacturing od gas amounts to about 5 
gallons for each J00^> cubic foot of gas. But 
little use hjis becin foun<l for it. It contains 
only very small quantiti(« of phenols or basic 
constituents. Jn nmst cases, it js burnt beneath 
the retorts. Om; of tin* cliief points m Young s 
process of making (til giis was that the tar is 
entirely got rid of, and a very dense and valuable 
form of carbon obtained instead. V. B. L. 

GAS, PRODUCER, v. Fuhl ano Gas, 
Watkk. 

GAS WARFARE. The Hi-st atUmipt to use 
poison gas in modern warffire w’as made by the 
(iormans in April, MHO, when thiy liberated 
largo quantities of (.hlnriiic from cylinders of 
the ii(|Uolied g»us in the Vjires salient. An 
olliciont [irotection against it eonsisted of pads 
of cotton wool or a flannel bag soaked in solu¬ 
tions of sodium thiosulj)hato and i-arbonatc, 
eontaiiied in a helmet litti'd witli a nm a window. 
Subsequently, in Di'cernbor, M)10, tlie Germans 
made use of 'pho.v/i ue gas, for whieli sodium 
phenat(% mixed witli hexanK'thylonctctramine, 
containi'il in a box resj)irator, was found to bo 
a suitable protcolion. ‘ Activitated ’ charcoal, 
or charcoal and alkabno permanganate, have . 
also boon employed. Attacks by gas clouds 1 


' were soon replaced by ‘ gas slioils ’—that is, by 
shells containing toxic materials which conld 
bo vapourised or ‘ atomised * by the explosion. 
The first to bo used was the so-called ‘ tear ’ or 
‘ lachrymator ’ shell containing xylyl or benzyl 
bromide, afterwards replaced by the highly- 
poisonous tncUoromeihyl chloroformaie 
ClCOtK'Gla; by the ‘mustard gas,’ dichloro- 
dtethi/l Aiilphtde ((’H 2 C 1 (;H^)^S, which has no 
I inimediato effect upon the eyes beyond a slight 
irritation, but produee-s extromoly painful 
after-effects ; the eye-s swell and blister, the 
nose (lisehargf^s freely, and eougliing and 
vomiting occur. Direct contact with the skin 
' also produce.H bli.^tering, and the concentrated 
vajtour penetrates clothing. 

In addif ion to the-so substances, tho Gormans 
at various times made use of phenyl carbylaminc 
chloride, a ‘ lachrymator '; diphenyl-chloro- 
nrtnne, a ‘ sneo/ing gas’; allyl uodhiocyanate, 
hiominattd wcihyleihyl-lcdorie., dibromo-kefone, 
cMoropicrin, diehloro-mdhyhcther, and sulphur 
, fn'oxide.. In hand-grenades they employed 
bromo-aeeloiie, bjominc, chloro-aceJone, chloro- 
sitlphonie, acid, dni/ethyl sulphite, and mHhyU 
chloro-sxdphoitafe (Auld, .1. Wash. Acad. Sci. 
MH8, 8, 45; ,1. Soe. Chem. Ind. 1918, 127. B). 

'J’hc following table, from Moureu's La 
Chimie ct La (juerre (Masson et ('ie, Paris), 
gives a list of various toxic substances used 
. by tho Germans, with their physiological pro- 
I pertics, and tho dates of their first employment. 


Dato when Hist used 
on the Held ot battle 

fsanie of mihstance 

(diciiiieal formula 

Pliyslological 

action 

1915 

April . 

Clilonne (gas). 

<‘1» 

Suffocating 

June .... 

Hiommo (liquid) .... 

Br‘ 

Suffoi^ating 

June .... 

Ihm/.ylbromido (liquid) 

G«ll,- -GlI.Hr 

Lachrymatory 

July .... 

Bromoaeetone (liquid) . 

CJJ --t'O—(•il..»i 

Suffocating, 

August 



lachrymatory 

llletliyi <-hloro - suJphnnote 

so 

2<0('H, 

Suffocating 


(liquid) 

August , . 

('hlnionietii;^ 1 eliloi'oformate 

Cl—COOCHjCI 

Suffocating 

August . . . 

(lii{Ui(i) 


Bromoinetliyl ethylaeetone 

CHj_CO—CIlBi—CH, 

Suffocating, 

i9u; 

(Inpiui) 


lachrymatory 

July .... 

'rnehloronietliyl ehlorofonnate 

Cl—COOCCI, 

Suffocating 

December . . 

(liquid) 


Phosgene (gas). 

(X)Clj 

Suffocating 

1917 




May .... 

, Chloropicrin (liquid) 

CCI,NO, 

, Suffocating, 

July .... 

“ .Mustard gus ” (yprW-itc) 

latbrymatory 

Suffocating, 

.CI1,.CH,.C1 

^<CH..CJi;ci 


(liquM) 

lachrymatory, 




vesicant 

Soptcmlicr , 

Dijihenylchloro arsine (solid) . 
Mhenyl(U<’hlor() ar8inc (li(iuid). 

CjH.AhCi, 

C,H.f/:(':Cl, 

) Suffocating, 

1 sternutatory 

8oj)tcmbiT . 

Phonylcarbylamine chloriile 

Nauseous and 


. (liquid) 

toxic 

1918 

4- ’ » 



April .... 

Kthylarsinc dichlorido (liquid) 

('aHsAsCl, 

Toxic, 

April .... 

Kthylarsiiic dibromide (liquid) 

sternutatory 
! Toxic, 

I'gHjAsTlr, 

June. . . . 

Diphenylarsine cyanide (solid) 

sternutatory 
' Sternutatory 

(C,H,).A8CN 

<-'.h.-c.h. 

September . 

N*KthyloarbazoI (solid) . . 

: Sternutatory 

1 



\ 



NCjH, 

1 
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GAS, WATER, in tile term applied to the 
impure gaseous mixture oi hydrogen and oxides 
of carbon formed when steam is passed through 
incandescent carbon, an action which was 
probably discovered by Fontana in the eighteenth 
centu^, and was undoubtedly known to 
Lavoisier who, in 1793, noticed that when 
steam wm passed over incandescent carbon, 
hydrogen and carbon monoxide were produced. 

The first attempt to utdiae water gas on a 
commercial scale dates back to 1824, when 
Ibbotson sought to imTcasc th<‘ vol^nu* of gas 
distilled from iiis retorts by injecting steam into 
the red-hot coke, romaining at the end of the 
period of carbonisation. This idea has been 
revived on many occjisions, but so long as the 
horizontal retort remained in general use foc 
the purpose of distilling eoal, tlie process was 
found to 1)0 imjiractieable. With the introduc¬ 
tion of the vertical retort, however, the systiuu 
of ‘ st-carmng ’ was again e\p<*rimcnted with, 
and has now been fairly gmiorally ado})te<l witli 
a good deal of success. The. original practice of 
admitting the steam to the retort wlnui the 
greater part of the co.al gas iias b(“(.‘n evolved 
has given way to the more ellcclivo method 
of admitting a restricted quantity during the 
whole period of distillation. 

The extent of the water-gas industry in 
this country is slmwn by the statistics issued 
by the Board of Trade, which imlicate that 
annually approximately 24,(M)0 million cubic feet 
are generated. The number of gas works pro¬ 
ducing the gas is 148, of wliicli lOl are com¬ 
panies, and 47 undertakings belonging to local 
authorities. Tho world’s output of water gas is 
in tho neighbourhood of 120 miliion cubic feet 
per annum. 

When steam is jiassed tlirough a ma«s of 
heated carbonaceous material, the composition 
of the gas formed will vary with the tempera¬ 
ture, and, to a lcs.s extent, with other facti^rs, 
such na tho rate of flow and quantity of steam. 

It is found by e.xperimcnt that at tempora- 
luros about 000° the reaction is mainly : 

(J+2H2O-(^02 + 2Hj 

the quantity of carbon monoxide being small, 
whilst when 1(X)0" is passed, tho reaction more 
nearly approachas C-{-H.^<)=CO-f-H 2 . 

The products obtained vary with the tern- 
poraturo of the carbon in tho following manner : 

Teicentage conii>o8!tlon of 


Temperature 
of carbon 

HyJroijea 

resulting gas 
(Carbon 
dioxide 

Carbon 

monoxide 

600° 

66 

30 

4 

700° 

65 

29 

iS 

800° 

62 

23 

15 

900° 

54 

7 

39 

1000 ° 

60 

2 

48 


Tho value of water gas as a fuel largely 
depends on keeping tlio percentage of carbon 
dioxide and nitrogen os low as possible, and it 
is clear, therefore, that the temperature of the 
carbon in whatever form it is used, must bo 
kept at or above 1000°, and that a fall in tern- 
psrature below 900° causes a large increase in 
the carbon dioxide. 

It is also important, in order to keep down 
the percentage of car^n dioxide, to avoid any 
excess of steam over the quantity that can be 


decomposed by tho rod-hot carbon, as at 
peraturra above 900° some of tho carbon 
monoxide is oxidised by steam to carbon 
dioxide, according to the equation ; 

CO+HjO^COa+Ht 

a reaction, which, being reversible, is never com¬ 
pleted, but which causes a serious increase in 
tho volume of carbon dioxide in tho water gas 
if an excess of steam bo present. 

If, howc\ or, tho tomperaturo in tho generator 
bo maintained as high as possible throughout the 
ga.s-making ‘run,’ and it tho volume of steam 
IS caiffuUy adjusted, in practice a water gas 
is obtained with approximately the following 
composition :— 

Hydrogen . - . 52‘0 p.c. 

Carbon monoxide . . 38'5 by volume 

Carbon dioxide . . 4T> ,, 

Methane . . . I’O ,, 

Nitrogen , . .4*0 ,, 

Tlieoretieally, imdliano slioiild bo absent, 
but owing to tho inipossibility ot obtaining coke 
eutirolv fro<' from hydrocarbon bases, a small 
proportion ih always prc.seiit. It is possible, 
too, that catalytic action may account for a 
small quantity of this gas. In addition, 
Hulfdmit'ttod hydrogen is evolved to tho extent 
of about 120 grains per 100 cubic foot (0'02 p.c. 
by volume), while other gaseous sulphur com¬ 
pounds, chiefly carbon disulphide, are present 
in quantities amounting to from 10 to 15 grains 
per 100 cubic foot. Those impurities, however, 
are largely dependent upon the jiroportion of 
suljdiur in tho original coke employed. 

Tho systems which have been introduced 
for tho purpose of manufacturing water gas 
may bo (dossified under the following headings :— 

(1) Tho Continuous System. 

(2) Tho Intermittent System. 

(3) Tho Noat-Oxygen System. 

(4) Complete gasification of coal and coke 
' in one ofioration, whereby a mixture of coal 
i gas and water gas is obtained. 

Early attempts to manufacture water gas by a 
continuous process in which steam was passed? 
; through coke contained in an externally heated 
generator failed for the reason that to make 
water gas successfully the coke must be main¬ 
tained in a state of incandescence. Since the 
decomposition of tho steam absorbs more heat 
than IS emitted in the formation of the water 
gas, the coke charge cools more rapidly than the 
boat can be imparted to it through the fire-clay 
walls of tho generator. Accordingly, when the 
tomperaturc falls, the carbon dioxide is formed 
in such quantities as to rondor tho process 
uneconomical. 

In 1849 flillard introdu<cd a process iii 
which he adopted the entirely new idea of 
raising thp temperature of- tho carbonaceous 
fuel by Wowing aii^ on to it instead of heating 
it m a retort fired from without; having 
raised tho fuel to incandescence by its own 
partial combustion, ho then shut off the air 
supply and passed steam through the fuel, until 
the temperature was so reduced m to necessitote 
a fresh blowing up by air. It is this principle 
of ‘ blow and run ’ which has since been emploved 
in all the water-gas processes which have hod 
any claims to success. 
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After G illard’s tiine, iiu iiierouH other altcmptu 
were Diode to iiitrodueo water gan, but nothing 
ot importance wae dune until 1875, when Lowe 
and Tenui^; du Mutay, in America, jnaugnrated 
tlie prehont carburotted water-gas systems. 

A srientilic, and probably a not impractjc 


achieved a groat success, and was largely used 
as a substitute for coal gas under tne name 
of ‘.carburetted water gas.’ 

Tiio increase in the price of oanuel coal 
led English gas managers, in 1889, to turn 
their attention 'to the American practice of 
able, system js tl»at (uuboilyjiig the use of neat r mixing carburetted water gas with the coal 
oxygon. Tlie proctsMS is operated on continuoiiH | gas in order to raise its illuminating power, 
lines, and results m a gas practically free from TJk; process was adopted by the Gas Light and 
nitrogen, but containing t>0-70 p.e. of carbon ‘ (!oin|)any, and is now used as an auxiliary 
iiumoxido. St-oain is admitted to tlio liasc 1 to coal gas iii n<‘arl\ cnaTy large gas works in 
ot the ^emoalor in the ordinary manner; and ' (Jreat lirit|iu. 

along with it is passed a stream of pure oxygen . The rcasoii.s tliat piovonted the rapid pro- 
In this way, wlnlst steam is oombming wit h a | gross of the ‘ blue water gas,’ except for special 
portion of the earbori to form waUir gas, the ; }»ui puses, are largely to be found in its poisonous 
lioat lost by the endotherinici nature of the reac- ' ]»ropcrties and the uneconoinic conditions of its 
tions IH replaced ))y tlu^ exoliiennie combination ' manufacture at this period, 
of the (oxygen with part of tiio carbon. If It has been shown that in the formation of 
steam ami oxygon are regulated in ac(;oidan( i‘ ' water ga.s tlio perfect decomposition would be 
with theoretical leqiiireinents the process will, repreHent<Ml by the eipiation : 
proceed with little trouble. K. 1\ Ibctct has- l-t'O 

recently prop<>s(Ml to mnplov sucli a mixt uie, l , , , , 2 . i 

which 18 ttdmitt^'d through a lube of refiwtoiv > wi*ight oi Jiydrogen in burning to wa ei 

inatonal into tlm .••ontro of tho i-liargc in tli'c 1 ""t •il.-'j'IO oalunc-B, and an 2 units bum 

gonorator in sucli proportions that the tempera¬ 
ture ot the charge is maintained at about ItKKt'. > , . j; X 

Practically imre water ga-s w drawn oil and is ! Y'”’'' 7”^ 7 


to joim IK of water, the licat evolved during 
its production will b(i 34,500 2 = 00,0(K)calories: 
when the J8 units weight i 
decomposed, this amounf of heat will ogam 
lie alisorbcd. fn this ease, however, the water 
has had to be- converted into steam, and so 
coiitaias an amount of lieat capial to the latent 
boat of steam plus the heat used to raise it to 
the hoihng-pointi. 'rii(; latent heat of steam is 
1,1 .Iiu I„„.v I..K.I...U-. ~ I'l''- "nit "• water, and to 

iilanta WITH nistalli-d in Euro,,,, for wddinu ! "'I""tho heat nocossarj- to liniu: it up to 
tuliular hoilern mid other work of the »niiie i boiling-point, this is generally nailed BOO. 
oliaractor ' p*'<‘scnt case, we arc dealing with 18 units 

Eroni a hisloiieal point of view, it is interest- j »" the heat prisont in it will 

iiig to note that the genorafor then einploved j i*" 1100 x 111 — 10 , 8 ^ ealories. and the extra heat 
ennaisted ol a cupola fumiiee, about 20 Icet j """d up in doeeiiiposing the 18 units weight ot 
in height and 7 loot in diainoter. lined with (ire- i ''^Jrier will he 09,01)0—10,800-58,2(X) calories, 
brick, witli a eortstriction a Bliort distance' ' water having been decon^osea, ite 

above the hwirtb, the liro-briek being protected ®wen is available to bum the 12 unite ot 

at this point by a water-cooled ring An air ^ carbon to carbon monoxide, and ^ in doing 
blast was mlmitti'd below the wat^'r-eooled i tins one unit of carbon emits 2489 calories, 


scrubbed and stored in the usiiai way 

Tlie fact that water gas contains ever 90 j>.c 
combustible gases, wiiilst the ordinary pro 
ducer gas contains only 30 p.e., soon attracted 
the attentinn of some Euro)>ean enginei'i'ing 
lirmB, who reipiired an intense heat for welding 
purpoHC-s, and in tlio early eighties sevcrwl 


ring, and in about 10 minutes the ignited fuel 
<va8 raised to mcandesconce. The air blasl 
was thou cut olT, steam was admitted above 
the top of tho fuel, and paseing down through 
it. became converted into water gas, which 
oscaped by tlio same opening as that through 
whioli the air blast was admitted, this being 
opened and closed by moans of a water-cooled 
«fido valve of such constniction that it was 
impossible for any explosive mixture of water as lbs., 1 lb. of carbon, in decomposing 1*5 Ibe. 
gas and air l-o bo tonned. Tho water gas of st-eam to hydrogen and carbon monoxide. 


the 12 will yield 2489x12=29,868 calories. 
If tills be doduotod from the previous heat 
deficit, tho result is : 

- 68.200 
-i-29,868 

-28.332 

or a shortage of 28,332 for tlie 12 unite of 
carbon, or 2361 for one. If the unite be taken 


passed on to piiriliers, whieh removed sul¬ 
phuretted liydrogen and carbon dioxide, and 
the gas was then stored m gas holders. Tlie 
fuel was fed ml-o the generator at the top. 


uses up 2361 calories. In order to obtain this 
amount of heat, 1 lb. of carbon may. be burnt 
to carbon monoxide by an air blast, so obtaining 
2489 calories, so that, theoretically, it should be 


which was closod by a eon©; tho whole of the possible to got the required balance of heat by 
steam, air, and water-gas p^es being governed , burning liali tho fuel by an air blas^to producer 


by an arrangement ~of Itf’ver valves whieh 
rendered any explosive mixture impossible. 
This form of apparatus was installed at the 
Leeds Forge in 1887. 

The impure mixture of hydrogen and carbon 


gas, and by a steam jot convertiog the remaining 
half to water gas. 

In practice, however, the loss of heat taking 
place from the escape of the hot producer gae, 
radiation, &c., necessitates the sir blast being 


monoxide made by such processes bums with a continued until a far higher proportion ®f libe 
blue non-luminous flame, and is technically , carbon in the fuel has been consumed, and by 
known as ‘ blue water gas,* .to distinguish it j this process, instead of 60 p.e. of the carbon m 
from the mixture of water gas and oil gas j the luel being converted into watw gM, tM 
which, introduced in America in 1875, had actual amount varies in, practice from 26 to 80 



GAS. WATER. 868 


p.c. Ill other words, from throe to four times 
aa much coko is oonsumod during the ‘ blow ’ 
as during the gas-making ‘ run.’ 

In makir^ water gas by such proceeses as 
that which was employed at the Leeds Forge, 
fuel in the cupula is first raised to incandescence 
by the combustion of a portion of it under the 
influence of an air blast, an operation giving as 
a gaseous product a producer gas of the com¬ 
position : 


Nitrogen 

■ . 64-5 

Uarbon monoxide 

7 29-0 

Carbon dioxide 

4-() 

Hydrogen 

2-5 


A thousand cubic fool oi water gas contain, 
of combustible constituents :— 

Hydrogen . . ^ . 2-75 lbs. 

(Jarbon monoxide . * . 30'00 ,, 

and tlic thermal value will be, rejuvsentod by ; 

(2-75 X 34,500) (30 X 2435) ^ 1 ()7,025 calories 
Tiio thermal value of the 00 lbs. of carbon, 
however, used in making the water gas would bo : 

8137 X f>0= 188,220 calories 
In other words, the water gas formed has only 
just about 30 ji.c. of the heating value of the 
carbon from which it has boon formed, and 
this loss of 70 p.c. of the caloriHc value rendered 
the use of water gas as made by the old European 
process impossible, save for special purposes. 

When, however, tlic producer gas can be at 
once led away and burnt wluist hot for any 
purpose, anotlu^r 223,328 thermal units will bo 
produced, bringing the total oaloniic value of 
the two gases up to nearly 80 p.c. of the value 
of tho carbon used in generating tliem. 

Tf those conditions could have been satisfied 
in tho early days thorc is no doubt that water* 

f as would long ago have been highly successful, 
ut inasmuch as the producer gas is four times 
greater in volume than tho water gas made, 
and as the gases are produced intermittently 
and not continuously, the difficulty of utilising 
both was almost insurmountable, as, if storage 
had been provided for tho producer gas, tho 
gas holder room required would have been 
enormous, whilst allowing it to cool down would 
have rendoR^d it hardly worth burning. In 
some tow of the later installations, the producer 
gas has been successfully used in firing boilers 
and other work of the same charac'tor, and in 
this way tho efficiency of the manufacture of 
^ blue ’ gas has been greatly increased. 

When the manufacture of cafl>urett«l 
water gas was first successfully carried out by 
Lowe and Tessi^ du Motay, it became at once 
apparent that the producer gas, the Ic^s of 
wmoh had crippled all water-gas processes, 
could be utilised in raising chaml^rs fmed with 
chequer brickwork to the high temperature 
needed to decompose tho oils, and so furnish 
the oil gas which, when mixed with the water 
gas, rendered the latter luminous. It was, by 
thus making the carbhretted water-gas plant a 
perfect heat machine, that its greatest success 
was achieved, as in raising the fuel to incandesc¬ 
ence the producer gas, with all its heat in it, 
was at once burnt with a fresh supply of air 
in the super-heating chambem, the practical loss 


of heat taking place throughout the whole 
apparatus being reduced to a minimum. 

In all attempts to make water gas prior to 
1896, the incanaosoence of the fuel was always 
attained by using tho air blast with so deep a 
bed of fuel that the carbon monoxide and 
residual nitrogen of the air formed the chief 
gaseous products. It must be remembered 
that when I lb. of carbon combines with oxygen 
to form carbon monoxiilo, as when formiug 
producer gas, only 2489 calories are developed, 
whilst if air be present in sutlicient quantity 
to burn the carbon complet<dy to carbon 
dioxide, the amount of heat winch is evolved 
is 3*27 times as great, i.c. 1 1b. of carbon gives 
out 8137 calories. 

A process was devised by Mr. Oarl Doliwik, 
m which this fact was utilised by adjusting 
tho air supply, and by keeping the level of the 
ineandoscout fuel in tho generator at a nearly 
constant height. 

Under those conditions Dellwik <'laimod tliat 
producer gas ceased to exist as a by-product, 
so tliat the gases resulting from Ihe ‘ blow ’ 
consisted merely of incombustible products, 
with a eorrespoiidiiig saving in fuel. It may be 
said, however, that although in jiructico tho 
quantity of carbon monoxide present in the 
‘ blow ’ gases was certainly reduced in Hellwik’a 
plant, it was never possible to obtain a gas 
entirely fr(!(; from it. The chief advantage of 
this type of apparatus was the proportionate 
mcroasc obtaimnl in the gas-making period 
owing to the reduction effected in the period of 
blowing. 

In the old ‘ European’ proews, it was 
necessary to blow for nearly 10 minutes to 
bring the fuel bed up to the right temperature, 

! whilst the period during which the incandescence 
J was sufficiently great to decompose the volume 
; of steam used, limited steaming to 4 or 5 
i minutes, whereas in the Hellwik process, tho 
period of blowing rarely exceeds 2 minutes, and 
it is possible to steam for about 7 minutes, 
much depending upon the nature and condition 
of tho fuel. 

Tho Dellwik generator consists of a sheet- 
iron shell, lined with liro-brick, which contains 
the fuel—coke; below the grate level is tho 
valve for the air blast, whilst steam can be 
admitted either at the top or bottom of the 
generator. The water gas is provided with 
two outlets, one at the top and the other at the 
bottom, connected by a three-way valve. A 
central stack valve, geared with tho air-blast ^ 
valve, allows the products of tho ‘ blow ’ to 
pass away, and through it the fuel is fed into 
the generator. In practice, the generator is 
: filled to the proper level with coke, which is 
blown up to incandescence with the air blast, 
the products passing off through the central 
stack. When the right temperature is attiuned, 
the air^s cut off, the central valve being simul¬ 
taneously closed, and steam is admitted at a 
carefully r<^ulatcd rate, which, jiassing either up 
or downwards through the coko, is decomposed, 
into water gas. The gas escapre at either of 
its outlets into a scrubber, where it meets with 
a stream of water trickling over coke ; this 
cleanses and washes the gas, which in then 
stored in a bolder. When the temperature of 
the fuel has fallen to a point at which carbon 
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dloxidv w foniird in cxcws, tiio steam is shut 
off, and the fuel again raised tu bright incan- 
doseenco by th(5 air blast. 

Anotlusr water gas profess, chiefly employed 
for the inanufactun' of ‘blue’ gas, is that due 
to Kranuirs and Aarts. Tliis process originated 
on the ('oiitinent, lint sovera! installations are 
now in operation in this eountry. The novelty 
m this upjiaratus consists m having two genera¬ 
tors with a regenerating idminher lilliMl witli 
(diequer lirickwork behiii<l them, so that when 
the eoko in th(‘. generators is being raised to 
mcandeseenee by the air blast, any carbon 
monoxide that it may contain can be burnt by 
an extra air sujijily in flu; r(‘geneiating eliamber 
to heat the eliecjuer work, so that the jiividucts 
escaping up tin? c!nnm(‘y eonsistr of tin* pro¬ 
ducts of complete eomhustion only, and the 
boat whieli they eontfim is further utilised to 
raise the tempeiatiiK* of tlu^ e.vtra air reiimn'd 
lor the eomhustion ri tlu^ gi'iieiatm’. \Vhen 
the right teinjaMiit uri^ of t lie fuel in lliegfUMTators 
has ixKUi attaimsl, st^i'am is blown m at the 
bottom of the first generator, th(‘ steam being 
in excess; the resulting mixture of hydrogen, 
earhon ihoxide. <-arb<in monoxide, and steam is 
thou pjussod through the regcuierator, wlien* 
it IS highly heate<l, and traverses the second 
generator, entering at the top ami juossing 
downwards througli th(‘ coke. Ily this arrange¬ 
ment, tlie carbon dioxide produced by tlio excess 
of et<'am in the first- gmierator becomes reduced 
to carbon monoxide, wlnlst any excess of steam 
is also decomposed into hydrogen. Inasmuch 
as in this geiuTator the hotU'st jxirtion of tlic | 
fuel will bo at tlu' bottom, where the air blast j 
has come more' thoroughly in contact with it, | 
the gases finally leaM' tlie mass of fuel at the ! 
point of highest tenqierature. i 

it is well known that when steam is forced ; 
in a contrary direction to tliat. m which the I 
air blast has Ikmmi driven through the generator, i 
the proportion of caibon dioxide is alwa'^s less ' 
than when the steam passes in the same direc¬ 
tion as the air blast, and tliis ]irineiplo has been 
used in many forms of generator. 

The alt-i'rations that have taken place 
during the last few years in the munufactnro 
ot water gas have practically doubled the pro- ; 
duction of gas per unit weight of fuel used m ! 
the generator. The ri'isult of several yeam' 
practical working at the Leeds Forge with the 
old ‘European* generator, in which during tlie 
‘blow' producer gas was formed, gave as an 
average 34,(KX) cubic feet of water gas per ton 
of eoko in the generator, but when this was 
replaced by the Dollwik generator, it was 
found that the gas eoko of reasonable (juality 
and not containing more than 8 p.c. of ash, 
tlio yields rose to over t)5,(XK) eubie leet per ton, 
and under special conditions as much as 70,000 
cubic foot could bo made. 

(*08 coke is the fuel most often employed 
in this country in the generator, and. for 
effective working, attention should be paid to 
the size of the coke used. Small sizes can be 
used only in the smallest generators, and if the 
coke is too much crushed or contains dust, the 
dust chokes the air spaces between the pieces 
ot eoko and forces the blast and steam to form 
ohannets, so lessening the surface of the incan¬ 
descent fuel expiwed to the rapidly flowing 


gases. At tlio same time, the coke must not be 
too largo, as that again reduces the surface 
exposed per cubic foot of generator space. If 
it is possible to select the size of coke for any 
ordinary-sized generator, coke which will not 
pass l-iirough a 3-meh mesh, but will pass 
through a 5-nu;h, will give an exposure of about 
10 square feet per cubic foot of generator space, 
W’lnlst if tlu* size be reduced so that it will not 
pass through a I mcsli. buf. will pass through 
a 2i, thcHurfuec of fuel exjiosed is nearly doubled, 
and a mix/»ur<‘ of t}ieK<' two sizes will, with 
any ordinary ginuirator, give tlie bewt results. 

Tli<‘ eonsumjilion of stoam, .os found in 
practice, for the. nmnufacl-ure of water gas, 
usually amounts to from 27 to 30 lbs. per 
1000 cubic feet of gas generated. As regards 
till' (|uantitv of coke uhimI m the goneralor this 
vanes m acc ordaru o wdtli tlu' tyjie of jilunt iii 
use. \^']tjl ap[)arat us of tlie Jjow'e type a figure 
ot .‘If) ll>.s of coke ]U!r 1000 cubic fi'ct of gas is 
probably tlu' most faxouiabh', but some rcduc- 
I tion on this may lie expected in {lio.se cases 
' where tlm iian cfike is extracted from the 
I generator rcdiise. an<l deducted from the total 
wmglit of eokc shot into the generator. IMants 
designed e.«sentiaHy for the production of ‘ blue ’ 
gas an^ gimcrally able to economise in the 
direction of tucl, and figure-s so low as 25 lbs. 

I of c<)ke [ler 1000 cubic foot have been obtained. 
Tlieso liguroH, as in'the ease of that given for 
the Low(‘ jilant, ar<‘ exclusive of the fuel required 
in the boilers for steam raising. The stcam- 
raismg plant will, witli the mixture of breeze 
and coke usually employed on gas works, require 
an additional 12 to 15 lbs of fuel per 1000 
cubic feet of gas made. 

The cost of manufacturing wat(‘r gas must, 
of course, largely depend upon the jircvailing 
value of the raw materials eniployeil, and more 
especially {m the case of the carburetted gas) 
upon tlie co.st of the oil utilised. The oil, in 
fact, in normal times, may rcmrcBent from 
50 to 05 p.c. of the total cost, and mr this reason 
it will be appreciated that the manufacture of 
‘ blue ’ gas is a very much less costly undertaking 
than is the case with a carburetted gas. The 
conditions brought about by the European 
war wore responsible for drastic changes in the 
degree of i-arbiiratioa whicli was possible, for 
whereas, just prior to the outbreak of hostilities, 
the oil could be obtained for little more than 
j 2d. per gallon, it rose, after 34 years of war, to 
nearly 1/?. (id. per gallon. In fact, its scarcity, 
owing to the shipping position, was such that 
gas conipanies throughout the country were 
rationed in the way of supplies. 

The cost of manufacturing earburett^id water 
rose during the war to nearly 2iS. per 1000 
I cubic feet, in spile of a reduction in carburation 
amounting to 50 p.c. That price, however, was 
largely artificial, and cannot be taken as indica¬ 
tive of normal expenditure. For this reason the 
analysis of costs prevailing just prior to the 
war is given on p. 3C5. 

The cost of ‘ blue ‘ water gas will be prac¬ 
tically in agreement with the above after the 
chaises for oil have been deducted, while, so 
far as residuals are concerned, there will be no 
revenue from tar. On this basis it will be 
seen that ‘ blue * gas costs • approximately 
8*0d. per KKX) cubic feet. As regards capitm 
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p.c. Ill other words, from throe to four times 
aa much coko is oonsumod during the ‘ blow ’ 
as during the gas-making ‘ run.’ 

In makir^ water gas by such proceeses as 
that which was employed at the Leeds Forge, 
fuel in the cupula is first raised to incandescence 
by the combustion of a portion of it under the 
influence of an air blast, an operation giving as 
a gaseous product a producer gas of the com¬ 
position : 


Nitrogen 

■ . 64-5 

Uarbon monoxide 

7 29-0 

Carbon dioxide 

4-() 

Hydrogen 

2-5 


A thousand cubic fool oi water gas contain, 
of combustible constituents :— 

Hydrogen . . ^ . 2-75 lbs. 

(Jarbon monoxide . * . 30'00 ,, 

and tlic thermal value will be, rejuvsentod by ; 

(2-75 X 34,500) (30 X 2435) ^ 1 ()7,025 calories 
Tiio thermal value of the 00 lbs. of carbon, 
however, used in making the water gas would bo : 

8137 X f>0= 188,220 calories 
In other words, the water gas formed has only 
just about 30 ji.c. of the heating value of the 
carbon from which it has boon formed, and 
this loss of 70 p.c. of the caloriHc value rendered 
the use of water gas as made by the old European 
process impossible, save for special purposes. 

When, however, tlic producer gas can be at 
once led away and burnt wluist hot for any 
purpose, anotlu^r 223,328 thermal units will bo 
produced, bringing the total oaloniic value of 
the two gases up to nearly 80 p.c. of the value 
of tho carbon used in generating tliem. 

Tf those conditions could have been satisfied 
in tho early days thorc is no doubt that water* 

f as would long ago have been highly successful, 
ut inasmuch as the producer gas is four times 
greater in volume than tho water gas made, 
and as the gases are produced intermittently 
and not continuously, the difficulty of utilising 
both was almost insurmountable, as, if storage 
had been provided for tho producer gas, tho 
gas holder room required would have been 
enormous, whilst allowing it to cool down would 
have rendoR^d it hardly worth burning. In 
some tow of the later installations, the producer 
gas has been successfully used in firing boilers 
and other work of the same charac'tor, and in 
this way tho efficiency of the manufacture of 
^ blue ’ gas has been greatly increased. 

When the manufacture of cafl>urett«l 
water gas was first successfully carried out by 
Lowe and Tessi^ du Motay, it became at once 
apparent that the producer gas, the Ic^s of 
wmoh had crippled all water-gas processes, 
could be utilised in raising chaml^rs fmed with 
chequer brickwork to the high temperature 
needed to decompose tho oils, and so furnish 
the oil gas which, when mixed with the water 
gas. rendered the latter luminous. It was, by 
thus making the carbhretted water-gas plant a 
perfect heat machine, that its greatest success 
was achieved, as in raising the fuel to incandesc¬ 
ence the producer gas, with all its heat in it, 
was at once burnt with a fresh supply of air 
in the super-heating chambem, the practical loss 


of heat taking place throughout the whole 
apparatus being reduced to a minimum. 

In all attempts to make water gas prior to 
1896, the incanaosoence of the fuel was always 
attained by using tho air blast with so deep a 
bed of fuel that the carbon monoxide and 
residual nitrogen of the air formed the chief 
gaseous products. It must be remembered 
that when I lb. of carbon combines with oxygen 
to form carbon monoxiilo, as when formiug 
producer gas, only 2489 calories are developed, 
whilst if air be present in sutlicient quantity 
to burn the carbon complet<dy to carbon 
dioxide, the amount of heat winch is evolved 
is 3*27 times as great, i.c. 1 1b. of carbon gives 
out 8137 calories. 

A process was devised by Mr. Oarl Doliwik, 
m which this fact was utilised by adjusting 
tho air supply, and by keeping the level of the 
ineandoscout fuel in tho generator at a nearly 
constant height. 

Under those conditions Dellwik <'laimod tliat 
producer gas ceased to exist as a by-product, 
so tliat the gases resulting from Ihe ‘ blow ’ 
consisted merely of incombustible products, 
with a eorrespoiidiiig saving in fuel. It may be 
said, however, that although in jiructico tho 
quantity of carbon monoxide present in the 
‘ blow ’ gases was certainly reduced in Hellwik’a 
plant, it was never possible to obtain a gas 
entirely fr(!(; from it. The chief advantage of 
this type of apparatus was the proportionate 
mcroasc obtaimnl in the gas-making period 
owing to the reduction effected in the period of 
blowing. 

In the old ‘ European’ proews, it was 
necessary to blow for nearly 10 minutes to 
bring the fuel bed up to the right temperature, 

! whilst the period during which the incandescence 
J was sufficiently great to decompose the volume 
; of steam used, limited steaming to 4 or 5 
i minutes, whereas in the Hellwik process, tho 
period of blowing rarely exceeds 2 minutes, and 
it is possible to steam for about 7 minutes, 
much depending upon the nature and condition 
of tho fuel. 

Tho Dellwik generator consists of a sheet- 
iron shell, lined with liro-brick, which contains 
the fuel—coke; below the grate level is tho 
valve for the air blast, whilst steam can be 
admitted either at the top or bottom of the 
generator. The water gas is provided with 
two outlets, one at the top and the other at the 
bottom, connected by a three-way valve. A 
central stack valve, geared with tho air-blast 
valve, allows the products of tho ‘ blow ’ to 
pass away, and through it the fuel is fed into 
the generator. In practice, the generator is 
: filled to the proper level with coke, which is 
blown up to incandescence with the air blast, 
the products passing off through the central 
stack. When the right temperature is attiuned, 
the air^s cut off, the central valve being simul¬ 
taneously closed, and steam is admitted at a 
carefully r<^ulatcd rate, which, jiassing either up 
or downwards through the coko, is decomposed, 
into water gas. The gas escapre at either of 
its outlets into a scrubber, where it meets with 
a stream of water trickling over coke ; this 
cleanses and washes the gas, which in then 
stored in a bolder. When the temperature of 
the fuel has fallen to a point at which carbon 
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Tims, witli a niefliuin-si/.ed plant, making 8000 
cubic feet durjiig a five-minutes’ ‘ run,’ the tt)tal 
air posHod should lio between 4<X)0 and 6000 
cubic foot per niiniiU*. (tinkering on wator-gas 
plants must he ejunod out at frequent intervals, 
lor if orn o tin? mass is permitted to accumiilato 
it will gtadually arch over in the genorat-or iintd 
the iatl-oi IN ainiost cojiipli'tely chok(?d. With 
tli(5 Lowe jdaiits it is advisable to perform the 
ojioi’atiori at mtervals of 4 hours, although in 
CiwajH wln^^■() a good quality coke is jirocurable 
the period may bo jirolonged to O hours, 

f)urmg recent years there has been some 
tendeiiey towards the uiodiJication of water- 
gas plant, with lln^ rtwult that in some instances 
apparatus of a iiovid ('haraeter is to be found 
at work. One sueii instance is the plant for the 
production ot what is toehineally known as 

* methane-hydrogmi ’ gas, a somi-water gas 
(uiriched hy iiK'ans of (‘oiil gas tar. One of th(' 
most iriterestuig jilants. how<‘ver. which has 
been erected at. a number of gasworks in 
tins country is that which is designed to gasify 
'•ompIet.ely both coal and eoke m a single opera¬ 
tion. The syslcirL was originally suggested by 
Or. StraclH! of Vienna. an(l has Loon developed 
in this cf»untr\' on lines similar to the German 
piocess (Wl IS charged into tlu! upper portion , 
of the generator wdiich in reality eonhjrms to a | 
verti(‘a) reUirt. 'riiis coal gradually works its [ 
way down tlie riitort, being luirbonised mean- : 
whih‘ by a st team of hot. water gas issuing from 
the generator Hit.ual.od at the base of the vessel. 
Tbo coal should be rodiu'od to the (anulition 
of ordinary ^-oki- by t he time it has passoil t wo 
thirds of the way down the ix'lort, and it then 
drops inl.o the water-gas generator Thus, 
during the ‘ run ’ watcu- gas is being evolved 
from' the eoke and eoal gas from tin* coal, the 
two gosm interim.xmg and jnussing out at. the 
top of the generator. In this way, by the 
complete giisihcatum of both eoal and Coke, 
about. 00,000 cubic feet of gas having a gross 
calorific power of about ilSO H.Th.lk per cubic 
foot may be obtained from a ton of eoal. 

• In addition to being used as an auxiliary to 
eoal gas, blue water gas is applied, with very 
satisfactory resulte. to the welding of plates 
.and heating of turnai'es and forges; this 
method has proved ot groat practical ati- 
vantago in welding tuhe,s Im gas. water, and 
steam mams, for boiler wotk, and also for 
melting steel. Tests conducted liy the Ad¬ 
miralty show the strength of a ‘ blue ’ gas 
weld to be equal to that of the plate. Having a 
very much higher calorific power than producer or 
suction gas, ‘ blue ’ water gas may be u.scd for 
driving gas-engines, the consumjitioii being 
about 35 cubic feet per H.H.l*. hour. 'Die con¬ 
sumption of tirdirmry suction gas is about 
SO cubic feet per B.H.lk hour. No water gas. 
however, is entirely satisfactory when ^nsed fur 
power, for the large proportion of hydrogen 
prevents high compression in the cylinder of 
the engine. 

By far the most impoi-tant property of blue 
gas is its exceedingly high dame temperature ; 
and Dr. Roeiwlor has found that by admixture 
with heated air a temperature considerably 
abo\'e the melting-point of platinum may be 
easily obtained. Under general conditions, 
however, the temperathro of the hottest port 


of the flame is about 2800°“3000“F. It is 
owing to this property that blue gas is applicable 
to such processes as welding, forging, ahd 
boating furnaces. 

In all processes of the aliovo kind, there is 
no necessity to purify the gas from sulphuretted 
hydrogen—merely an ordinary water-scrubber 
is used. It is, in fact, an advantage to leave the 
gas unpunfied, for it then has a distinct smell, 
and any escapi; may be quickly perceived. 
Thus one of the greatest drawbacks to blue 
gas—its frOcdoiu from smell—is more or less 
overcome. It will he remembered that in 
(Germany it Inw, in some cji^ies, been thought 
advisable to impart a distinct odour to tho gas, 
by passing it through a heavy liydrocarbon oil, 
su(;h as mercaptan. 

A process for which water gas may be 
j employed, and one which will probably be 
I largely developed in the future, is that of pro¬ 
ducing hydrogen. This is done by liquefying 
or freezing out all the other constituents—the 
hydrogen, which, of eouisc, liquefies at a much 
lower temperature, being left behind, while a 
more modern method relies on catalytic reaction, 
hy means of whieb the whole of the carbon 
monoxide i.s converted to carbon dioxide. 'J'ho 
(JOo IS then readily removed by means of lime 
or washing with water under pressure. 

(Vinont manufacturois make use of water 
gas, which jH introduced into the revolving 
kiln for the finishiiig-ofl process, and tho gas 
finds its way into the bnck-makmg industry. 

A. M. 

I GASEOUS FUEL v. Fuel. 

GASES, BLAST FURNACE, i. Fuel. 

j GASTROSAN. Trade iiaino for bismuth 

1 bisahcylate. 

I GAULTHERIA OIL r. Oils, Essential. 

I GAULTHERIASALOL. Trade nann^ for 

methyl salicylosalicylato. 

’ GAULTHERIN v. Glucosihes. 

GEBLITOL. Sodium fujdro-^uljdnie. Used 
as a disinfectant. 

GEDDA GUM v. Gums. 

GEISSOSPERMINE v. Fereibo bark. 

GELATIN, Gelatin, the purest form of glue 
may bo obtained by the action of hot 
water or of water in presence of dilute acids, on 
intercellular connective tissue such as the skin, 
tendons, muscles, &c. Hoofs, bones, intestine, 
bladders, fishbones, &c., are also made use of 
for preparing crude gelatin. 

According to the process employed by 
Nelson, the parings, &c., of Rkins are scored on 
their surface, and arc digested in a dilute soda 
ly^^ for 10 days. They are then digested at 
in an air-tight, cement-lined vat, and are 
washed with cold water in a revolving cylinder, 
and are bleached by means ot sulphurous acid 
gas. After being freed from moisture by 
pressure, they arc digested with water in 
earthen vessels enclosed in steam chests, and 
the resultant solution is strained at i00®-120®F. 
It IS then solidified in a thin layer on a marble 
slab, and is washed free from acid, redissolved 
at the lowest possible temperature, and dried ^ 
thin sheets on nets. According to the procees 
employed by Cox at Gorgie, near Edinburgh, 
the hides, of which the Moulders and cheeks 
are preferred, are washed, out up uid pulped 
by special machinery. The pulp is pressed 
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between rollers, and is mixed with water and 
heated from 150® to 212°F. A little cow’s 
blood is added to the gelatin solution tlnis pro¬ 
duced, at a temperature not exceodinK 170®F., 
and the solution is further heati^d, scum 
produced by coagulation of the blood albumen 
oei^ skimmed off. The pure solution re¬ 
maining is run off and solidified. As prolonged 
heating impairs the gelatinising power of 
gelatin, it is preferably dried in mci<6. 

Several otl\or processes, not ddh'.ring widely 
from the above, are also employed. ^ mixture 
of vegetable and animal charcoal is sometimes 
used for purifying dark solutions. (Jelatin may 
also be extracted from bones (wliji’h yu'ld one- 
third of their weight) by causing water to trickle 
over crashed bones, through whu-h steam is 
constantly passing (r/. tlLUE). 

Isinglass, the dned swimming bladder of 
fish, usually contains from 8<l to 93 p.c. of 
gelatin. Russian isinglass is prejiared by cutting 
open and washing iho bladdiu* ami i^xposing li 
to the air with the delicate silvery inrn'r mem¬ 
brane turn<‘(l upwards. Tliis inombrano la 
stripped off, kneaded m damp cloths and dried. 
According to Martin, the biadclcrs are first 
cleansed from blood in hot water, and are cut 
ojien and exjiosod as above, the inner iiiembraiio 
•hei^ finally remosed by b<*ating and rubbing. 

The vanetios of isinglass are known by 
special names dependent on the place of pro¬ 
duction and their appearance. The Russian 


varieties are obtained from the sturgeon ; lira- | have not. that power. 


pally depends, ao that the preparation ia usually 
conducted at as low a temperature and as rapidly 
as possible. 

Gelatin is soluble in concentrated acetic acid 
and in mineral acids, and loses its gelatioiaing 
power, but the solution forms a powerful oemc^ 
for glass, &c. Dumoulin’a liquid glue oonsiata 
of a solution of 2 lbs. glue or gelatin in I quart 
of water and 7 ozs. nitric acid (1*355 sp.gr.). 
Gelatin is also soluble in alkalis, and the solu¬ 
tion, as well as the acid aolution, is Isevo- 
rotatory. 

Gelatin is precipitated from solution by tannic 
acid, forming tannate of gelatin, sirailar in com¬ 
position to leather, but not capable of employ¬ 
ment 08 a substitute for that material on account 
of its want of structure. A saturated solution 
of jiieric acid eompIet*“ly precipitates gelatin 
at 8' (I. A mixture of saturated picric solution 
wi(,li 4 parts alcohol precipitates other proteins, 
but not gelatin, an<l this fact has btMjn applied 
to a method of estimating gelatin in presence of 
otlior prott'ins (Berrar, Biuchom. Zeitech. 1912, 
47, 189). 

< rclatin IS also ’ tanned ' by halogens; 
10 grams are macerat/<!d at 0® in 500 o.c. of 
chlorine solution in 10 p.c. NaOl, or with 100 o.c. 
oonimcrcml sodium hypochlorite solution diluted 
to 500 e.c , and containing 2 c.c. hydrochloric 
acid, wli(‘ii an insoluble compound is formed. 
Corrosive sublimate also precipitates gelatin, 
but Iea<l acetates and potassium forrooyanido 


zilian (sometimes known as (Bayonne) from the 
Silurus Parkcrii ; Manilla and Kast Indian from 
an uncertain source. The bhulders of cod, liakc, 
and other fish arc also employed. Lump, jitye, 
and purse isinglass are obtained from the un¬ 
opened bladder, and leaf and honeyemnb from 
the cut and opened bladder. Long or short 
staple and hook and ribbon isinglass are respec¬ 
tively twisted, folded in packages, and rolled out. 

Pure gelatin is an amorphous, brittle, trans¬ 
parent, tasteless, inodorous body, neutral to f/ost 
paper, and absolutely permanent in dry air. it 
is heavier than water, and is insoluble m alcohol 
or ether. 

It contains about 60*0 p.c. of carbon, 6*(i p.c. 
of hydrogen, 18*3 p.c. of nitrogen, and 251 p.c. of 
oxygen. According to Mulder, calcium phosphate 
is always present. Schlioiier finds sulphur in 
bone and ivory gelatin to the oxtontof 0’l2-0d4 
p.c. Von Bibra has also found it in bone 
gelatin, and Hammersten (J. Pharm. (’him. 

' 9, 273) has found about 0*7 p.c. of sulphur in 
fine commercial gelatin. 

When moist or in solution, gelatin rapidly 
putrefies, and possesses the characteristic pro¬ 
perty of becoming -acid at the commencement of 
the change, although ammonia is finally evolved. 

When steeped in water, gelatin takes up from 
6 to 10 times its weight of water, a sumciont 
(^antity to dissolve it when warmed to 30®. 
When immersed in dilute HCl, the volume of 
liquid absorbed and the concentration of anion 
in the jelly, depend, at a given temperature, on 
the ionisation and concentration of the acid 
(Procter, Chem. Roc. Trans. 1914, 313). 

A solution containing only 1 p.c. of gelatin 
becomes a jelly on cooling. Prolonged or re¬ 
peated heating reduces ana finally destroys this 
pw^rty, on which the value of gelatin princi¬ 


By jirolongod boiling with hydrolytic agents 
such as sulphuric acid, gelatin yields a high 
percentage of glycine—leucine, proline, oxypro- 
line, but no trytophane, cystine, or tyrosine 
(Levone and Beatty, Zoitsch. physiol. Ghem. 
1906, 31, 165). 

It gives a weak positive Millon’s reaction; 
the xanthoproteic, biuret, and Mollisch’s tests 
are positive; the Adamkiewicz tost is negative. 

The value of gelatin as a food is somewhat 
doubtful. Gelatin prepared from bones was 
largely used by the soldiers and poor of France 
during the first Revolution, but tho idea that its* 
large proportion of nitrogen renders it valuable 
as a tlesh-formor appears to be erroneous. It ia, 
however, of limited value as a hoat-producer 
instead of fat and carbohydrates. 

Gelatin differs but little in appearance from 
clumdrin, which is obtained from cartilaginous 
tissue, but has a niuoh higher gelatinising power 
than that substance. Gelatin almost invariably* 
contains chondrin, and, when the proportion of 
that substance is high, is of considerably lees 
value, especially for the ijrcparation of photo¬ 
graphic emulsions, which require a maximum of 
tenacity. 

Chondrin is precipitated from aqueous solu¬ 
tion by acetic acid, and is not soluble in excess. 
Lead acoiates, alum, and the sulphates of iron, 
aluminium, and copper also precipitate chondrin. 
A rough teat for the presence of chondrin in 
gelatin, useful for photographic work, consists in 
adding a concentrated solution of chrome alum 
to a 10 p.c. solution of the gelatin in hot water. 
If an injurious amount of chondrin be present, 
the gelatin will set whilst hot. Most photo¬ 
graphic gelatins, however, contain but 
chondrin. 

In judging the value of gelatin, especially for 
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photography, the following propertiee and t<»t8 i isinglass is usually employed. It is * cut ’ or 
will he useful: (I) The ash, according to Eder,' dissolved in sulphurous or other acid before use. 
varies from | p.c. in good, to 5 p.c. in inferior, j I. S, M, 

and 10 p.c. in adulterated varieties. According GELATIN-DYNAMITE v. Explosives. 
to Abney, however, excellent photographic gela- I GELIGNITE r. Explosives. 
tins Honietimes contain a.‘» mucli as 2’5 p.c. i GELOSE r. Aoah Aoah, art. Goms. 

(2) A good gelatin will take up from 5 to 10 times i GELOXITE v. Explosives. 

its weight of cold water when soaked, i.c. suffi- j GELSEMINE a crystalline 

cicni to disHolv(‘ it. f)n warming to 30 '. (3) The | alkaloid occurring in the root of American wild 

Holubihties of gelatins vary <‘onsid(‘ral>ly. Nel- j jasniiiu! OV-/.sT?Hi/oa..sc/a/j(ri5ir<.7J.s'(OVl.'fmii, Radix 
son's No. 1 will dissolve in the* oniinaiy ‘ eolil ’ li.P. ; (Hiist miiivi, U.S.R.), (Ait.) along with 
water in warm wiNitliiir. and H<‘arc(5ly sets at g(‘lseiniiii/*e and a third alkaloid, the two latter 
75''E., whereas (Joignet's gold label only imdts being ainorplious and yudding amorjihous 
at about 110'F., and sets rapidly. For orilmary j derivatives (Wormley, Aim*r. J. Pharm. 1870, 
photograpliK' innidsions, Abney rintommends a 42. 1; Sonnens<lu-in, Her. 187t>, 9, 1182; 
mixture of ‘ hard ’ and ‘ soft ’ gelatins in proper- ■ (Jeriard, Pharm. d. 1882-1883. [in. ] 13. 502. 041 ; 
tionn depcndiiiit on the weather, a good mixt ure I'J’ljomp.son, ihul. 18H0-J887, [lii.] 17, 805; 
containing I part, of the former to 3 of the latter, j Spiegel, Per. 1803. 20, 1045 ; (hrshny, ihid. 
(4) 'rile amount of fat in the gelatin should be j 1'725 ; (Joeldner, Ih J*li. G. 1805, 5, 330). The 
estimatiod by precipitating tlie gelatin by addition I roots have lieeii re-(‘xamined by Moore ((!hem. 
of alcohol io tlio solution. Patty matters are See. I’rans. 1010, 07, 2223; 1011, 00, 1231). 
b(wt r(!m<*v(al by skiininnig the solution or by i 'rin' tliii<l alkaloid, .'^cmpffviriiir, is little known 
making a jelly and removing the top. (5) 'I’Jie ' (i^tovenson aiul Sayre, .1. Amcr Pharm. Assoc. 
»-olour of the solution, the tenacity of a jelly of 1015. 00). 

known strength, and the pn‘sence or absence of ; (‘rystalhses from ac(d/one in 

acid, winch is frequently present ni .Muflicient. ■ gli.stening piisnis containing 1 mol. of 
i|uantily to be ilistmguislied by taste, should acetone, melts at- 178", and has iatj) 1 15dP in 
also be not<’d. eddoroform. 'I’lie .salts crystallise well, B'H(3, 

Isinglass, nltliougli free from cbondnri. is ' ,n.p. .300 ', small prismsP-HNOa. m.p. 280^', 
not available for photograpliic purjx.ses on ac- »l,sfenmg prisms, (hdsemnie hydrochloride is 
lamnl of its gr(‘nt solubility and nih'nor timacily. I physiologn aily inai tive to mammals, but 
(5<‘lat in is largely iisisl for culinary purposes ; produces slryelinine-like etlccts in frogs. 'I’ho 
as a voliiele for otlu'r materials, and is siimlarly I (diaractcristic physiological action of golseinium 
emjiloycsl lu hactc-nology. It is valuable for roots is due to the two arnoi]>hous alkaloids, to 
taking casts and inijiression.s for electrotypy. &e 1 one of whicli the name of ‘ gelscminine ’ has been 
In photogra[diy it js employed, in addition to its applied, in general their jihysiological action 
use for gelat in <lrv plates, m tin', carbon procc^ss rt^sombles t hat, of <'oniino ; they are highly toxic 
of jihotographic j»nnting, which dejicnds on the i and also e.vert a mydriatic a<‘tj(>n on the eye 
power of pot aHsiiim (licliroiuatc to render gelatin . ((‘u.shiiy, i.c. : Moori% l.c.). G. B. 

insoluhle when exposed to the action of light. : GELSEMIUM ROOT. Gdsemit Radixt B.P. 
'Phis property is als»* employed in making an ' The dried rhizome and root of Odsemium 
insoluble glue or a waterprotiting material, by mtidiivi. (Mudiaiix). 

ndfling diidiromate to gliu* or gelatin just befoie GEMSBOK BEANS. The bean of Bauhinia 
use. AVw/fida, Burch, used a.s food in India and in 

It is also used in dyeing, for making inking the South-West Protectorate of the Union of 
vollers fur printing, and as a size for pajior South Africa The bean is eomjiosed of 48 p.e. 
making and jiaintmg. of shell and .’ll p.e. of kernel and is about ^ to 

For I'learing bem-. wine. &e., isinglass is ; j(in. in diameter, the average weight being 2 

miieli superior to gelatin. 'Phis property is ! grins., and that of Ihc kernel 1 grin, 

said by some to lie due to the lino, net-Iiko j An examination by Pray in the laboratory of 

struetriire of the former. Coarse Brazilian i the Imjierial Institute gave the following results: 




Fat 

1 Carbo¬ 
hydrates 

Fibre 

Af>h 

Nutrient 

ratio 

Food I 
units ' 

Husks alone 

j I 

. i 8-5 1 2-5 

0-2 

(.7-2 

19-8 

1-8 

] :27T 

74 i 

Kernels alone . 

. , 4-0 

32’8 ; 

41*() 

17-2 

1-3 

3 1 

1:3-4 

203 

Whole beans 

(k2 

18-0 . 

21-3 

. 41(i 

10*4 

2*5 

1 :5-0 

140 1 


'Pile bean is free from alkaloids and cyano- the same chemical composition and physical 
genetic glucosides. A golden yellow limpid oil characters as the natural stones, from which 
with a nutty flavour and agreeable taste may be they differ essentially only in their mode of 
extracted from the kernels, with constants very origin. It is therefoi'e necessary to distinguisli 
similar to those of cottonseed oil (Bray. Analyst, between artificial (ke. artificially produced) 
1921, 401). gems and imitation and counterfeit gems : the 

GEMS PiiBCious STONES. j latter will be treated separately in the article 

GEMS, ARTIFICIAL. Almost all the Gems, Imitation and counterfeit. 
minerad species that find an application in In nature, those extremely hard and in* 
jewellery have l>oen prepared 8ynthetie.ally in the tractable minerals have presumably been formed 
lahpratory. 'these artificial products possess under conditions of iiigh temperature, and 
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preflsure duiing long porlodo of time. It is 
therefore not to .be expected that crystals of any 
appreciable size could be produced in the 
laboratory. The high intrinsic value of the 
products "has. however, offered an incentive to 
treated experiments; and the production 
01 corundum of gem-quality and of various 
colours has now been effected with a high 
degree of coramorcial success and in a most un¬ 
expected manner. Oorunduni and spinel are 
the only gem-stonos tliat have, xi]) to the 
present, been produced art itieittlly| (d a size 
and quality suitable for jowollery. 

Diamond has boon produci^d artilicially by 
H. Moissan and others (r. Diamond) ; but the 
many attempts made to iiulu<‘(i the coinnum 
oloniont carbon to crystallise in tins form have , aspect, the rounded end 
not resulted m the production of crystals larger | (the last •formed and 
than 0-4 rum. across. An interesting account of upper portion in the 
Moissan's extensive researches in this direction apparatus) is usually 
is given in his book Lc Four Kloctriipic, 1H97 roughened with a lino 
(English translation bv A. T. de Mouilpied, 'I'lic crystalline reticulation. 
Electric Furnace, 1004). j The narrow stem, where 

Corundum was proilucod artilicially first by j the drop is broken off 
M. A. (iaudin m 1837, and Fr6iny and Fiel in | tho sup]iort, often shows 
1877 succeeded in producing crystals of fair size | a bright cleavage sur- 
and of a lino ruby-red colour (E. Fr6my, Synth6BC I face. The optic axis 
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Those pear-shaped raassos (‘boul^’) of 
manufactured ruby (‘rubis acientifique,’ ‘rubia 
synth^tique ’) grow at the rate of about 12 
carats per hour, and they may attain a weight 
of 80 carats (about 16 grams). One operator 
can attend to ton or a dozen machines; and 
the total output in Faris exceeds five million 
carats (1000 kilos, or about 1 ton) per annum. 
The price of tho uncut material is less than la 
per carat. Now, tho curious feature of those 
masses of fused alumina is that each one of 
them is a single individual crystal, and not, as 
might have been expected, an aggregate of 
crystals or simply an alumina glass. Although 
tho sides of tho drop are 
smooth with a glassy 


usually coincides with the 
axis of thi' pear-shaped 
mass, and a section cut 


du Rubis, 1891; v. Cokunditm). Tho largest 
of tho.se crystals wcigliod J carat (0*07 gram), 
and a fow were faceted and mounted as gems ; 
but owing to tho extreme thinness of the small! perpondicular to tliis ox- 

platy crystals, they were of no commercial value. 1 hibits in the polariseopo 

About the year i885 rubies of some size ap- | a typical uniaxial intor- 
peared mysteriously on the market, it is said fcrence-ligure. 1 he sp.gr. 
from Geneva: whilst some of these were j (3•98-4-0), hardness, di- 
optically isotropic and softer then true ruby, ' ehroism, refractive indic^, 
being oi the nature of aluinma glass, others were 
crystalline and identical with natural ruby in 
their charactera. These were known as ‘ re- 
constructfid rubies,’ and had probably been pro¬ 
duced by fusing together small natural stones. 

In 1902 A. Vcrneml (I’roduction artificiclle 
du rubis par fusion, (loinpt. rend. 1902, 135, 

791 ; Ann. Chim. 1904, [8] 3, 20), who had 
previously assisted Fr6ray in lus experiments, 
described a new and eminently successful 


A;c., of this artificial 
corundum arc tho same 
as for the natural mineral. 
The material further pos¬ 
sesses the same trans¬ 
parency, eleamc«R, and 
rich colours as natural 
crystals of the best gem- 
quality. 'J’he only moans 
of distinguishing between 



Verue all's blowpipe 
for the artificial pro* 
auction of ruby. 


method for the artificial production of rubies of i the two is afforded by certain imnute i^gu- 
the finest gem-quality. His apparatus consists j laritios of internal structure. With a handdens 
of an oxy-hydrogen blowpipe placed vertically, t or under tho microscope, tho artificial corundum 
tho inner oxygen tube of which is enlarged at ; often, though not invariably, shows minute 
Its upper end to contain a fine sieve holding the | rounded cavities and curved streaks ; whilst 
klumma powder used m the process. The ' m the natural stones the cavities are angular 
periodic tapping on the sieve of a small hammer, | and the streaks are straight, 
actuated by an electro magnet or a rotating i When tho material suppUed to the Vemeuil 
cam. caus^ a small continuous feed of the : blowpipe consiste of pure alumina powdor 
alumina powder to fall down the oxygon tulxx. (prepared by precipitation with ammonia from 

Beneath the nozzle of tho blowpipe is a support I pure ammonium alum), the crystollised oto- 
terminating in a small rod of fused alumina, the I duct is perfectly colourless and clear ( 

position of which can bo adjusted by screw ' sapphire^). In the carW expenmente, powd^d 
motions. Tho blowpipe nozzle and the support i natural 'I? 

are enclosed in a box in order to avoid sudden ' 
changes in temperature. Hydrogen was used 
in the early experiments, but in the commercial 
process coal-gas is used. Tho flame, with a 
temperature of 1800®-20(K)®, must be a reducing 
one with an excess of hydrogen or carbon. Tho 
fine particles of alumina ejected through the 
nozzle of the blowpipe fall on tho alumina 
support, and, fusing together, build up by 
accretion a pear-shaped mass, which continues 
to grow both in hc^ht and diameter as the 
support is gradually lowered. 

Vcit^ nf—T. 


best ruby-tint is given by the addition of 
2 i p.o. 01 chromic oxide (homogeneously mixed 
witn •the alumitia by precipitating the two 
together from a mixed solution of ammonium 
alum and chromium alum). Smaller proper* 
tions of chromic oxide produce a lighter shade 
of red or pink, and such artificial gems have 
been erroneously called ‘scientific topaz.* The 
addition of nickel oxide produces a noh yellow 
cobur. Cobalt oxide wnl not produce a bine 
colour with alumina alone, but a fine blue is 
obtained when some magnesia (or lime) is 
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>roM>ni (b. J’arw, Oompt. rend. 1008, 147, 933 ; 
V. Vemeuil, ibid. 1059); but now the product, 
usteAd of being (‘orundum, is the cubic and 
)ptiouUy isotropic mineral apintl (MgAl 904 ). 
Attempts to jiroduce a liluo corundum (f.c. 
lapphiro) liad repeatedly failed until it was 
ibtained by A. vernouii ((Jompt. rend. 1910, 
160, 185) by the addition of titanic oxide 
TiOj, 0'5 ]>.<^) and magnetic oxi<lc of 
ron (^ 0304 , rO p.c.). AnalysiH of tins 
»rti(ioial Happhire gave; AljOg, 99'83-99'85 
).e. ; TiOg, 0*ll--0'13 p.e. ; i'VjjOj, trace; 
p.gr. 3*977^'01 (A. J. Moses, Amer. J. Set. 
910, 30, 271). A ijcculiar stone which has 
won sold as ‘ Hyntlmlical alexandrite,’ oxhibite, 
ike the true alexandrite (a variety of ehry- 
loboryl, BcAl^Oa), a green colour by (biy- 
ighb and a red (colour by lamp-light., this is m 
•oality artificial c<)riin(luin, and tlu! change in 
colour may bo attributcfl to th(‘ preson<‘e of 
jolloidal chromic oxide (as suggiwted in the case 
»f alexaiidriti' hy (>. Hauser, Zeitscli. angow. 
Jhem. 1910, 23, 1404). 

HrfercHcrs .—fn adfhtion to tlie papers by 
/crnenil and others ipioU'd above, .siw J. Boyer, 
jii synthi^si' dt's ])ien'i*s prei'ieuses, Paris, I90!f; 
t. Brauns, Ulwr kiiastliche Edolstoine, Aus dor 
'fatur. Jalirg. IlHW tf, (»47; 1909, 61 ; J. 

.ijHi^ard, liOs Pioitoh jir^eieuses, Paris, 1914. 

On the artificial production of minerala in 
;enoral, .see 1^ Bourgeois. Hcprodiu'tion arti- 
iciollo doH min^raux, l*ans, 1884 (Encycl. cliim. 
lo Fr 6 n)\); P. Tscliirwiiisky, Kt^preduction 
kTtiliciolle do nnn 6 raux nii XlX* ei^cle, KielT, 
im)3-llH)l). L. J. S. 

GEMS. IMITATION AND COUNTERFEIT. 

pointed out m the pi*eocding article, it is 
lecessary to distingmsli Iwtwecn art-itiina! (t.c. 
i-rtificially produced) gems and imitation and 
tounterfeit gems. Owing to their rarity and 
ligh value, gom-stones liavi? been imitated in 
,'ariouB kinds of material since very early times. 
l'’or instance, altliough a lew of the ancient 
Egyptian searalw wi^rc cut in genmno tunpioise, 
ho great majority of them were made of a blue 
lottery or faience; and amongst the Romans, 
•oloured glaas wa« used fiu* the imitation of the 
/arioiis transparent coloured gem-stones. 

The niaR'rial nuwt extensively used for the 
nanufacturo of imitation gems is a heavy lead 
flint) glass known as paaie or strass. This is 
■>repared by fusing in a crucible a mixture of 
Dowderedrock-crystal (SiOj, 38-59 p.c.). red lead 
Pb, 04,28 53p.c ), pota-ssium carbonate (KjCOg, 
1-14 p.c.). together with a small proportion of 
K>rax, white arsenic, or saltpetre. Different 
•ecipes vary widely; the amount of lead present 
lepending on the refractive index of the gem to 
30 imitated. A dense flint-glass of sp.gr. 3T>4 
i.c. about the same as diamond) has «u=ssl‘(Ul 8 
md dispersion 0'0316 ; and an extra- 

lei^e flint-glass of sp.gr. 5*004 ?i0=)*7784 

md dispersion 0*0568 (the cornv 

ipouding values for diamond being 2*4173 and 
>*0574 respectively). Optical values still higher 
fcre obtained hy replacing the potassium by 
Shallium; the sp.gr. of a thalliuni lead glass 
may be as high as 6 * 6 . To obtain the best 
results in the manufacture of strass, the materials 
employed must be quite pure; and the fusion 
sarefulUy conducted, in order to avoid bubbles 


I and streaks, luiitatiuii diamonds (so*called 
I * Parisian diamonds,’ &c.) are^ cut from the 
colourless paste. To prepare coloured pastes 
the ooiourless paste is powdered, intimately 
mixed with various metallic oxides or other 
substances, and again fused. A blue colour is 
obtained with cobalt oxide; green, with cuprio 
oxide or chromic oxide; red, with cuprous 
oxide, gold chloride, or purple of Cassius; 
y(41ow, witli silver chlondo, antimony oxide or 
, red antimony, or fm Icadless glasses) with coal 
and a littJc’raanganose oxide; black, with tin 
oxide, manganese oxide, and lianimor-slag. An 
: opaque white gloss, or enamel, is obtained by 
the addition of tm oxide, calcium phosphate, or 
! bone-ashes ; this may be suitably coloured to 
imitate opaque stones (c.f/. turquoise) by the 
i addition of metallic oxides. 

'riicjse gliwses often afford very clever 
imitations of the various precious stones, re¬ 
sembling them so closely, indeed, that without 
: examination they may be readily mistaken for 
the genuine art'icle. They are, however, all 
i remarkable for their low degree of hardness, less 
tlian that of ordinary window-glass, and they 
can be readily scrarihed with a knife. -In 
course of time, tluy display a dark leaden 
’ tarnish on their surfaci;, and when worn in 
i jewellery their odgt“s become, rubbed and 
I (9uj)j)od. When oxamiued with a iiiagnifying- 
lens, Imbhles and strouks aie often to be seen 
in tliem Optically they arc isotropic and 
lacking m dienroism. 

To avoid the olTiwts of abrasion in wear, and 
also no doubt as a deception m case the test of 
hardness is applied, these soft materials are 
sometimes faced witli a harder material such as 
rock-crystal or colourless topaz. In the doiihld, 
the upper portion, above the girdle, consists of 
j this harder, colourless materia), while the lower 
I portion, jiroteoted in the setting, consists of 
' coloured strass which imparts its fine colour and 
j brilliancy to the whole. The triplet consists of 
I an iipjicr and a lower portion of harder material, 

I wiili a layer of the coloured strass between. 

I Sucli counterfeits can, of course, be readily 
I detected when the unmounted gem is viewed 
i sideways, but when it is mounted in its setting 
I dctei'tion is not so easy. Doublets and triplete 
I arc also built u[» of genuine stones, with the 
j objoed of improving the colour, and of pro- 
I during tv gem of larger size, 
i Another kind 01 fraud sometimes practised 
I with precious stones is the substitution of less 
' valiiaule stones for more valuable. Unfortu¬ 
nately, the nomenclature of gems, os adopted by 
jewellers, rather offers an opening in this direc¬ 
tion. Thus stones of a red colour are often- 
known collectively as ruby with some qualifying 
prefix: e.g. ‘spinel-ruby’ (—spinell, ‘Cape 
ruby’ (= 5 nyropc garnet), and ‘Siberian ruby’ 

! { = tourmaline), the true ruby (‘ Oriental ruby ’ 
of jewellers) being, of couree, corundum; or 
again, ‘ Oriental emerald ’ ( -^soorundum), ‘ Ural- 
iaif emerald’ (ssdemantoid garnet), ‘lithia- 
emerald’ (—spodumene) and ‘Brazilian emer¬ 
ald’ (=tourmaline), the true emerald being 
beryl of a grass-green colour. In the same way, 
yellow quartz (‘Spanish topaz’ or ‘Occidental 
topaz ’) is often mistc^en for and sold as topac. 
j Other deceptive of a like nature are 

‘ ‘ Marmoroech diamonds,’. * Ocmisb diamonds/ 
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* Bristol dtamonds^’ &o., for sinall sparkling 
crystals of quartz; and ‘Matura diamonds^ 
(from Matura in Coylon) for zircon of a brilliant 
lustre, which has been decolorised by the 
application of heat. The latter, as well as 
cofourl^ corundum (‘ white sapphire ’), have 
occasionally been passed off as diamonds. 

Other attempts have been made to produce 
gems of much the same chemical composition as 
the gonume stones. For example, green glass 
with the composition of emerald. Viiry success¬ 
ful imitations of turquoise have beon^obtaimMl 
by submitting to proa.sure a pro(upitato liaving 
the same composition as the natural mineral. 

The arlilicial colouring of natural stones is 
also extcnaivoly prairtised. Almost all cut 
agates have bconKotreated(e. Aoatk). Ohaloo- 
dony can lie so <-leverly coloured a delicate 
green with salts t)f nickel or chromium, as (o 
be practically indistinguisiiablc from tlm more 
expensive chrysoprasc A 2 *s.le-coloured jasper 
or hornstono, (juarried at Nunkirchon, near 
Morzig, in Khiho Province, la coloured artiticially 
by soaking first m a solution of ferrous sulphate 
and afterwards in (uie of potassium ferro- 
cyanide. Heads and other small ornaments of 
this material are cut at Oberstoiii and are now 
(1921) sold in large quantities as ‘lapis-lazuli.’ 
It is readily clistinguished from true lapis- 
lazuli by its great^or hardnes.s anrl <lcnsity, and 
by the presence of small patches of orystaliine 
quartz, which does not take this colour. 'I’lu* 
colour of many g<!n)i-stoiios <‘aii bo changed by 
heating or by exposure to the emanations of 
radium. A trick of the meanest kind is to 
smear violet ink or other bluish colouring 
matter on the surfa(5o of a yellowish (‘off- 
coloured ) diamond, so giving it the appearance 
of a colourless gem. 

Re.fercncex ,—M. Bauer, Precious Stones, 
English transl. by L. J. Spencer, 1904; J. 
Kscard, Les Pierres pnkdeusos, Paris, 1914. 

L. J. S. 

GENESERINE, GENESEROLINE, t\ Ordbal 

BBAN. 

GENISTA TINCTORIA v. Dybk’s broom. 

GENISTEIN V . Dyer’s broom. 

GENISTEINE a homologue of 

sparteine, and found associated with that alka¬ 
loid in the common broom, and may bo isolated 
from the mother liquor from the (Tystallisation 
of sparteine sulphate; m.p. (i0-5“,»b.p. 177®- 
178® (uncorr.) at 22 mm. It forms a hydrate 
CteHaflNatHjO, which molts with loss of water 
at 117®; [a]p== —52’34 in absolute alcohol 

(4 p.c. Bol.). Gonistoino is a saturated base, 
not reducing permanganate in atid solution; 
it does not contain a motlioxyl group attached 
to iiitrc^en. It is a di-aetd base (mono-acid 
to phonoi-j3-phthalcin), yielding a 'picratQ 
Ci,H 2 ,N,. 2 C.H 2 ( 0 H)(N 03 ), 

m.p. 215® (decomp.), and a platmo-cJUoridf 
^i*Ht*N3,2HCl,PtCl4,2*5HjO, which loses its 
water at 110®, and decomposes at 235® with¬ 
out melting (Valeur, J. Pharm. Chim. 1913. 8 
573). 

GENTHITE v . Garktibritb. 
GENTXAGAULIN, G^IAMARIN, GENTl- 
^JPSE, GENTUN, GEMTIOfilOSE, GENTIO- 
KORDI, GENTISIN, v. Gbsttiak. 


GENTIAN. OetUiancR rudix, B. P.; GetUianut 
U.S.F. {Racine de Oentiane, Fr.; Enzian- 
wurzel, Ger.) The dried root of the Qentiana 
lutea (Linn.) (Bentl. a. Trim. 182) is used in 
medicine as a bitter tonic. Its physiological 
activity appears to depend upon the proeonoe 
of 2 p.c. of a bitter crystalline glucoside, gcfUio- 
IHcrin, ijcutianbtUer, or geiiiianin, which was 
first obtained in a definite form by Kromayer 
(An;h. Plmnn. 110,25). 

To prepaie gentiopicrin, the fresh gentian 
loot IS out int o small pieces and quickly m’oppod 
into boiling alcohol in order to destroy the 
ferment which is present in the root and would 
otherwi.se lead to loss of glmtoside. Carefully 
<lno<l rooks may, however, bo used (Bourquelot 
and Bridol. J. Pharm. Chim. 1910, [vii.] 1, 160). 
The liquid is boiled for 30 minutes, cooled, and 
filtered. The alcohol is then removed by 
evaporation, the residual liquid mixed with 
calcium carbonate, filtered, evaporated to a 
Hynip, and allowed to stand for a fortnight to 
crystallise. The crystals obtained are purified 
by recrystallisation trom a inixtuns of equal 
volumes of chloroform and 95 p.c. alcohol 
(Bourquelot and Iferissoy, Corapt. rend. 131, 
113). GontiopiiTin has the composition 

Jt molts at 122 ®, or, when anhydrous, at 191® 
(Tanret, ibid. 1905, 141, 207). By the action of 
dilute acids or oinulsin, gentiopicrin breaks up 
into dextrose, and of gentiogenin, CioHiq 04 
needles, m.p. 185®, which is soluble in alcohol, 
but almost insoluble m water, and not bitter 
(Tanreli). 

The mother liquors resulting from the 
purification of gentiopicrin contain a glucoside, 
getdiin which forms microscopic 

slightly yellow needles, m.p. 274® (decorap.), 
ft is slowly hydrolysed by diluf-o sulphuric acid 
at 100 ®, forming dextrose (1 mol.), xylose 
(1 raol.), and gcnticnin 0 | 4 Hm()j (1 mot.). 

^26^^28^)14 + 21120 

^CnHidOi+OgHijOfl +C4Hi0Ui^ 

The iast-naiuod compound, on heating, begins 
to sublime at 195® and melts at 226®, It is iso¬ 
meric with gentisin, another constituent of 
gentian to be described presently, but melts at a 
lower temperature, ancl gives a yellow colora¬ 
tion with nitric acid. Gentisin, under these 
ciroumstancoH, gives a fjreen colour (Tanret, 
Corapt. rend. 141, 203). The alcoholic extract of 
gentian root, from which gentiopicrin separates, 
also contains a third, amorphous, glucoside, 
gentiamarin, which has the composition 
or CijHjyOio- On hydrolysis with acids, 
gentiamarin yields an amorphous brown 
substance; with emulsin, dextrose and an 
amorphous maroon-coloured substance distinct 
from gantiogenin «(Tanret, Bull. Soc. chim. 
1905, [iii.] 33, 1071). 

Gentian also contains, in v&ty small prcqwr- 
tion, another compound which, thoi^h physio¬ 
logically inactive, is much better known. It is 
a yellow crystalline acid, gentianic acid^ gen- 
tisin, or gentianin C 14 K 10 OS, and by the eariimr 
investigators (Gm. 16, 178) was confused with 
gentian-bitter or gentiopicrio. and to both these 
compounds the name ‘gentiainn*' has been 
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applied (Henry and (Javentou, J. Phtwm. 
Cium, 7, 173 ; TroinhiBdorff, Annalon, 21, 134 ; 
Leconte, ibid. 25, 202 ; Baumert, ibid. fi2, 108 ; 
Hlaaiwetz and Jlabermann, ibid. 175, 83; 
180, 348). 

Gontwin cryKtallimis in large pale-ycUow 
eilky noodlos. Heated to 200'\ it darkens in 
colour, ami Hubliinos with dticomposition .at 
3(K)'"-400". It in nearly insoluble in water, at 
1 part rerpuring 3830 parts of wat<;r for 
solution, but ni alkaline solutions and in hot 
alcohol it dissolves readily. Melted with potash, 
acetic acid, phloroglucin and gentisic acid 

CoH,((X>OH)(OH)(OH) 

(1:2:5) aro formed (H. and H.). 

Gcntisin has bcmi obtained synthetically by 
Ko 8 tan(H;ki and 'rumbor (Monatsh. 15, 1), and 
is the methyl ether of geutiscm, 1:3: 7-tn- 

hydroxyxanthone Oll'(!|,H 3 <,^!^jxl^'slla(^*ll)i!- 

Bectin IS priweiit in gentian root in large 
proportion, This yields nuicic acid on oxidation 
hy dilute nitn<^ acid and arabinose on hydrolysis 
with dilute sulphuric acid {iiourquelot and 
llorisscy, J. J’harm. (Xiiin, [vi.j 8 , 40). Fer¬ 
mentable sugar IS prcH(Mit m so largo a propor¬ 
tion that it has led to the root being omployed 
in Switzerland and Bavaria in the manuiaeturo 
ot spirit {hcv. below). Investigations <‘aiTic.d out 
by Bourquelot and his co-workcrs (Bourquelot 
and Nardin, (\nnpt. rend. 128, 280 : Bourquelot 
and Horissoy, tbid. 131, 750; 135, 200) show 
that fresh gentian root contains gintinnosc, a 
hoxotriose, which melts at 207'’-209“, 

and is dextro-r<itat-ory. it docs not reduce 
Barreswil's (Pelihng's) solution, but, if boiled 
witli dilute suljihunc acid or acted upon by 
invortttse, it booomes lievo-rotafcory, and acquires 
eonsidorablo reducing power, having become 
hydrolyaod into hovulose and a new hexobioso, 
(jentiobioAc, which, by more vigorous treatment, 
can be hydrolysed into 2 molecules of dextrose. 
Fordcrivatives v. Hudson and Johnson, J. Amer. 
Chem. Hoc. 1017, 30. ^272. 

For the detection of gentian-bitter in beer, 
V. Dragondorll {('hem. Zentr. 1881,285 and 200); 
Allen (Analyst, 12, 107 ; 13, 43). 

Various other spocioii of gentian contain 
gentiopicrin and gentianose (Brulcl, J. Pharm. 
Ohim. 1013, [vii.] 7, 280, 302, 488; 1014, fvii.] 
10, 82; (-ompt. rend. 1012, 155, 1184; 1913, 
168, 827); hut G. acanli<H roots contain no 
gentiapierin but (jcntutcduliny m.p. 

l46°-l80MaIp—83*84° (Bridel, J. Pharm. Chim. 
1013. [vii.l 8 . 241; 1014, fvii.] 10, 320). For 
seasonal variations of constituents m 0. lulcfi, v. 
Bridel (J. Pharm. Cliim. 1011, ['^“•3 lb 204). 
Gentiopicrin, 2 p.c., slightly increased m June 
and July; gentianose, 3-5 p.c., maximum in 
September; in May and Jupe it is replaced by 
gontiobiose. 0. B. 

QEKTIAN BLUE 6 B. Spirit Soluble Blue, 
Spirit Blue 0, Opal Blue v. TRiniENYLMETHANE 
COLOURING MATTERS. 

GENTIAN ROOT. The Oeniiam lulea (Linn.), 
from which the gentian root is derived, chiotly 
occurs in mountainous districts, especially in 
Switzerland and the T^ol. There is present 
in the root of this and other species of getUiaua a 


bitter principle which is said to possess valuable 
tonic virtues, and on this account some quantity 
of the material is imported into this country for 
medicinal purposes. 

Gentmn, the colouring matter of gentian 
root, was first isolated by Henry and Caventou 
(J. Pharm. Oliim. 1821, 178), and was shown by 
Baumert (Animlen, 82, 108) to pcfflsess the 
formula CJ 4 H 10 O 6 . Hlosiwetz and Habermann 
{tbid. 175, (i3 ; 180, 343), somewhat later, found 
that gcntisin eontaiiiH two iiydroxyl groups, 
and whe^i fused with potassium hydroxide, 
fhlorofjhu'inol and genUm\ acid (hydroquinone 
carboxylic acid) are produced from it. By the 
action of hydrochloric acid on fused gcntisin, 
methyl chloride was evolved, a probable indica¬ 
tion of tlie presence of a melhoxy-group. To 
prepare gentisin (Baumeit, l.e.), the root is well 
washctl with water, then extracted with alcohol, 
and tlie extract evaporated to a small bulk. The 
residue is washed with water to remove the 
bitter principle, and then witli ether to extract 
plant wax. For punlication, the crude colouring 
matter is repeatedly erystalliseil from alcohol: 
10 kilos, of tlio root yield about 4 grama of the 
substance. Gentisin crystallises in yellow 
needles, is s])aringly soluble in alcohol, and 
dissolved in alkaline solutions with a yellow 
colour. 

(Icntueiii (.!i3Hfi05,2H20. When gentisin is 
digested with boiling hytiriodic acid, it ia con¬ 
verted into gcntisein with evolution of I molecule 
of methyl iodide. Gcntisein consists of straw- 
yellow needloa, molting at 315°, and gives with 
sodium amalgam a blood-red coloration, 
whereas gentisin, by a similar method, yields a 
deep greeri-coloureii liquid (v. Kostanocki, 
Monataii. 12, 205). By the action of acetic 
anhydride, gcntisein is converted into a triacdyl 
derivative, 0 i 3 H 5 O£,(G 2 H 3 O)ji, needles, m.p. 226° 
(v. Kostanocki, l.e.); but on mcthylation with 
methyl iodide, a dimethyl ether 

0 „H 502 (OH)(OCH ,)2 

yellow iieodiea, m.p. 187°, is pioduccd (v. Kosta- 
neeki and Schmidt, Monatsh. 12, 318). 

I’artial mcthylation converts gentisein into 
gentisin, and it is thus certain that the latter 
comifitsoigeufiaeinmonomclhylclher. V. Kmta- 
nocki and Tarabor (Monatsh. 15, 1) obtained 
gentisein by distilling a mixture of phloro- 
gluoinol and^ hydroquinone carboxylic acid with 
acetic anhydride 



and its constitution is therefore represented as 
1 : 3: 7-trihydroxy-xanthone. By a study of du- 
azobenzene-gentmn: Oi 4 H,OB(OflH|N 3 )|, soarlet- 
red needles, m.p. 251°-252° (Perkin, Chenu Soc. 
Trans. 73, 1028), which gives the diaoetyl deri¬ 
vative, Ci 4 H 404 (CjH,' 0 ),{CtH|N,)|, ora^-red 
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needles, m.p. 218°-220^, it has been shown that 
gentisin itself possesses the constitution I. 



As ^enlisin yields by means ol methyl iodide 
only a monomethyl ether, the original metlioxy- 
group cannot be in the jiosition (I). On the other 
hand, if gentisin is represented by the formula IJ, 
the azobonzcne grou|>H would enter the positions 
4 and 2, and from such a eomjiound an aeetyl- 
dorivative cannot bo obtained (com]iare ai-s- 
azobe.nze.nc phlorogliicinol) 

Gentisin is a f«‘obie dyostulf, and gives on 
wool mordanted witli eliromiiim, aluminium, 
and tin respectively, palo-greim yellow, pale 
bright yellow, and very pale (^ream-coloured 
shades (Perkin and Hummel, t’liem. Soo. Trans. 
1896, 69, 1290). A. G. 1*. 

GENTIANIC ACID v. Gentian. 

GENTIANOSE v. GAftiJouyniiATEs. 

GENTIIN e. Glik’osidkh. 

GENTIOPICRIN r. (iEntian; w/.w Gt.I'Oo- 

filUBS. 

GENTISIC ACID r. Gentian and Proto- 
CATBCHUIO ACID. 

GEOLYTE r. Zeolites. 

GEOSOTE IK Synthetk! druu.s. 

GERANINE v. Azo- colourinq matters 
and Primultne. 

GERANIUM OIL v. Oils, Essentiai.. 

GERMANIUM, Ge. At. wt. 72T> (Winkler), is 
the ekaailicon predicted by Men(lel6eff. It was 
discovered by Winkler in 1866 in argyrodiic j 
GeS2,4Ag2S, in which it is iirescnt to the extent j 
of about 6-7 p.c. (Kolbeck, Contr. Min. 1908, i 
331). It is also present in canfielditc, franckeite, \ 
and hrongmarditc (Prior and Spencer, Min. Mag. j 
1898, 12, 5 ; Shroutschoff, J. Russ. Phys. ('hem. j 
Soc. 1892, 130), but its presence in euxenite and j 
samarakite has been denied by Lineio (Centr. ■ 
Min. 1904, 142). 'According to Buchanan (J. , 
Ind. Eng. Ghcm. 1917, 9, 661), small quantities ' 
of germanium are prtisent in V.^isconsin and j 
Missouri zinc ores and tend to become con- . 
oentrated in the residues remaining in the j 
retorts. The metal is obtained by the reduc- i 
tion of the dioxide with carbon at a red heat. } 
It is a greyish-white, brittle, readily powdered ' 
lustrous metal of ap.gr. .5*469, which melts at | 
958®i6®, and does not volatilise at 1350'’. It 
oxidises in air at high temperatures, combines 
directly with the halogens, is insoluble in hydro- 
clUoric acid, and dissolves in aqua re^gia, forming 
the dioxide. 

Compmnda ,—The metal is tetravalent, and 
its compounds resemble those of the silicon group. 

Qermaniwm dioxide GeOg is obtained from 
argyrodito by treatment with nitre and 
poti^ium carbonate at a red heat, then with 
acid, after which it is purified by being con¬ 
vert^ into the sulphide, which is roasted and 
treated with nhne acid. Tile oxide forms n 
white powder haring acid properties, but 
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soluble in acids, and is readily reduced br oarbon, 
sodium or magnesium. A colloidal solution of 
germanium hydroxide is obtained by decom¬ 
posing an alkaline solution of the dioxide with 
carbon dioxide. 

ii(Tnuiuou)i oxnh (jcG is a grc'vish-black 
powder, and tlie corresponding hydroxide 
Gc(OH )2 a yiillow powder obtaineci by the 
I action of alkalis on germanium chloroform or 
I chloride. According to Uantzsch (Zoitsch. 

: anorg, (!hcm. 1902. 30, 289). in aiiuoous solution 
; it is a weak nKinobasic acid, and has the con- 
j stitutiou IBh'G'GH. being analogous to formic 
1 acid. 

(Urnmuintn rhlorofonn GcHCbj is obtained 
' when germanium is luxated m n current of 
hydrogen chloride, a colourless liquid being thus 
; formed, which separates into two layers, of which 
; the luiavier is gorinanium cliloroform ; it is a 
colourless fuming lujuid, b.p. 75'’. 'Fhe lighter 
, licjuid IS gcnnaniuni oxyrhlonde (JoCX/l.^ ; it is 
i similar in properties to the chloroform, but is 
less mobile, and boils above 100 '’. dernuinium 
'■ dichloride Gctlj’ ietrai hloride G 0 CI 4 , and 
1 the corresponding tetrabromide, -iodide, and 
i othide (»eKt 4 , are also known. 

I (jprnuiniuvi fctrajlnoride <ieK 4 , 3 H 20 com- 
; biiK.'S with hydrolluono acid, forming yernuino^ 

'^ Jiuonc arid, of whu'h tlie potasavum salt K»GoF| 
j forms h<*xagonal crystals isomorphouK with 
1 those of ammonium Hili(u>fluoridc. 
j (Je.nnanidm- dmulphidc GeSj is the most 
i charaot-enstic of tlie germanium derivatives, and 
I is prepared by passing sulphuretted hydrogen 
j in a solution of germanium dioxide; it is a 
i whiU? powder, soluble in water to some extent 
I and in ammonium sulphide (Vogolen, Zoitsch. 
i anorg. Cheni. 1902, 30. 329). The monosul- 
phide G(!S and thiogormaiiatos ar(i also known 
(J. pr. Chem. 1887, 12J 36, 177 ; Her. 1888, 21, 
131). 

Oermamam hydride (ioH 4 is formed when 
germanium chloride is reduced with sodium 
amalgam. It is also formed as a mirror in the 
Marsh apparatus, as in the arsenic tost. The 
niirroris rod by transmitted and green by reflected 
light, is soluble in sodium hypochlorite, bift 
with difliculty in liot hydrochloric acid. With 
sulphuretted hydrogim it forms the sulphide ; 
heated in air it gives the dioxide, whilst with 
silver nitrate it forms a black silver germanium 
compound, probably GeAg 4 (Vogelon, l.c. 325). 
GERMAN SILVER v. Nickel. 

GERMOL. A disinfectant consisting of 
crude crosols. 

GERSDORFFITE, Sulph-arsenide of nickel, 
NiAsS, crystallised in the cubic system. Tho 
nickel (35*4 p.c. according to the formula) is 
usually partly replaced isomorphously by iron, 
and less often by cobalt. Analyses show Ni 
16-24-86-97 p.c., with Fc nil-r6*64 and Co 
nil-14T2 p.c. Crystals are usually octahedral 
in habit, and they show good cleavages parallel 
to the faces of the cube. The colour is steel- 
grey with metallic lustre, but usually the 
material is tarnished and dull black; the streak 
is greyish-block. Sp.gr. 5*0-6'2; H. 6 , The 
mineral occurs in metalliferous veins, and has 
been recorded from several localities in (Central 
Europe; also from I.K)ch Fyne in Seotlend, 
Su(ibury in Ontario, &c, L. J. R, 

GE3IMT V, JC^tFLOsivBS. 
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GETAH WAX. 


GETAH WAX r. Waxes. 

GETALIN, GITONIN, v. Digitalis. 
GEYSERITE or SILICEOUS SINTER. (Ger. 
KieMninlrr.) An opaline form of hydrated 
silica <iepoHii<'(l by tl>o hot springs (geysers) of 
volcanic regions. It jh white or greyish in 
colour and porous m texturo. On the exterior 
it usually jissuino-s fantastic siiajxw- -stalactitic. 
filiform, and cauhtiow(T-hk<i masses -and it is 
Horaotijues foiui<l <5neru.sting ])lantH (Jomj>act- 
inussive and j)ii!verulent fortas a1s() occur. 
Sp.gr. |•8-2•0. I’he muUTial consists of nearly 
pure silica, SrO^ 82 07 n.c. with HgG 3-10 p.c., 
and small amounts of ulununiuin. iron, calcium, 
inagnosiuni, and alkalis. Jinmensr- deposiUs 
occur in Icelund, N<‘w Zealand, Luzon in Ihc 
l^hilippiiH* Islamls, Azonw, and Yellowsloiio 
National I’ark in Wyoming. Us u.s(* hi\s boon 
suggested for lire manufaefurt' of porcelain, 
glass, sIlica-glasB, &.c . and as an inert iillinu 
material. «!• S. 

GHATTI V. <iuM.s. 

QHEDDA or EAST INDIAN WAX. Dilfers 
from ordinary beeswax in <:t>ntaining only one 
alcohol, coryl alcohol, ju'cscnt in thi^ form of 
esters. AI.p. 02'' <13solirhlics at o8^ acid 
value Z)-?'.'), ester value 80 02. 

'Phe wax conlains ajrjudxiinately 48 p.c. of 
ceryl alcohol, 5 ]).c. «d heptacosane, 

2 p.e. of hentriacontaiH*, ('aiHgi- 24-25 p.c. oi 
hydroxyuiargano acid. m.p. 55'’-5(5', 

!'5-2 p.e of an isomeric hydroxymargaric acid, 
m.p. 71'-72''. 10 p.e. of margaric acid, 8-0 p.c. 

of palmitic arid, 2 p.c of “fJhcdda” acid, and 
1 pc. of cerotu- aiud. with traces of formic, 
acetic and butyric acids and tariy matter. 

(Ihedda " acid (fni.p. 04'5 -05 , 
forms mossy aggreguie.s of white needles; 
sparingly soluble in otlier. (Lipp and col¬ 
laborators. J. pr. ('hem., 1012, [ii.] 8(>, 181; 
tdam. 1019, lii.J 00. 243, 00. 250.) 

GHEE. A clanlied butt-er used in the Ea.st ' 
mainly for cooking. 

GIALLOLINO or NAPLES YELLOW in 

ViOMENTS. 

GIANT POWDER c. Explo-sives. j 

GlBBSITEorHYDRARGILUTE. Hydrated I 
alumina, Al.20a'311./) (Al.O^ ()r)‘4 p.e..), crystal- , 
Used in the monoclinic system. It usually ^orms 
white or greyish, stalacditie or mamillat^’^d, 
encrusting masses, (’rystals, to which the 
name hydrargillito is more particularly applied, 
have the form of thin six-sidcKl plates with a 
pearly lustre on the perfect basal clcMivage ; 
these arc» found in a magnetite-bearing schist at 
Shishimsk, near Zlatoust in the Urals, and in 
nepheline-syenite in the Langesund-fjord, Nor¬ 
way. Sp.gr. 2*3-2*4 ; H. A bed, about 

a foot in thickness, of nodular plates of amor¬ 
phous material is found beneath the soil over¬ 
wing igneous rocks over a wide area in the Palni 
Hills in Madras. As a constituent of,bauxite 
and laterite it is of wide distribution, and it has 
also been identified in some highly aluminous 
fire-olavB. If found in sufficient quantity •it 
would M o! value as an aluminium ore. 

L. J. S. 

GILO, GOLANGHA, and GULOH. Indian 
names for jTvnoaporo cordifolxa (Miors). This 
plant flourwhos in India, the dr^ being sold 
extenaive^ in the bazaars as a tonic ana anti- 
periodie^n the form of cylindrical pieces, 2 to 


5 om.Jong and 1 to 6 om. in diameter. It is a 
perennial creeper, climbing to the summit of the 
highest trees, its branches putting forth roots 
which, reaching to the ground, imtiate a fresh 
growth. Roots, stem, and leaves are equally 
in demand as a drug. Tlie Indian pharmacopmia 
commends its use as a tincture (4 to 8 c.c. in 
die); as an extract (0'() gram to 1 gram 'pe.t^iem 
lu the form of pills); and as an iiuusion (1:10), 
of winch ()0 c.c. to 90 c.e. arc to be taken thrice 
a day The. sterns contain verberin, an un- 
crystallis!^.)le bifter substance, changed by 
dilute sulphuric acid into a glucoside, and a 
bittiT kind of standi meal known as ‘ palo ’ 
(.1. Sue. Chom. Iml. 0, 40). 

GILSONITE. A mineral hydrocarbon occur- 
ing m Utah, the Philijipines, and elsewhere, 
used in the paving industry, and in the manu¬ 
facture of olectric-al insulators, roofing materials, 
for waterproofing pipos and aqueducts, pre¬ 
venting corrosion of iron plates of ship's bottoms, 
coating wire fencing, sea-walls, poles, &c., 
lining tanks for chemicals, paints, lubricants 
for licavy machinery, rubber sulistitute, binder 
for briquettes, &c. 

GIN or GENEVA is a spirituous liquor made 
from spirit derived frtim grain and distilled witli 
jumper b()rri(\s and other flavouring substances. 
Tlie term is a corruption of the word ‘ ge.nikvre ’ 
or ' junever,^ tlie French and Dutch equivalents 
respectively for jumper, which is the essential 
flavouring ingrcdionl-. 

The principal varietitss are tlie English, 
known as ‘gin,’ and tiic Dutch, described as 
‘(Jctieva,’ ‘ ilollands,’ and ‘ Schnajqie.’ The 
difierenee between them is chiefly one of flavour, 
and each manufacturer lias liis own sjiecial 
recipe, which is careiully pmserved as a trade 
secret. The principal flavouring ingredients 
used besides juniper are angelica ixiot, almond 
cake, calamus root, cardamom seeds, cassia 
buds, coriander weeds, creosok', liquorice powder, 
orris root, sweet fennel, and tuqicntine. 

The grain used is almost invariably a mixture 
of maize, malt, and rye, the proportions being 
usually about 75 p.c. maize, 15 p.c. malt, ana 
10 p.c. rye for English gin, and about equal parts 
of each for the Dutch variotic-s, although some- 
I times maize is absent. 

! ^ During the Napoleonic wars at the beginning 
of the last century, the use of corn, owing to ite 
i scarcity, wa^i prohibited in the United Kingdom 
' for the manufacture of spirit, and the manu¬ 
facturers had recourse to molasses or low-grade 
I sugar. This, however, produces a very inferior 
! quality of gin, which is essentially a grain spirit, 
but it is still niade, chiefly for exportation, by 
, the addition oI juniper oil or similar flavouring 
agent to the crude spirit. 

1 In England, patent-still spirit is generally 
employed os a basis, but it is preferably not 
rectified so highly as to deprive it of the charac- 
, toristic flavour of grain spirit. The flsvourii^ 
ingredients are in some cases added directlv or 
' tliey are separately distilled and the distiUate 
added to the spirit to be flavoured. Another 
and probably the best method is to redistil the 
: spirit, after the addition of the flavoupng 
: ingredients, in a kind of pot-stUl with a long &eaa 
, or other simple reotif 3 ring arrangement. 

1 In Holland, ibe manufacture is carried on 

mainly at Schiedam, where ohiefiy 
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employed. The spirit is subjected to three or 
four rootificetions, when it is known as ‘ roout- 
wijn ’ or ‘ maltwino.’ This is sold to the manu¬ 
facturers of Geneva or Hollands who flavour it 
by methods similar to those above described for 
English gin. 

The best ‘ Hollands ’ is said to be prepared 
as fellows ; A mixture of two measures of ground 
rye with one moosuru of ground l>arley malt is 
mashed with about 24 gallons of water for each 
cwt. of the mixed meal. The mashing being 
completed, the sp.gr. of the wort is deduced by 
cold water to between 1033 and 103H, It is 
then fermented, after which the whole m thrown 
into a still. T() the first product of distillation, 
called low wines, a varying proportion of juniper 
berries with a little salt is added, and it is re- 
distiJlod. Tile spirit which now passes over is 
flavoui*ed with essential oils or rosins derived 
from the juniper as well as from the rye and 
barley used in browing. 

Sweetened (fin (e.f/. ‘ Old Tom ’ and ‘ Old 
(jlenova ’) is made by the ad<lition of sugar 
syrup to plain gin. Tlio syru]) is prepared by 
dissolving refined sugar in its own woiglit of 
pure water. Sometimes it is flavoured witJi 
orange-flower water, and is known as ‘ eapillaire.’ 
Tho clear solution is added in the proportion of 
about 0 gallons of syrup to 100 gallons of gin. 

Plymouth gin is a special variety of gin made 
in Plymouth, and used extensively in tlio West 
of England. It has a characteristic flavour, said 
to be due to other resulting from the addition of 
a little sulphuric acid to the spirit to be rectified. 

The adulteration of gin, except by dilution 
with water, is not common. Alkaline car¬ 
bonates, and Boraetimoa alum and salts of zinc 
and lead, have been found. Juniper wood oil 
and turpentine oil are occasionally used as sub¬ 
stitutes for or admixed with the oil from the 
jun^r berry. 

By the Sale of Food and Drugs Amendment ! 
Act, 42 & 43 Viet. c. 30, s. 0, gin may not be : 
sold at a strength below 35 under proof, unless ! 
declared to be <Iiiuted. The percentage of i 
water added may bo found by multiplying the 
exc^ of degrees under proof beyond 35 by the 
factor 1*54. For example, a gin of strencth 
45 u.p. contains 10 x 154, or 15*4 p.e. of added 
water over and abovi* that orient in gin at the 
minimum statutory strength of 35 u.p. 

• J. C. I 

OINGELLY or GINGIU OIL u Sbsame oil. 
GINGER. 

Descriftion ,—Ginger is the dried rhizome, ' 
either whole or ground to a powder, of Zingiber \ 
officinale (Rosooe), a plant 3 to 4*feet in height, : 
which grows wild in India and China and is ' 


; cultivated extensively in most tropical countries. 
I At the present time, the chief kinds which And 
I their way into the English market ore Jamaica, 
' Calicut, Cochin, African, Japanese, and in less 
! quantity, Bombay. Japanese ginger is not 
j derived from Z. officinalis and is therefore not 
] official for medicinal juirpoaes. 

I Prepnralton and properties .—^The rhizomes 
; arc dug up when tho plant is about a year old, 

I washed, and dried in the sun. In some oases 
tho epidennis is removed by scraping or cutting, 
in others the root is dried intact. 

To meet the popular ])n>judl(!o in favour of a 
wliito produ(;t various uu'thods of treating the 
: root are adopted. The commonest consists in 
; immersion in milk of lime, when the coating of 
i lime left after drying is of advantage in pre- 
i venting the attacks of insocta, nmgi, Ac. 
j Gypsum and clialk are also used with a similar 
j object. Ginger is also said to be bleached with 
j sulphurous acid or bleaching powder, but moat 
I of the so-called bleached ginger has probably 
I only been ‘ limed.’ 

! The unscraped root has a yellow-brown 
, wrinkled surface, while tlio scraped variety is 
i smooth and nearly white. The pieces are, os a 
’ rule, from 2 to 4 inchos in length, knotted and 
bent, flattened in section and with a short 
I fracture. 

I On being cut with a knife, the beet ginger 
presents a soft floury surface, inferior qualities 
ap])car hard, resinous, and shiny. 

The chief structures observed when ground 
ginger is examined under the microscope are tho 
starch ^ains, tho vessiJs, reticulated, spiral, and 
scalariform, tho sclorcnchymatous odus, broad 
bast fibres with somewhat thin walls and 
occasionally thin-walled polygonal parenchy¬ 
matous i;ellH and oloorosin cells, which have 
escaped destruction during the grinding. The 
standi grams are. for the most part, elongated, 
simple (except in Japan ginger where aggregates 
of small granules occur), sack-shaped or oval, 
and vary in longtii from 12 to 50/t, the majority 
being between 20 and 30/i. Tlie bilum is placed 
close to the narrow end and tho striations arti 
visible in the larger granules if properly illumi¬ 
nated. 

Ginger is used as a condiment and flavouring 
agent and in medicine ivs an aromatic stimulant 
and carminative. 

Composition .—Its chief characteristic con¬ 
stituents are a volatile oil to which the aroma is 
due; a fixed oil, gingerol, which gives the pungent 
flavour ; starch and resin. The following flgures 
(Richardson, from Leach, Food Inspection and 
Analysis, 440) wiii afford some idea of its 
composition :— 


Table I. 


— 

Water 

Ash 

Vola- 
tUe oil 

Fixed 
oU and 
resin 

Starch 

Crude 

fibre 

Alba- 

Nitro- 

gen 

OaJoutta .... 

9-60 

7-02 

2-27 

4*56 

49*3 

7-46 

0*30 

13-4 

i 

1*01 ( 

Cochin ..... 

9-41 

3'39 

1-84 

4-07 

53-3 

2-06 

7-00 

18-9 

1'12 1 

Unbleached Jamaica 

10-49 

3-44 

203 

2'29 

50-6 

4-74 

ro'86 

Id'S 

1'74 1 

Bleached Jamaica (London) 

1 11*00 

4*54 

1-89 

3*04 

49*3 

1*70 

9-28 

19-2 

1-48 

„ „ (America) *. 

Wy: .. .s. 

1 lOil 

i 

6-68 

2-64 

2'69 

60-7 

7'06 

9*10 

n-7 

1-46 
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Determinations by Oarnct and Grier {Pharm. 

J. 1(K»9, 83, 159-l(i0) give the gingoroi a« from 
li to2*2p.c. 

TfacconipoHition of gingoroi has been further 
invastigatefl by Jvajiworth, PoarNon, and Royle 
((’hem. 8oe. Traiin. 10<)7, HI, 777), who found 
the pungent principle of ginger to bo a mixture 
of saturated phenolic cojn|)oun<lH derived from 
a residue of zmgerone {ik below) in association ■ 
with a moliHoilar prop<irt,i<m of the nisiduc of a 
saturated alipliati(^ ahhiliyde. The gingerol 
was obtained l)V extracting th(( residue from an 
alcoholic exirraet of ginger with 35 p.e. alcohol, 
evaporating in radio at' minimum temperature, 
removing water as far as possible an<l re- 
extraeting with 5(1 p.e. aleoliol. To the solutum 
milk of lime was then add(‘d, and after 
standing the clear liqui^l was neutralised with 
hydrochloric acid, and the alcohol again reinovi'd 
under reduced pressuro. 'Plie resulting oil was 
separated from water, dissolved in eliloroform, 
tlio solution and evaporaicid. After 

fractional extraction with hot potroUmm and 
removing the latter, a viscous yellow oil was 
obtained which was further puritit'd by distilla¬ 
tion in a cathode ray vaeuurn, 'Phe bcHtHainples 
of the faintly yeHf»w oil probably contained 
alioiit 25 p.e. of impurities. 

From it was jirejiared metbyl-gingerol. 
which crystrallist's in slender ncialles, ni.)). (54'C\, 
optically active in 2 p.e. chloroform, 27 3". 

Zitufironr. Nomura ((Jiioin. Soc. Traus. , 
1017, 111, 7b0) has prepanal fmm ginger, also I 
Ijapwurth and Dykcis from gingerol {ibnL 783), i 
a ketonie body, Znigrronr, tlie yield amounting j 
to about 0 04 p.e. of the ginger, to whudi they ; 
agree in assigning the formula the ■ 

constitution of tlie metone being 

OMo 

COMo— 

From ginger it was prepared by shaking the 
ethereal extract, previously evaporated to a , 
syrup, with 2 p.e. sodium liv<lroxide, passing , 
carbon dioxi<lo tlirougli tlio alkaline licpiid and 
extracting with oilier. ; 

The ethereal solution, washed first with 2N.* 
sodium carbonate and tlieii with water, until no 
longer alkaline, was evaporated, distilled under 
a pressure of 13 -23 mm. and afterwards under 
0*6 to I mm. until the temperature of the 
water-bath reached 320'^. From the distillate 
the bisulphite (compound of the ketone was 
prepared. This was washed with other, decom¬ 
posed with sodium carbonate, and the R'sulting 
oil extracted with ether, the solution washeil 
with water, dried over anhydrous sodium 
sulphate, and evaporated. 

The oil, when shaken wish a crystal of the 
solid ketone, solidified, and‘ was roeryi’.taUisod 
from light petroleum. It forms colourless 
needles, rhomoohodra, or lustrous plates, in.p. 
40®-41® (Nomura), 3F’--34® (Lapworth, Pearson, 
and Royle), and has the odour ot salicylaldehydo, 
and the pungent taste of ginger. It dissolves 
oasily in most oiganic solvents, except light 
petroleum, but sparingly in water, and is only 
slightly volatile In steam. Warmed with con¬ 
centrated mineral acids the mixture shows a 
striking series of oolour changing from faint 


yellow to brown, and then deep purple; on 
adding alkali it becomes blue, green, and finally 
colourless. The mixture gives a red colour 
with Millon’s reagent, dissolves to a green 
solution with alcoholic ferric chloride, and 
reduces ammoniacal silver nitrate. 

From it were jirejiared a moncbenzoyl 
derivative, colourless crystals, melting at 126®— 
127®; a crystalline vwnoacdyl derivative, 
m.p. 4(F-42''; also Methyl Zhigerone, m.p. 66®- 
i 56'' ; Methyl Zingcroiii -oxme^ m.p. 03®-03'6° j 
and EihylPjinfjeroiie, in ji. 6(5’. 

Jn addition to zingcrone, Nomura finds in 
' .Tapai\es(‘ ginger a jmngent. principle HhogaoU 
I (’,,ll.. 4 ()j. b.p. 231'--23H‘7I5 5 mm.; sp.gr. 

I 1 •b44K/'25\ (‘oiitainiiig a methoxyl radicle and 
I a hydroxyl and ketonie group. Nomura and 
; Nozawa have siiughi to establish to what eon- 
! stitutional factors (he pungency ol the principles 
in ginger is duo (3. Soc. (’.hern. Ind. 1018, 

; ()06, A.). 

Brooks and Ifumjihroy (.1. Amor. (Ihom. Soc. 
i 1916, |38] 430) propareii from ginger oil freed 
: from terpones and sesqui terpenes a tertiary 
' aleoliol distilling between 154® and 157" at 14‘5 
. mm. pressure, having the formula 
which possessed the peculiarly fragrant odour of 
I ginger. From it the hydrocarbon in zmgiberino 
I (', 5 H 2 i, boiling from between 254'’ to 257"®, was 
j obtained. 

Adnltrration. —'I’he only form of aduUeration 
to which whole ginger is subject is the addition 
of or substitution by ginger from wliii h more or 
loss of the strength has la^on removed by ex¬ 
traction with dilute aleoliol or water, in the 
manufacture of ginger beer, &,c. ; or with 
strong alcohid for t.hc preparation of the essence 
or tincture. Ground ginger may he adulterated 
by the addition of foreign starches—wheat, 
maize, rice, turmeric; and in the past at all 
events, cayenne pepper and turmeric liavo been 
employed to restore tlie pungency and oolour 
where these have been reduced by the practices 
already referred to. 

Mineral matter, especially calcium carbonate 
and calcium sulphate, may also be present in 
excess, owing either to t.lu‘ir delilK'rate addition 
or to the too liberal employment in the prepara¬ 
tion of the article. 

Detection of adulteration. —The detection of 
exhausted ginger in small proportion i.s at 
present impossible, and even when the amount 
is substantial, the problem is by no means 
an easy one, because the constituents which 
are removed by extraction with alcohol and 
wat'Cr occur in widely varying proportions, 
even in difiesont samples of tlie same kind 
of ginger, while, in the case of different kinds, 
the variations are still more marked. The 
tables on p. 377 show this and also the changes 
in composition brought about by the processes 
' of extraction as commercially carried out. 

The most useful determinations for the 
detection and estimation of exhausted ginger 
are the ash soluble in water, the alcoholic extn^, 
after extraction with ether, and the cold wa^ 
extract, and these may with advantage be 
supplemented by the light petroleum extract 
or the methyl alcohol extract and a determination 
of the potash. ^jVIicroscopioai examination is of 
I no {u<»istance but the t^te and smell of the 
1 sample are of limited'btility on account of 
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Table II. —Results op Analysis op 87 Samples of Ginqeb. 
(Zeit. f. Untersuch. des Nahrungs u. Genuss. 1907, 14, 549.) 


— 

; Water 

1’otul 

anh 

Soluble 

ash 

Haiwl 

1 Ether 
extract 
: (vola- 
; tile) 

Ether 

extract 

(Axed) 

Alcohol 

extract 

after 

ethor 

Light 

petro¬ 

leum 

Methyl 

alcohol 

extract 

Highest 

. 13-85 

9-33 

4-51 

3-71) 

! 3 os 

8-08 

4-4« 

5-77 

0-68 

Lowest 

9-20 

3-24 

1-52 

0-05 

0-W) 

2-84 

1-12 

1-96 

3'82 

ExtracU'd Cochin . 

. 13-26 

3-28 

0-99 

Oil 

0-48 

1-32 

0-67 

0*69 

i-54 

,, Bengal . 

. 13-42 

4-r,2 

1-93 

0-97 

0-46 

1-18 

0-55 

0-54 

I'iK) 


Table Ilf. 

(Olayion, Analyst, 24. (18911) 12.*!.) 








.Gcohol 

J.lght 




Alka* 

• — 

No. of 
HHinp. 


Water 

Cold 
w uter 
extract 

Ether 

extract 

100 p.c. 
extract 

1 after 

l)etn)- 

letnn 

extract 

Anh 

Soluble; cold 
ash ' water 
ioxtract 

Unity of 
soluble 
ash (as 







etIuT 

(llxc<l) 


KjO) 



(max. 

14-76 

15-88 

3-71 

; 1-81 

2 00 

6-19 

3-81 

4-52 

— 1 

Whole ginger 

11 

|mm. 

11-18 

t)-69 

6-88 

! 0-8S 

1-24 

2-67 

1 1-27 

1-74 

- : 


1 imniii 

13-33 

9*9() 

4-88 

1-37 

1-60 

3-71 

1 2-27 

3-10 

— ! 

Ground ginger I 


jmav. 

11-83 

15-40 

0-37 

1 1-21 

3-57 

6-47 

j 3-48 

3-84 

0-33 , 

9 

<min. 

10-39 

4-54 

4-42 

0-41 

1-43 

2-05 

i 1-43 

1-72 

013 i 

(commercial) . / 

(mean 

11 -32 

10-36 

6-18 

0-81 

2-11 

4-50 

; 2-4(1 

2-96 

0-24 



max. 

12-07 

14-06 

4 33 

1-07 

1-49 

2-70 

1 1-13 

I-IM) 

0-15 

Exhausted ginger 

10 

|mjn. 

11 -05 

2-57 

, 1-79 

■ 0-(i9 

OK) 

1-41 

0-43 

0-61 

0-04 1 


(mean 

11-62 

' 7-89 

, 3 -20 

0-77 

0-76 

2-06 

' 0-49 

1-08 

0-09 


great variations in strength of the different 
kinds of ginger. 

No legitimate manufacturing ojjeration affects 
the analytical results sufficiently to cause any 
trouble {Clayton, l.c.), but it must bo borne in 
mind that the method by which the sample has 
been extracted, of which the analyst is usually 
ignorant, considerably affects the analytical 
results. (For tho effect of exhaustion with 
alcohol of different strengths, sec Liversedgo, 
Pharm. J. 189G, ii. 112 , and for information as 
to methods of extraction actually employed by 
ginger beer manufacturers, &c., see Analyst, 
1893, 8 , 200.) 

The starchy substances likely to bo added to 
ginger may bo detected by the microscope. 
The unsymmetrical cross observed when ginger 
starch is viewed under poiariscu ’light distin¬ 
guishes it at once from wheat. 

Capsicum may be detected by tho tost 
Boggested by Garnett and Grier (Pharm. J. 
19w, 441), based on tho fact that the pun- ! 
gent flavour of gingorol is destroyed by heat¬ 
ing with alkalis whereas that of capsicum is 
not. 

Standards .—^The United States Department 
of Agriculture has fixed the following standard 
for ginger: the starch (by diastase method) 
shall not be less than 42 p.c., the crude fibre 
not over 8 p.c., the total ash not over 8 p.c., 
the lime not over 1 p.c., and the ash insoluble 
in HCi not over 3 p.c. British Pharmacopceia : 
Alooholic extract (90 p.c. alcohol) not less than 
5 D.C., and cold water extract not less than 
8*0 p.c., ash not to exceed 6 p.c., insoluble ash 
under 1*5 p.c. The Pharmaceutical Codex 
provides that the volatile oil shall be between 


1 and 3 p.c., the ash between 3 and 5 p.c., and 
the aqueous extract not under 10 p.c. 

C. H. C. 

GINGER GRASS OIL v. Oils, Essential. 

GINGER, OIL OF, v. Oils, Essential. 

GINGKOIC ACID COOH, m.p. 36®. 

is obtained from the fruit of Oivgko hildha 
(Linn.) (Sohwarzenbach, J. 1857, 529). 

GIROFLE. Dimethijljdutnori/losafraninc (t\ 
Azinks). 

GLASERITE Aphthitalito {g.v.). 

GLASS. History. Despite Pliny’s pretty 
story of the accidental discovery by the 
Phoenicians of the mode of making gloM, all 
evidence points to Egypt aa havii^ been the 
home of the art. Flinders Petrie in Arts and 
: Crafts of Ancient Egypt, says that glassmaking, 
apart from pottery, does not go back further than 
1600 B.o. and that blown glass was not developed 
until many centuries later, the glass object b^g 
fashioned round a core of sand. Tho Pheenioians 
most probably acquired the art from tho 
Eg 3 rptian 8 , and they carried their glassware, 
beads, and vases, as well as Egyptian glassware, 
into many countries bordering upon the Mediter¬ 
ranean. In the Ist century b.o. the Roman 
market for Egyptian glassware developed at a 
rapid i%te, resultillg in tho attraction of a num^r 
of Egyptian workmen to Rome and tiu> setting 
up there during the last half-century b.o, of a 
number of factories. UlMsmakiiig under the 
Romans reached a very high standard, and in 
; respect of some productions their manipulative 
; sb^ has scarcely been surpassed. Many new 
j shades of colour in glass were developed whilst 
glass engraving and the production of cameos 
were weu advanced. 
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The Venetian glassmaking period dates baek 
to the beginning of the 13th century, and reached 
its oulmiiiating porifxl in the Idth and 17th 
centuries. TIio fstno which the art brought to 
the Reiml)lic of Venice was marked by the 
privilog<‘(l |MiKi(ion attcordcd by the State to tlu^ 
^(lorporation of (JlHsHmakors, as instanced by 
the enaetnicnt which permitted nobles without 
h>HH of rank to marry daughters of glassmakors, 
and by other law'.s wincdi inflii'Usj heavy )K*na!tieH 
on N'enidians who wont abroad and taught the 
aH of glosHnniking. Klegance of lonu character- 
isiul the Venetian produidions which were made 
of a lime glass, either plain or ornanient<*d by a 
variety of methods including lihgroe work, 
lfvtti<5e pattern and gil<ling. 

(llasHinaking was undoubtedly carrnsl on in 
Kngland, Prance, and (iermany under Roman 
<iccupation. in later times, the earliest iefei*eneo 
to the exist^'ine of glass manufaeture in this 
country was in \4‘M when the Countess ol 
Warwick stipulated tliat no English glass should 
1)0 used in tin- window’s of th(' Beauchamp 
Chajiel at Warwick. Elizabeth muleavoured to 
build up a native industry, but it was not until 
the lat<-r half of the 17th century--and <*spoci- 
ally during tin* IHth—that it acquired import- i 
imce. London was the chief centre in the i 
devolo]>meiit, whilst Nowcastl(‘ ])iobably fol- | 
lovvwl in order. 'I'lie chief contribution of [ 
JOngland to tin* glass industry W’as the discovery j 
in the 17th eontmy of lead glass, ami the brilliant ! 
elh*et produee.fi by the df'coration of tliis gla.'^s 
by the cutting ]>rocess eontributf'd to the df'cllno 
in the demand loi the \'enetian wares. 

'Fhe intensive scientific study of glass was 
the outstanding feature of (lennany’s f'fforts in 
the last' quarter of tlio MHh century. Already 
in England in 1834, Rev. V. Tlarcourt began a 
long series of invf’stigations of the relation 
betw'oen the jihysieal properties unil the com¬ 
position of glass, and showed that borate and 
])ho8pbate glasses bad valuable ojitical pro- 
[wrties. This work was pursued, in later years 
in conjunction with Stokes, until 18(>4, when 
Hareourt died. Sfdiott’s exjieriments, beginning 
with the lithium glasses, described in 1879. wei-e 
morti successful in that they culminated in 
commercial manufacture. Early on associated 
w'ith the physicist Abbe, considerable improve¬ 
ment was soon effected in optical glass, and, 
uniting with the firm of Zeiss, tlie first works at 
Jena were founded in 1884. Many new varieties 
of optical ^lasB were made, whilst the information , 
obtained m this field not only by Schott, but' 
also by Winkehnann, WelJer, and others 
attached to the Jena sv^hool of workers, led to 
great improvement in chemical glassware, 
thermometer glasses, and heat-resisting glass. 

No glassmaking of any real note took place 
in America before 1800. The last twonty-five 
years there have been noteworthy for remark- | 
able mechanical inventions fo^ the maniphlation ’ 
of glass. In this field the Americans stand • 
supreme. I 

As the result of the war, glassmaking has i 
develo]^ in a number of new centres. In both j 
(treat Britain and America chemie.al glassware ! 
superior to the beet German has been produced, i 
whilst remarkable progress has been made in | 
England in optical ^ass of high quality. Ja|>an | 
has undertaken extensive glass manufactures, i 


whilst In<lia is cultivating the industiy. Qiaas> 
making is likewise being encouraged 'as new, or 
comparatively new, industries in Austni^a, 
South Africa, Brazil, and the Argentine. 

Glass. 

Deflnition. Owing to its complexity and to 
the large numlier of possible varieties, glass 
j’annot b<‘ brought adtsjuatoly within the scope 
of a single or sim])lr definition. It may l)e de* 
lined as amorphous, hard, brittle substance, 
usually transjiari'nl, but sometimes translucent 
or even ojiaqiie, breaking with a conchoidal 
fracture and ('onsisting ol a mutcnial iibtained 
by the fiisnm of one or more ol lln^ oxides, 
silieu, borie o\ule, phosjihorie oxide, and the 
inetallie oxides, followed by sullieiently rapid 
cooling of the fused mass as t.o pi'ovcnt crystalli¬ 
sation of the components. 'Phe glass may 
be colourless ttr may be coloureil either 
by one or more of the constituent oxides 
or from the cfTeet of neutral bodies such 
as (iarbon, sulphur, and selenium. Accord¬ 
ing to the definition, glass, being amor- 
])hous, will be isotro]>ic. 3'liere are some sub- 
stanei's, bowev'er, which, in certain optical 
instruiiieiits, serve as gla-sses but are anisotropic 
in eliaractei, and have projverties differing in 
the directions of their crystallographic axes. 
Such crystalline substances in common use are 
quartz, fluorspar, and calcspar. or Iceland 
spar. 

Properties of Glass. From tlieir mode of 
j)iv])iuation, (*rdiriary glasses must be con.sidered 
as mixtures j)f compounds, usually of silicates, 

I but also of borates and, in ran'r cases, of phos- 
; pbates an<l ai-aenates. A study of the freezing 
! pf)int curves or equilibrium diagrams of binary 
! ami feniarv mixtures of silica with other bEtsic 
oxides has been the most fruitful source hitherto 
of our knowledge of these compounds probably 
present in silicate glasses (sre, for example, 
Hilpcrt and Weilter, Ber. Um, 42. 2969; 1910, 
43, 266r). Day and >Shephcrd, Amer. J. Soo. 
1906, 22, 265, Rankin and Wright, ibid. 1916, 
39, 1. Shepherd and Rankin, ibid. 1909, 28, 

, 301 ; 1915, 39, 9. Rankin and Wright, ibid. 

: 1915, 39, ()8); whilst the investigations of 
I WslUce ('Prana, (’er. Soc., 1909-10, 9, 172) and 
' others have shown that some of these silioatos, 

I such as sodium and barium metasilicates, 

' lithium and sodium motasilicates, and sodium 
' aluminium trisilicate and calcium aluminium 
trisilicate (albite and anorthite) form continuous 
series of solid solutions; and certain others, 
such as lithium and calcium metasilicates, are 
soluble only to a limited extent in the solid 
state. 

On rapid cooling, the viscosity of the mass 
increases greatly and the mixture at length sets, 
not at any definite temperature, but over an 
interval which it is not easy to ^fine with 
precision. On reheating, it also softens gradually, 
and has no melting-point. Aocordmgly, the 
commonly prevailing view is that glass is to be 
regarded as a si^r-oooled liquid of extremely 
high viscosity, it is the high viscosity which is 
the most important factor in preventing the 
sejKkration out in the crystalline form of the 
compounds present, althou^ it has been 
suggested that even iQi apparently transparent 
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glasseB, incipient oryatullisation may exist, thus 
explaining, for example, the phosphorescence of 
fused zinc silicate and bringing glass into line 
with the behaviour of certain other amorphous 
substances, such as sulphur, which tend to 
revert to the stable crystalline state {see 
Jackson, J. Roy. «oc. Arts, 1911); JS. ('. Rrmi- 
ford, J. Soc. (ilaes Tech. 1919, 9, 282). 

I'he general statement made above m regard 
^ the sotting and tin; softening of glass, is not 
intended to imply that these jjnwcsses are 
absolutely continuous. Tool anA Valasek 
(Bureau «)f Standards Fa]>cr 8 , 1920, No. !)5S), 
indeed, hav(' shown that there is distinct dis- 
continuity in the Ijeating curve of a glass when 
softening begins, due to sliglit heat absorp¬ 
tion, and a corresponding heat evolution on 
cooling. 

Although ordinary glasses consist of mixtures 
of compounds, tlie ju opertics of glasses can, with 
a considerable degree of suiniess, be referred to 
the influence of tlie constituent oxides or added 
substances; indeed, in some propiaiios then* ; 
apjioars to bo an additive relationshij), as in the 
case of the density and the (;oelHciciit of expansion i 
of sodiimi-oaleium silicate glassc-s of Rjjmlar 
molecular type. 1 ’he following important jiro- i 
perties are largely discussed on the basis of the ' 
effect of the constituent oxides. ; 

Durability. Keaistanco to disintegrating 
agents such as water, aqueous solutions of salts, 
acids, or alkalis, utinosplieno moisture un<l 
dust must be possessed by a glass if it is to be 
capable of service. Borate glasses and phosphate 
glasses, whilst possessing valuable ojitical pro¬ 
perties, have hitherto lH‘en litth* used owing 
to instability in the presence of weathering ' 
agonte. 

Methods of testing the durability of a glass 
are numerous (t-auwood, English, an<l Turner, ^ 
J. Soc. Glass Tech. 1917, 1, 153). Mylius em¬ 
ployed a test in which iodoeosin was jirccipitated 
from an alcohol-ether solution by the alkali , 80 t ' 
fi*ee from the glass surface to which it* was 
applied. The amount of iodoeosin precipitated ; 
per unit area of a frdcturt‘(l glass surface after 
the latter had been exposed initially to an | 
enclosed damp space for seven tlays before lieing • 
dipped in the if)doeo8iii solution for one minute 
at 18®C. was called the weathering alkalinity. ^ 
According to the weathering all^linity, the . 
durability of the glasses examinct’ was classified ' 
as hj, hj, hj, h 4 , hy Thus: 

m.gm. iodoec^ii) per sq metoe 
Weather- Alkalinity by 

ing solntiou from 

alka- Dura- hollow \vare 
Unity blllty* at 18" at 80"* 


Iq 0- 5 0- 20 

h. 6- 16 20- 61 
h, 16- 49 61-202 
h. 40-202 202-809 
h! >202 >809 : 


Class Types of glass 

1 Water resistant . 0- 5 

2 Kesistant glasses. .^>-10 
8 Hard apparatus . 10-20 

4 Soft ,, , 20-40 

5 Dnaatlsfactory >40 

glasses 


Peddle (J. Soc. Tech. 1920, 4, 39) found that | 
the amount of alkali extract^ from powdered I 
glaM (160 meah) by treatment with water at ; 
80® for 1 hour was a ready measure of durability. ! 
With five optical glares previously classified , 
by Schott as h], h,, b 4 , resp^ively, he i 

l^d: • ! 

* Seven days* treabnent at 18*, three hours at 80". ^ 


iB.gm.H|604 
required to 
Schott neutralise 
classiftoa- alkali from 
of gla'^s Schott No. tion 100 grs. sloes 
jjght barium flint 0463 h, 159 

Borosilicate crown 0144 hg 362 

Silicate crown 0337 I 13 680 • 

. 0203 hg 729 

„ . 0381 hg 899 

The reagents tending to corrode ohenuoal 
glassware may be ( 1 ) water or salt solutions, 
(2) acids or achl solutions, (3) alkalis or alkaline 
solutioiKs. Usually the corrosive action of 
aIkuUn<; solutions, such as Hodiuni or potassium 
hydroxides and carbonates, is much more severe 
than tiiat of acids or water. Concentrated acids, 
sulphuric and nitric, ajipcar to act on lime-soda 
glassware to a loss extent than pure water. A 
fla.sk of first-class chemical glassware should not 
lose more than about 1 m.gm. per 100 sq. cm. 
when j)ure water is placed in a 5(K> c.c. flask and 
evaporated from 300 c.c;. to 100 c.c. in two 
liours ; hydrochloric; acid solution of 20*24 p.c. 
strc'iigth should not extract more than 3'4m.gm. 
j»er 100 HCj. cm. whim cvajK)rated from 260 o.c. 
to 100 c.c. m lA hemrs in a 500 c.c. flaek; 
2N.-cau8tic soda should not extract at 100® for 
throe hours more than about 100 mg., and 
2N.-sodium carbonat e not more than 36 mg. per 
loo wp cm. (CaiiwcKMl, English, and Turner, 

In the case cjf water, the amount of oorrouon 
may more accinatoly be determined by the 
extracjtion of alkali ; for the nature of the 
action, namely, first absorption of the water, 
followed by hydration, is such, that the net loss 
in weight of th(' glass may bo less than the 
actual extent of corrosion. With HCl, the 
coriosion may bo determined by evaporation 
of the acid extract in platinum, gentle ignition 
to avoid loss of the alkaline chlorides, and 
calculation of the weight of residue in terms of 
NagO or KgO. 

Oxides which liestow (1) resistance to water 
are SiOj, BgO,, AljOg, ZnO, PbO ; (2) resistance 
to acids, Si0.g, AlgOg, (^aO, BgO,, ZnO; (3) 
resistance to alkali, AlgO^. Acidic oxides 
naturally do not offer gittat resistance to 
alkaline solutions. 

The weathering of optical glass has also been 
measured by exposing it to moist air for definite 
periods and also to dust. The latter may be 
organic and serve te condense moisture or to 
produce acid matter. Blobs or hair-like mark¬ 
ings, or both, may in consequence be developed. 
The weathering power of optical glass can be 
determined most speedily by the determination 
of its chemical resistance to water 
W. E. S. Turner and collaborators, J. 800 . Glass 
Tech. 1917, 1, 146, 153, 213 ; 1918, 2, 219, 236; 
1919, 3 ; 129, 228; E, Zschimmer, Chem. 
Zedt. 1901, 25, 780. C. J. Peddle, J. 800 . Glass 
Tech. W20. 4, 39)e 

Thwinti expansion appears to be a linear 
function of the composition in a simple series 
of gla^s (English and Turner, J. Soo. Glass 
Tech. 1919, 3, 238; 1920, 4, 116; 1921,6, 183). 

In the tri-silicate series of glasses SSiO^aiGaO 
(or MgO) ‘yNa.O where a;-f-y=l, the ouoiuxD 
glasses have linear expansion ranging from 
115*3 XlO**’ when OaO is 0*0 p.o. to 76*9x10"^ 
for CaO 11*63 p.c. For MgO 1*10 p.o. It Is 
IIM X10-^ and for 9*30 p.o. 60•4XlO''^ 
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GiBAScB of comnarativoly small expansibility 
oan therefore bo obtained by suitably modifying 
the comp<; 8 ition. I*yrex glass has a linear 
ooofficient of .‘{2 ’ 10 dena of 42X10”’; 
Jona 10*” of 70 0 10 (Hasses rich in alkali 
have higfi exj^nsibility. SiOj* MgO, an<l 
Zn() reduee the expanKil)ility. 

Winkcbnann and S<'hott found eni])irically 
that the eubicial exj)aiujion (3a) of a glass could 
l>e n'j)resented by the formula 3o" xa-\ yh-yzc 
where x, y, and ^ arc the j)erceniag(‘H of each 
»)xide and «, li, an<l r the < ontribution to tfic 
total cubical exjiatisum wlueh each I ]).c. of the 
oxide makes. 

'I’he factors rt,/), r, A’c. <'alculai<*d l)y \Vink(^l- 
mann and Selndt liave Issui shown by Knglish 
and 'fumer not to la* correct in some cases. 
The reealculate<l values of 3a for four oxides 
are SiOa. 0-15; (‘aO, 4-9; Na^O, I3'0; and 
MgO, 1*33, multiplu'd by 10 • in eacli cas<*. 

The rate ot expansniii increases wilii tern- 
}M^ralure. Uj) to near the softening-point, the 
tomp(!rniure coi'llicient ajipj^ars to Ik* linear. 
Over th(! softening range (about 40"'(‘ ) tlio rate 
of (?x]>ansion increases nota))ly, being from two 
to seven times the rate jirior to softening {see 
Pett'rs and Cragoe, .1. Amer. Opt. Soc. 1920, 4, 
103). 

Aimid. from tlie desirability of using low ex¬ 
pansion glass for chemical ajiparatus (beakers 
and flasks) and heat-resisting illuminalnig ware, ! 
the magnitude of the iMxdliciiuit of exjiansion i 
is of importance whim two glasses have to be 
united, as in the ‘flashnig’ proee.ss, or when 
metallic wires liave to be sealed into glass. In 
both cases it is desirable* for the two objects to 
be sealed to have raU^s of cxjmiision not very 
far diHercnt. 'I’he expansion rate of a glass can 
by modifying its composition be varied over a 
eonsidoraule range so as to jirovide for the 
sealing in of metals such as copjier and tungsten. 
'I’his variation of linear thi'rmal e\})aiiaion may 
range, approximately, from 30 X lO^’toKlOx 10'*’ 
(K. (\ Sullivan, .1. Soc. C'hem. Ind. 1916, 35, 
51). Load glasses have been largely used not 
ftniy for casing or depositing one ou the other 
in layers, but also for sealing in platinum wires. 
The cixdlicient of expansion of a normal lead 
glass containing 20 30 p.e. of lead oxide is not 
very far i-emoved from that of platinum. There 
is no doubt. Iiowovit, that suci^ossful easing or 
soaling-in depends also on the softness or 
plasticity of the materials to be united, and 
lead glass possesses this jiroperty in a marked 
degree. 

Resistance to Sudden Change of Temperature 

depends not only on the thermal expansion 
but also on the specific heat, the conductivity, 
the density, the tensile and compression strength, 
and elasticity. The so-oalled themuil endurance 
oan be measured oomi>arativcly by heating to 
a definite temiieraturo glaffe roils of' similar 
length and diameter within a vertical electric 
tul^ fumaoc and then allowing them to fall 
into cold water at a definite temperature. 
Flasks may be compared by charging them 
'ndth parariin wax, heating them a definite 
temperature and plunging into water at 20°C. 
Well-annealed Jena flaaks have been found to 
withstand sudden chilling from 250" to 20", 
although the range usually observed is not 


quite so wide. Both the actual thickness and 
the uniformity of distribution of the glass in a 
piece of glassware influence tlio cracldi^ tem- 
jierature. (‘ominon beer bottles containing hot 
water and immerwd in a liot w'ater bath will 
rarely withstand removal and quenching from 
8 (T ( 1 . to 20 ”(!. in cold water. 

The thermal conductivity of glasses has been 
investigated by Winkelmann, by Paalhom, 
and by Foc^lis, but it cannot yet be said that the 
relationship Is^ween eomjiosition and thermal 
composition has yet been worked out satis¬ 
factorily. A]>parently, mereasing the amount 
of the oxides AJ-^Oa, SiOj, MgO, and (‘aO 

tends to increase the conductivity of the glass, 
whilst the oxides PbO, ZnO, BaO, and K 2 O, 
on tlic other hand, most eifectively diminish it. 

The specific heat <>f glasses at temperatures 
o' -109" can be calculaUx! approximately from 
the values for the oxides by use of the formula 
^ .1 V<i r J 


(' 


iw''' ■' 1 <k/'=+ • • • 


where /q, pg’ * 1 *® percentage amounts 

of each oxide, and c,, &c. the specific 

heats of th(! oxides, (■ being Ibe sjK'cific heat 
(*f the glass. The values for some oxides ai‘e 
HiO;, 0-191; B 2 O 3 , 0*227; Na^O, 0*267; 

K.O. 0186; OaO, 0 -llM); BaO, 0*067 ; MgO, 
()'244; PbO, 0*051; ZnO, 0125. Knowledge 
of the 8 |KKMtiu heat of glaasi's at high tempi^ra- 
tiires is almost entirely lacking (.vcc also W. 1 *. 
White, Anicr. J. Sci. 1919, 47, 1). 

The density, in the caso of glasses of similar 
constitution, varies in an approximately linear 
manner witli the composition (Larsen, Amer. J. 
Sci. 1909, 2K, 263; 'rillotson, ,1. Iml. (‘hem. 
1911, 3, 897 ; liinglish and Turner, J. Soc. Glass 
Tech. 192(», 4, 78, 153). This applies, for 
exain]>le, to the sodium-caleium and sodium- 
magnesium tnsilicato glasses. 

In general, the densest commercial glasses 
are those cont-aining lead, although thallium 
glasses are still sjiecifically h(*avier. Lead 
silicate glass, containing approximately 80 p.c. 
PbO, has a density of about 6'3. Winkelmann 
believed the density and comjiosition were so 
related that l 00 /T)=pi/r/, 4 • • • 

where T> is the density of the glass, p„ pj, pj, 
&c. the percentages of the several oxides, and 
d,, d^, dg. Ac. the density factors by which the 
density was increased for each 1 ji.c. of oxide. 
These density faetom were, for SiOj, 2*3 ; B 3 O 3 , 
1*9; CaO,'3*3; NagO, 2‘G; PbO, 9*6 («ee. 
however, English and Turner, lx.; Baillie, J, 
Soc. Glass Ind. 1921, 40, 141.) 

Young*s modulus of elasticity was shown by 
Winkelmann and Schott to be related to the 
composition in such a way that if £ is the 
elasticity, E—aiZi+aiZg-fagZjq- . . . ^where 
Ui, 03 » Ac. are the percentage amounts of 
each constituent oxide, and Zj, z^, &c, 
factors W'hich represent the increase of elasticity 
due to each 1 p.c. of the oxide. These factors 
were calculated by Winkelmann and Schott, 
but there is reason to doubt their accuracy; for 
example, the effect of CaO when replacii^ NftiO 
in a series of triailicate glasses is to increase 
greatly the elasticity (J. B. Clarke and W. £. S. 
Turner, J. Soc. Gl^ Tech. 1920,4, 260) whereas 
Winkelmann and Schott Ascribe equd effects 
to them. For tli« glass 6 SiOa, PONagO, 0*lCaO, 
E=5930 kg./mm.*_ and for 6 SiO}, l’1N»|0, 
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O-SCaO, E=7249 kg./mm.>. Zschimmer gives i the aolobility limit. The constituent may be 
linuting values hitherto found for different I silica or may be a silicate, the former frequently 


glasses as 4800—7970 kg./mm. 
with SiO*, 66-6 p.c.; CaO, 18*06 
Na^O, 12*7 p.c., nowovtT, had a value 8343 
kg./mm.* (Clarke and Turner, Lc.). 

Tensile strength has proved in the iKist 
not easy to measure with accuracy. Zscliiiu- 
mer quotes limits found for glasses as 3*3- 
8*1 kg./mm.*. Winkelmami and Schott con- 
eluded that an ad<litive relationsliip cxistc<l 
between composition and tensile • stri^ngth. 
Glasses containing ('aO and ZnO him highest, 
and those with Na^O and K^O least, tensile 
strength. 


A glass j being deposited both from lead and from 
p.c., and : calcium glasses containing n high proportion of 
, eiiiea. This silica may be, according to the 
temperature, cristobalite or tridymite, and may 
give the glass either a mere opalescence or 
«mokii»e.s.s, or may produce a dense white deposit. 
Gf the silicates, CaSiO^ or woilastonite, is the 
best known causi'! of devitrilicalion of soda* 
lime gla>He 8 . >5 from barium crown 

glass(?a has also In'cn observed. PhSiOg is only 
(iepositod from glasses containing a very high 
proportion of l‘b(). Devitrification depends on 
the maintenance of the 8 t)ft glass at a suitable 


The compression strength is much greater ; deposition temj>erttture for a sullieicnt length of 
than the tensile strength. The limits quoted ; (unc. Tlio viscosity is therefore a most impor- 
by Zschimmer from the observations of vanous ; tant factor. In this connection, lithium ’ 
workers arti ()0*r>-126'4 kg./mm.*. According to 


Winkelmaim and Behott, iSiOjj, Al^Os, MgO, 
and B^Oa effectively ineiicaso rosistanci* to 
compi* 08 siori, whilst the alkalis Na^O and K„{) 
as well as BaO reduce it most. 

On the viscosity of glass and es]>ecially 011 
the change of viscosity with temjicrature 
depends its woridng m jiractice. Unfortunately 


are nntst readily devitrificd, sodium less easily 
and ])otassium least of tin* tlire^^i alkalis, the 
viscosity increasing rapidly also in this order, 
the potassimn glasses Ibeing piost viscous. The 
addition of certain oxides, as AIjO^ and B,Oa, 
hinders devitrincation, and for this reason the 
first-named oxide is a constituent of lamp* 
working (In'iich glass blowing) glasses, and is a 


few systematic data have been rccoided. Ijcacl | useful addition to sodium caicium glasses which 


glasses arc notew'orthy as having a long wc^rking 
range, that is, the viscosity changes slow’ly 
over the range from to 850 ’. On the other 
hand, high CaU content gives lluidity above 
1200 ", but the glass v(;rv rapidly sets when 


cooled below 1100^ Such glass in therefore | are usually those' most 

advantageous in producing hand-made thick-, ^^^athering and chemical attack. 


have to he maintained for any considerablo 
tune in a fairly jilastie state. 

The specific electrical resistance is influenced 
by the state of annealing, well-annealed glass 
having thi“ higher resistance. The best insulating 
resistant to 

walled bottles of 'consi.iemi.io size. Magtiesm I 

g asses have much higher viscosity than lime | electrical n-sistance. The glass containing 
g asses at high temperatures. Silica and | j-p) 33 Al,O„«-0; ]iaO, 48-0; and B,0„ 

alumina increase the viscosity. (Hasses con- i Oray and 

taming both Na ,0 and K ,0 work more easily Dohbie observed that the electrical conductivity 
than those with one a,lkahne oxide on y (srr | „f ^^as doubled for each 9 °C. rise in 

K. Arndt, Zcitsch. (horn. Apj>araUu’kundo, _ - 

1908, 3, 474; V. Veseley, Sprechsaal, 1011, 44, 

467 ; A. L. Feild, Trans. Faraday Soc. 1017, 13, 

3; £. W. Washburn, Trans. Amer. ('cr. Soc. 

1920, 3, 735). 

The afterworking of glass is the phenomenon 
of slow shrinking observed lu glass after being 
reheated. For this reason, a thermometer bulb 
may show a slight nso of zero with age whilst, if 
heated, and then cooled fairly quickly, the zero 
is depressed. The depression constant of a 
thermometer is the depression observed when 
heated to lOO'^O. and cooled iairly quickly to 
normal air temperature. Wober, in 


temperature (Proc. Roy. Soc. 1898, 63, 38 : 
j 1900, 67, 197). 

I The dielectric constant or specific inductive 
j capacity of glass has been found from observa* 
j tion to l«“ between the limits r>*4-8 6 at ordinary 
I teinpi'rature. The effect of composition remains 
j yet to bo satisfactorily w'orked out. 

I Refractive index is related to density, and the 
! two properties increase or diminish in a parallel 
* manner in similar glasses. Although the com ¬ 
position of glass may vary very widely, the • 
refractive index dt>es n()t change in so marked a 
air temperature. Weber, in 1883, | ^ ])ropertio6. For nj,, the 

showed that large depression constants were i limits for practically all known glasses lie 
due to the presence of both Na^G and K^O. I approximately between 1*50 and 1*96. I^ead 
For thermometer purposes only one alkaline ! glosses, the densest in general use, have highest 
oxide should lie present in the glass, and the i refractive index, the glass of density 6*3 (see 
’ also should not be too soft. Much effort ' p- 380) having value for of 1*96. The barium 

glasses corn© next in order. 1’he optical con¬ 
stants of a glass must frequently used are¬ 
’ll, Jhe refractive indices for the 

C, D, F, and G lines of the hydrogen spectrum; 
the total ilispersion defined as and the 

ratio — ♦ designated by the sionbol y. 

I 

the glassy or vitreous state. Whilst several 3'he lead glasses are characterised by high re- 
changes in glass are sometimes associated with < fructive index aiul dispersion, and consequently 
devitrifioation, the term woulcTperhaps be best | low value of v. Sodium-calcium and potasamu* 
confined to the separation ouf«m the crystalline i calcium glasses have low refractive index an d 
state of some oomitituent present in excess of I dispersion, and fairly high v value. Barium 


was made by the Jena workers to eliminate or 
reduce afterworking; two successful glasses, 
16 (111) and 69 (111) were made having 
depre«tion constants of only 0*05° and 0 * 02 ® 
respectively. The French glass t'erre d«r, re¬ 
sembling window glass in composition, also 
has a veiy low depression constant. 

Devitrification is the phenomenon of loss of 
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glasses possess high refractive index, low diS' 
persion, and high values oi v. Increase in the 
content of SiOj, BgOs* NugO, or KjO diminishes 
the refractive index. 

in a soricH of similarly constituted glasses, 
such as the sodium-calcium trisilicates, the 
1 ‘elationshij) between composition and refractive 
index is linear (Jjarsen, Amer. J. Sci. 1900, 28, 
203; Clarl{(5 and Turner, J. Soc. (ilaas Tech. 
1020, 4, 111 ; stc also f3. Pcildle, J. .Soc. (ilass 
Tech. 1020, 4, I, 20!*; 1021, 5, 72). 

The absorption of light is depemlent partly 
on the thickness, but mainly on the. co!njM)Hition 
of the glass, eH]>ecially in respect of its content of 
oxides which oxoreme selective absorjition. The 
l> 08 t optical glass shoubl transmit 08 00 p.c. 
of the incident liglit. On the other hand, im- 
|H)lished mirror glass, 8 mm. thick, may only 
transmit alxmt 87 p.c., whilst for glass strength¬ 
ened by wire mesh, tlm-transmitted light may 
be only 55-00 p.p. The foregoing refers to 
general transmission of ordinary whit<‘ light. 
In the casi! of selective absorption, the ditfonmt 
coloured oxides vary in the strength of their 
ellect, colialt oxide lieing one of tlie mo.st 
powciful. The ahsor})tion curves lor several 
glasses ooiitaming (lot), (VgO^,, NiO, Fe^Os, and 
MiijOj, have been measured by Zsigmondy 
(Ann. Physik. FMH, 4, (K)). 

The selective absorjitioii varies both witli tlie 
conoontration of the oxide and with tb<^ ti ni- 
poraturi;. 'I'ho general olTeet of rise of tem- 
jKjrature is to shift the absorjition towanls the 
rod end whilst the amount of ahsorjition may 
Bimiiltancously Ik- mereased. T'his is illustrated 
by the f<*llowiug relative lranHmiH.siion fuetois 
at different temjieratiires: 


ColoiirluK 

anent 


Colour 
(1) Col<l CJ) Hot 


Kelat nr Uaii-iiiK- 
«ioii fai'tor 
;m’ -joir 3.‘.o' 


(V , 

, Medium red 


l(K) 

02 

81 ! 

(!o . 

, Light blue 

— 

KH) 

104 

108 ! 

Co . 

Deep vioh't 

Deejt bliu' 

No ajiprcciable 
change- 

All . 

Pink 

l^ioloi 

100 

U(> 

93 

Cu . 

Bluish-green 

Ycllowisli- 

green 

lod 

94 

82 

Mn . 

Purjilc 

Biui^<{l- 

violcl 

1(10 

94 

iH) 

Cu . 

Deep red 

— 

100 

67 

42 

Cr , 

Yellowish- 

Yellow 

100 

84 

67 


green 

In regard to ultra-violet iwliation, fused 
quartz and fusinl are transjiarent, whilst 

a mixture of BgOj,, CuFg, and AlgOa shows only 
weak ab8orj)tion. Heavy lead glasses and 
glasses coloured slightly with t’rgOj, absorb 
ultra-violet light. 

(flosses which absorb beat radiations may be 
obtained by the use of the oxides or other com¬ 
pounds of chromium, cerium, and iron, and 
certain other elements, 'riic mineral biotlte 
and the oxide Ke ,04 dissoL-ed in soda-lime 
gloss absorb a high proportion of incident heat 
rays, whilst (Vookiis pre]>ared a soda-lime glass 
from a batch containing 10 ji.c. of ferrous 
oxalate which absorbed 08 ]).e. of the heat 
radiatiofis ((’tookes, Phil. 'Frans. 1014, 214. 1). 

Cl.A38iriCAT10N OF GLASSES. 

As almost all glasses contain silica, and as, 
moreover, oertaln metallio oxides such as 


oalcium oxide and sodium oxide, are present in 
many different types of glass, a simple ohueiiica* 
tion based on composition is not available. 
Perhaps a better method, by no means a definite 
Bystem, may be to classify glasses according to 
their use. jn this way, wo have the following 

: varieties: 

; I. Lime-soda glasses for common use. 
'J'his type of gla,H8 is far and away the most 
important, since bottl('.s of all kinds, window 
glass, and jilati^ glass are made from it, as well 
aa many articlc.s for doinesiic use such as the 
cheaper fCrins of tumblers and pressed table 
glassware. 

' A. Conmi-oii hottlen ami <jlas9 eoJitainers. 

‘ Analy.ses of actual samjjles show that con¬ 
siderable diversity of composition exists. 


, SiOg 
' Na,.() 
K./) 
CaO 
■ MgO 
Al*()a 
Fc..()a 
, MnO 
Sb,(), 
AflgOa 
S(‘ 
CoO 


1. ('ontinenla! made soda-water syphon. 

2. Meat jar. 

3. Biiti.sti glass for band-made bottles. 

4. Automatic machine-made bottle of colour¬ 
less glass 

5. Dark green bottle inachine-mado by 
O'Neill machine. 

(1. (3iampagne hand-made wine bottle. 

B. Pressed glassmtre of the cheaper tyiies 
fji'quently has a composition somewhat simUar 
lo the bottle glass A4. 

A considerable improvement in the appear¬ 
ance! of pressed table-ware may l>e obtained by 
replacing the caleiuui partly by barium oxide, 
and the latUT is accordingly frequently used. 

C. Window and jdate. glass from different 
souives do not vary greatly in composition, 
as illustrated by the following figures; 


1 


3 

4 

5 

6 

75*34 

73-06 

69*73 

73*26 

69*11 

61*90 

13-78 

ir>* 2 (,f 

11*22 

17*88 

11*07 

616 

3*41 

0-9H 


—. 

— 

1*13 

(>•8.3 

H-70 

17*38 

7*24 

11*83 

17*95 

0*21 

0-17 

(>'55 

0*17 

1*58 

6-38 

0-45 

1*.3() 

0*50 

1*31 

3*46 

4.44 

0*30 

0*30 

0-2.5 

0*11 

1*82 

1*13 

1-06 

ti-ace 

tnn-c 

_ 

_ 


_ 


— 

0*47 

trace. 

— 

— 

— 

— 


trace 

— 

— 


— 

- - 

trace 

— 

— 



Window 

I'rertch 

gla-.? 

<ior- 

inaii 

Ainori 

ran 

riati! Rlass 
Ocr- 
loan 

FrencJi 

■SiO. 

. 72-1 

72-68 

71*5 

72*5 

71-3 

Na,-() 

. 12*2 

13*24 

13*7 

13*8 

10-4 

K,0 

. — 

— 

— 

0*2 

0*4 

f!a() 

. 15*7 

12*76 

12*4 

11 5 

14*7 

MgU 

. — 

0*26 

~ 

— 


AlgO, 

Fe.O, 

* jtraccs 

1*06 

(►'1 

0*1 

0*4 

AsjOj 

. — 

— 

01 

— 

— 

SbjO, 

• — 

— 

— 

0*5 

— 


D. Illuminating glassicare. A good deal of 
the common illuminating ware such as lamp 
chimneys and globes and shades is made from 
n calcium-sodium or calcium-sodium-potoSBiiim 
glass, with or without other oxides. Caloiuxn-^ 
sodium glass oontdning magnesiiun has come 
into extended *use for the manufacture of 
electric light bul^ replacii^ the more expoisve 
lead glass. Comfuoa maobino-made globes 



Gi^ASS. 


381 


O-SCaO, E=7249 kg./mm.>. Zschimmer gives i the aolobility limit. The constituent may be 
linuting values hitherto found for different I silica or may be a silicate, the former frequently 


glasses as 4800—7970 kg./mm. 
with SiO*, 66-6 p.c.; CaO, 18*06 
Na^O, 12*7 p.c., nowovtT, had a value 8343 
kg./mm.* (Clarke and Turner, Lc.). 

Tensile strength has proved in the iKist 
not easy to measure with accuracy. Zscliiiu- 
mer quotes limits found for glasses as 3*3- 
8*1 kg./mm.*. Winkelmami and Schott con- 
eluded that an ad<litive relationsliip cxistc<l 
between composition and tensile • stri^ngth. 
Glasses containing ('aO and ZnO him highest, 
and those with Na^O and K^O least, tensile 
strength. 


A glass j being deposited both from lead and from 
p.c., and : calcium glasses containing n high proportion of 
, eiiiea. This silica may be, according to the 
temperature, cristobalite or tridymite, and may 
give the glass either a mere opalescence or 
«mokii»e.s.s, or may produce a dense white deposit. 
Gf the silicates, CaSiO^ or woilastonite, is the 
best known causi'! of devitrilicalion of soda* 
lime gla>He 8 . >5 from barium crown 

glass(?a has also In'cn observed. PhSiOg is only 
(iepositod from glasses containing a very high 
proportion of l‘b(). Devitrification depends on 
the maintenance of the 8 t)ft glass at a suitable 


The compression strength is much greater ; deposition temj>erttture for a sullieicnt length of 
than the tensile strength. The limits quoted ; (unc. Tlio viscosity is therefore a most impor- 
by Zschimmer from the observations of vanous ; tant factor. In this connection, lithium ’ 
workers arti ()0*r>-126'4 kg./mm.*. According to 


Winkelmaim and Behott, iSiOjj, Al^Os, MgO, 
and B^Oa effectively ineiicaso rosistanci* to 
compi* 08 siori, whilst the alkalis Na^O and K„{) 
as well as BaO reduce it most. 

On the viscosity of glass and es]>ecially 011 
the change of viscosity with temjicrature 
depends its woridng m jiractice. Unfortunately 


are nntst readily devitrificd, sodium less easily 
and ])otassium least of tin* tlire^^i alkalis, the 
viscosity increasing rapidly also in this order, 
the potassimn glasses Ibeing piost viscous. The 
addition of certain oxides, as AIjO^ and B,Oa, 
hinders devitrincation, and for this reason the 
first-named oxide is a constituent of lamp* 
working (In'iich glass blowing) glasses, and is a 


few systematic data have been rccoided. Ijcacl | useful addition to sodium caicium glasses which 


glasses arc notew'orthy as having a long wc^rking 
range, that is, the viscosity changes slow’ly 
over the range from to 850 ’. On the other 
hand, high CaU content gives lluidity above 
1200 ", but the glass v(;rv rapidly sets when 


cooled below 1100^ Such glass in therefore | are usually those' most 

advantageous in producing hand-made thick-, ^^^athering and chemical attack. 


have to he maintained for any considerablo 
tune in a fairly jilastie state. 

The specific electrical resistance is influenced 
by the state of annealing, well-annealed glass 
having thi“ higher resistance. The best insulating 
resistant to 

walled bottles of 'consi.iemi.io size. Magtiesm I 

g asses have much higher viscosity than lime | electrical n-sistance. The glass containing 
g asses at high temperatures. Silica and | j-p) 33 Al,O„«-0; ]iaO, 48-0; and B,0„ 

alumina increase the viscosity. (Hasses con- i Oray and 

taming both Na ,0 and K ,0 work more easily Dohbie observed that the electrical conductivity 
than those with one a,lkahne oxide on y (srr | „f ^^as doubled for each 9 °C. rise in 

K. Arndt, Zcitsch. (horn. Apj>araUu’kundo, _ - 

1908, 3, 474; V. Veseley, Sprechsaal, 1011, 44, 

467 ; A. L. Feild, Trans. Faraday Soc. 1017, 13, 

3; £. W. Washburn, Trans. Amer. ('cr. Soc. 

1920, 3, 735). 

The afterworking of glass is the phenomenon 
of slow shrinking observed lu glass after being 
reheated. For this reason, a thermometer bulb 
may show a slight nso of zero with age whilst, if 
heated, and then cooled fairly quickly, the zero 
is depressed. The depression constant of a 
thermometer is the depression observed when 
heated to lOO'^O. and cooled iairly quickly to 
normal air temperature. Wober, in 


temperature (Proc. Roy. Soc. 1898, 63, 38 : 
j 1900, 67, 197). 

I The dielectric constant or specific inductive 
j capacity of glass has been found from observa* 
j tion to l«“ between the limits r>*4-8 6 at ordinary 
I teinpi'rature. The effect of composition remains 
j yet to bo satisfactorily w'orked out. 

I Refractive index is related to density, and the 
! two properties increase or diminish in a parallel 
* manner in similar glasses. Although the com ¬ 
position of glass may vary very widely, the • 
refractive index dt>es n()t change in so marked a 
air temperature. Weber, in 1883, | ^ ])ropertio6. For nj,, the 

showed that large depression constants were i limits for practically all known glasses lie 
due to the presence of both Na^G and K^O. I approximately between 1*50 and 1*96. I^ead 
For thermometer purposes only one alkaline ! glosses, the densest in general use, have highest 
oxide should lie present in the glass, and the i refractive index, the glass of density 6*3 (see 
’ also should not be too soft. Much effort ' p- 380) having value for of 1*96. The barium 

glasses corn© next in order. 1’he optical con¬ 
stants of a glass must frequently used are¬ 
’ll, Jhe refractive indices for the 

C, D, F, and G lines of the hydrogen spectrum; 
the total ilispersion defined as and the 

ratio — ♦ designated by the sionbol y. 

I 

the glassy or vitreous state. Whilst several 3'he lead glasses are characterised by high re- 
changes in glass are sometimes associated with < fructive index aiul dispersion, and consequently 
devitrifioation, the term woulcTperhaps be best | low value of v. Sodium-calcium and potasamu* 
confined to the separation ouf«m the crystalline i calcium glasses have low refractive index an d 
state of some oomitituent present in excess of I dispersion, and fairly high v value. Barium 


was made by the Jena workers to eliminate or 
reduce afterworking; two successful glasses, 
16 (111) and 69 (111) were made having 
depre«tion constants of only 0*05° and 0 * 02 ® 
respectively. The French glass t'erre d«r, re¬ 
sembling window glass in composition, also 
has a veiy low depression constant. 

Devitrification is the phenomenon of loss of 
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dense flints, extra dense flints, light 
flints, and so on. 

The p(;rcontagc ooiuiiosition of some I 
stated in the following table : 





Very 



J.iglit Mcduiin 

Dense 

dense 

Jlarium 


Hint flint 

Hint 

flint 

Hint 

Si(>2 . 

530 441 

39*0 

200 

53-69 

FbO 

30*7 44-7 

490 

79-9 

10-71 

K 2 O . 

n-o 0-8 

4-0 

— 

8-31 

NajG . 

10 1-2 

3-0 


1-09 

HaG . 


- 


14-27 

GaO . 

i'OC - - 

40 



Zji( > 

n (t 

-- 



2-08 

lijUg . 
AbjOj . 

0-:! 0-2 

0-2 

O'l 

2-53 

Sb.Oj . 

— 

10 

— 

— 


1 -5803 1 ilOfiS 

i-onn") 


'*0 

l-57(i2 J-(i(>22 

1-G502 



1-50D2 l'(ilS4 

1-U(i92 


% 

l'()281 

1-0809 


V 

41-0 37 


34-4 



boro- 

Lh'ht 

DenK(< 

IMlOb- 


I.IkIiI. silirato 

barium 

luiriuiii 

I>hatc 


tTowti tTOWIl 

crown 

crown 

crown 

SiG. . 

ti8-5 «8-2 

48-1 

39-0 






70-5 

BbO . 

— _ 

— 

3-0 

— 

KgO . 

r>-o o-ri 

7-5 

— 

12-0 

NagO . 

120 100 

10 

— 

— 

GaO . 

— 

2-0 

2-0 

— 

BaO . 

0-7 

28-3 

44-0 

— 

BjOg . 

3-5 UH> 

4-5 

5-0 

3-0 

ASgOg . 

0-2 0-2 

0-4 

0-4 

0-5 

AlgOg . 

__ 

— 

— 

10-0 

ZnG . 

1.0 2-0 

— 

7-7 

— 

MlljOg . 

— 0 00 

— 

— 

— 

MgO . 

— — 

— 

-- 

4-0 

«i> 

I‘5179 

i-stiir* 

1 -5905 

«(i 

I-5153 

i'5r>(i8 

1-5874 


lTil38 

1-5083 

1-5977 

n(} 

1 -5280 

1-0837 

1-0030 

V 

OO'O 58*1 

57-0 



the production of the ruby colour. If the lost 
treatment is continued, the colour will ultimately ' 
bee<»mo brown and Anally visible particles of 
gold api)ear, resulting in the production of 
averUunne glass. 

Amber colours, due to colloidal carbon and 
possibly also producible by colloidal sulphur; 
and yellow, due to silver, arc further examples. 

(c) Oixiln ]rro(lucal by /ieparation of an 
entuisiun. The calcium ]>ho 8 phate (bonc-ash) 
opals, appear to due to this cause, the phos¬ 
phate tUssolvIng initially at high temi>erature 
and being prcicipitated from solution at a lower. 

(d) Opals ptoduced by inclusion of air or gas 
bubbles. 

(o) Opals jiroduced by devitrification. The 
devitrification may be duo to dejKisition o 4 
silica, when the effect may vary from a mere 
cloudiness or smokiness to actual opalescence. 
Opal may also ])e formed by the separation of 
masses of CaSiOg »)i- other silicates in very small 
crystals. ^ 

'J’jiK Raw Matj 5 iiials roii Glassmaking. 

'Fhe raw materials for glassmaking may be 
c!as.sificd as— 

I. Fuinlamcntal materials, or those whicli 
yield the acid and basic oxides comprising the 
main substance of the glass : SiOj, BgOj, RjOr.* 
AI 2 O 3 , Na/), KjO, LigO, Cat>. MgO, PbO, 
BaO, ZiiO, FcO, and bVjOg. 

II. Fluxes: As^Oj, Sb^Og. BjOg, NajB/);, 
('aKg, TvaiSiFfl, NaNOg, KNOg. 

III. (a) Colouring agents: t'uO, FcO, OaO, 
MnOj, Se, S, AuClg. 

(b) Doooloriscrs: MnO^, Se, As„Oj, SbgOg, 
NiO. 

(c) Opaoifier.s; SnU^, ('a 3 {P(> 4 ) 2 , Na^AlFg, 
Zr(» 2 , AsaCg. 

IV. Oxidising agents: NaNOg, KNO 3 , BaOg, 
I’bgO^, MnOg. 

V. Reducing agents: C (as coal, coke, or 
other form of carbon), Zn, Rochelle Salt, SnO. 

It is to bo understood that the -basic oxides 
referred to above are generally uwkI in the form 
td their salts. Only the more important 


r>. Coloured glass, 'tho range i*f colours j 
which it is possible to impart to glass is very 
great. If wc includ(^ white or ojial, it i.s possible 
to divide the coloui-od glasses into groups 
according to the origin of the colour. 

(a) Coloured silicates. A number of oxides 
jiroduco coloured silicates, t'obalt oxide pro¬ 
duces a silicate which is blue. From a similar ' 
cause probably arise the following colours— 
Green: ferrous oxide, uranium oxide (fluores- | 
cent), chromium oxide, and (at high tempera¬ 
ture) manganese oxide. Blue: cobalt oxid<' 
and copper oxide (the latter under oxidising 
conditions). Pink or purple : manganese oxide, 
nickel oxide. 

(b) Colour due to colloidal solution or .vis- 
pension. The ruby colours duo to gold, copper, 
or selenium, are good examples. Kach re- 
^nt U added to the batch mixture as a salt, 
aooompanied by a reducing agent (although the 
selenium may be added as such or may W 
reduced by the furnace flame alone). When 
first made, the glasses are either colourless or 
have a light straw colour, but, on reheating, the 
ultTa-mieto8Cop\c pattiolea of gold, copper, or 

grow larger by segregation leadi^ to 


materials arc commented on in the section which 
follows. 

Acid Oxidks and their Sources. 

Silica. Sand constitutes the only really im¬ 
portant source of the silica which is present, in 
the majority of lead glasses, to at least 55 p.c., 
and in calcium and other glasses to not less than 
()fi }).c. TJio degi-cc of purity demanded in a 
sand varies with the type of glass to be made. 
Iron oxide is the impurity least desired by the 
: glass manufacturer. It may be present as 
hydrated oxide, limonite (FcjOgHjO) or may 
j bo associated with clay material, in both of 
I which cases it may be reduced by washing; or 
again, a definite iron-containing mineral, such 
as ilmcnite, in which case separation is difficult. 

For optical glass, the amount of iron oxide 
i (as FcgOj) should not exceed 0*03 p.o.; for the 
! best table-ware, not exceeding O’OS p.c.; for 
I second grade table-ware and chemical gli^sware 
up to 0*08 or even OT p.c.; window glass 
O'15 to 0*25 p.c.; for darlc-grcen bottle j^ass, 
as much as 2-^ p,c. or even more. For practical 
purposes, theiti are no workable deposits of sand 
in wo United Kingdom capable 01 satisfactory 
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^ t»e tor good o^ical or the best table*ware glass. , 
Ks^ellent sands are found in France at Fon- 
tawebieau; in Germany at Hohenbockaer and | 
Nivelstein; in the United States at Berkeley 
• Springs, West Virginia, and at Ottawa, Illinois, 
with good sands also at various locations in 


Pennsylvania, New Jersey, and Massaohnsetts. 
Belgium has excellent sand. The best 
sands, at present, come from King’s Lynn, 
Aylesbury, and Leighton Buzzard. 

I'ho following table states the oompontion 
of samples examined:— 


Saod 

SiOg 

' AlgOg 

|.>,03 

TiO. 

Koiitamcbleau 

99-02 

01 (>2 

0 017 


Belgian 

98-C4 

u g:i 

0 00 

' _ 

Lynn (Beam’s j 



a 


double 1 

98 82 

0-50 

0 08^ 


wasluvl) } 




A vlesford 

99 ;C5 

0 21 

0 12 

(race 

Wacn 

98 m 

0 41 

0 03 


Kiiitfhorn 

92 92 

1T>0 

1-3.8 

tra«‘‘ 

FauldUousc . 

08-67 

1 02 

0 13 

Worksop 

9.'> 10 

2 22 


Irate 

Murkish Mt. • 

OO-iM 

0 17 

0 02 

Not dc- 
Terinincd 

Ottawa. Hi , 
Berkeley 

•V.) IH 

0 10 

0 02 


Spring'* . 

99 05 

0 1 

0 02 


Holienbockaer 

99-71 

0 04 

0 014 


Nievelstein . 

99 97 


0 009 



i 


('«0 

: MrO 

NagO 


Loss on 
ignition 

Bemarks 

n 02 

• raft; 

_ 

_ 

012 


0-31 

0 13 

0 45 

truce 

0-12 

— 

0 10 

0 02 

__ 

__ 

0*33 

_ 

0-04 

trace 


trace 

0-12 


0 10 


(iSi) 

trace 

0-28 

Crushed 

rock 

1 90 

O'OO 

Not deterumied 

1-32 

Not dctcniiiued 



Crashed 

0*22 





rock • 

0-24 

1 07 

(By dlff.) 

0‘54 


0’20 

trace 

_ 

— 

010 

(Crushed 

0 II 

0 o:> 




rock 


“ 

0-13 


0-12 

tracfl 



0*23 


... 

0-005 

0 04 


004 

... 

_ 

0 01 

0-000 


- 



• Wliito variety. 


For ojiiical glann. and, j-ciu'ially Hpcaking, 
for the (ines^ taijlc-wan' ^lass, imjuinlU^s should 
be absent as far as |)OHsii)l(“, and t)ie percentage 
of silu'a reach JiH'o p.e. Kxcept for ir«m oxitl<‘, 
the other impuriliOH may even he an advantage 
in the glass wlien optical glass is not in jirejiara- 
tion, whilst the iron oxide is a usi^ful constituent 
when dark bottle glass is to b(^ nia<le. 

'J’he size ot the sand grain is also of import¬ 
ance. No particdes should be incapable of 
passing a SO-inesh sieve, and a good sand is one 
which consists mainly (more than HO i>.e.) of 
particles betwci'ii .‘10 and 70-mesh, d’ho coarse 
particles are ihdicult to melt; tfie very fine 
material contains a groat iiroportiiui (»f impurity 
and may entrap fine air hubbies. 

Boric oxide is added variously a.s borax, 
boric acid HjBOg, and as oxide, the first- 

named being usable only when the glass 
contains sufliciont sodium oxi<le to jicnnit part 
of it to be introduced as borax. The oxifle 
is usually too ex])enaive. Boric oxide bestows 
great I'csistance to corrosion by water, and a 
small amount (1 p.e.) greatly improves lead 
table-ware glass in this reBi>ect, whilst the best 
glass for water gauges and chemical ware also 
contains it as an essential constituent. It 
serves aa a valuable flux and is a good solvent 
for colouring • materials. Acf;ordingly, some 
colours which arc due probably to colloidal 
solution are not readily <levcloped in presence 
of boric oxide. 

Ph(»phorIc oxide in any considerable amount 
is rarely met with. It is employed in special 
optical glasses (e.ff. ]>hoaphate crowns) intended 
for use in protected portions of optical apparatus. 
Most phosphate glasses are readily attacked by 
atmospheric moisture and weathering agencies. 

It is also used in small amounts in gl^ for 
table-ware as it bestows on it a. bright appear¬ 
ance. For such a purpose it has sometimes 
been added as bone ash but may bettor be added 
aa sodium phosphate (Na 3 HP 04 ). For optical 
glawi, meta-phosphoric acid is tUe form employed. 
You HI.—T. 


Phosphate glasses, iii wliich the chief acid oxide 
is silica, arc tlie opal glasses jiroduced by the 
addition of bom* ash or calcium phosphate (X). 
:fSH). ‘ 

Arsenious oxide (As^Oj) (technically 
ars<‘iiic ') and aiitiiriony oxide (Sb^O,) may 
. be clasHilieil umh^r the acidic oxidea Alumina 
I probably also exercises an acidic function, but 
^ it is dealt with below under basic oxides. 

^ Basic Oxides. 

Calcium compounds, (’aleiura may bo added 
as carbonate, oxide, or hydrated oxide. Pro- 
(opitated carbonate and powdered caicite 
, (hmespar) are used where impuritiea must be 
: excluded, whilst chemical lime and soap waste 
(both industrial by-products) aa well as lime- 
stone, are ufM*<l for common bottle glass. Burnt 
lime 18 largely used in American glass practice; 
slaked hnic is used occasionally in Great Britain. 

Unless for common bottle glass, the impurity 
to be avoided is iron oxide. Precipitated calcium 
carbonate usually has negligible quantities of 
iron oxide, alumina, and silica; liraespar may 
have larger amounts of each of these im- 
purities, and the iron may to some extent be 
introduced during the grinding of the Umespar. 
When used for ordinary white glass, the Son 
oxide content should not exceed 0*1 p.o. In 
the limestones, organic matter and Some ph<Hi- 
phate may be present. Magnesia may or may 
not be considered as an impurity. In some 
cases it is deliberately added as dolomite lime¬ 
stone, in America a« burnt dolomite. 

Calcium carboi^te in one of its varioos 
forms has the advantage of evolving gas during 
the glass-melting operations, thus ftana t-ing to 
stir up the molten material Burnt lime most 
be used quickly owing to its absorption of 
moisture and carbon dioxide; to a 
degree slaked lime deteriorates also. On tiie 
other hand, burnt lime appears to dhnwlve mors 
quickly than limestone in sodium oarbonAte 
and it is also free from organic matter. 

2 a 
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Sodium compounds nrc introduced as sodium 
carbonate (technically soda aah), sodium sulphate 
Saltcake’), sofliiirn nitrate (technically ‘soda 
nitre’ and ‘Chili nitre’) and borax. All of 
these serve as a Hinwee of sodium oxide for the 
glass, and the lemairulei of the salt escapi's as 
a gaseous ]ir<»<lu( t excejit m the ease of borax 
whieli also servi’H as a source of hone oxid<‘. 

l'’or ail jaactieal }>ur|ioses, the soda ash 
employed is manufactured by the atnmonia- 
eoda |»roeeHS. It may he ‘ dense alkali ’ or ' light 
alkali ’ depemh'nt. on its speeifie gravity. 'I'he 
former is preferalile. 

'I'he impuniies are sodium ehlofith' ami small 
umountH of iiiii) o\i<U' and sodium suipliate. 
Hoda asli is om- oi I he most trust wortliy piodiiets 
a glass inanuta< tur(‘r has to deal with. 

Sodium sulphate oi salteake has had a great 
vogue in luakmg !)oltle glass in Croat. Kritam 
until ri‘i-(‘nUy, whilst hofh in this eountry and 
abroad it is largily used for making Avmdow 
ghisa. It IS (lie eusiom to aTid ]>uw'd(‘n-d eoa! nr 
coke, about 5 ji.c. ol the weight, of the salti-ake, 
in Older to assist in tlie reduetmn of the latter. 
Some manutaetuH-i.s, ho\\e\er, work Ihe furnace 
at a high t«'mpeia(ui'<‘ and rely on the reducing 
action td tlie funnue llamd eiiliiely. Whilst' 
this IS ]>oHsihle in a tank furnace and, to sonu* 
extent with open puts, a iialucmg agent must 
cortavniy he usc<l li saltcak<‘ is in whoh’ or part 
emjiloyci! in closed pot operations. 

Crdmary H.imjiles oi salteake arc much less 
]>un! than sodium earhonate, and may eontain 
Boditim chloride, sodium hisiilpliate, iron oxide, 
calcmm sulphate, insoluble matter, and moisture 
as llie elucf impunlies. A good avmage saiiijih* 
shouhl contain tU '.►.*» p.e, ot actual sodium 
sulphate. Namples yielding only S."* p.e. have 
not infrcijuently been met willi. 

Salteake was, juior to Jt)|.'). iimeli chcajier 
tliun soda ash and was used lor this main leason. 
Conerally speaking, glass takes longer topri'p.iH' 
when made from sallcaki^ than fiom soila ash, 
whilst salteake is more corrosive of furnace 
bfocks tlian soila ash. 

Smlnim nitrate melts easily and thei’efore 
serves as a Aux* whilst as an oxidising agmit it. 
jirevents lead oxule in le.id hatches from being 
reduced to metallic lead ami also liinders the 
development of th<‘ green fermus silicate. It 
is added only in eonjmietion with sodium ear- 
bonate; that is. it jiiovides only tlic minor 
proportion of (he total sodium oxidt' content. 

Borax, as NagH^O-, is a very useful Aiix, 
wliilst it serves also as a source of bone oxide. 
It seldom jTovnle-s more than a biiiall proportion 
of the total sodium oxide. 

Potassium compounds. Potassium carbonate 
is the chief. Jt may be added as or (to 

a much smaller (“Xtent nowadays) as the hydrated 
form KjGOsHaG. The usual iinpnatics are 
small amounts of ■jioUssiuij^ chlorido jind sul¬ 
phate. Busaian potasli often contains seveial 
per cent, of chloride and sulphab*. leading 1«) the 
production of ojialesccnce in lead glasses. 
BotaeSium ^titrate is used for similar reasons to 
sodium nitrate and in like proportions. For 
chemical glassware, w here the presence of 
alumina is also desir<;cl, potassium may con- 
venienUy l>e advled in the form of potash 
felsmr (orllnxiUsi*] Kj 0 ,Alj 05 ,(»Si(J 2 - 

Lead is generally introduced as red Igid, 


Pbj 04 , but sometimes as litharge.- Lead 
disilicatc has lioen usi^d to a smaller oxteAt. 
The darker variety of red lead, containing an 
appreciable amount of is pi*eferred by 

some glass uianufaetun-rs. 

Barium compounds. Jhirium carbonate is 
the only oni' in extensive use. 

Zinc IS added in the form of < arhonate. 

Aluminium is add<‘d m various forms, it is 
generally present in smaller or larger amounts 
ill the sand used and in the <ither raw matcnals, 
it IS alsojihsorhcd in small amounts from the 
lireclay material ot wliidi the glass jiots or 
(lie tank liirnace block.s an' made. For good 
colourless glass, alumiminn may he. added as 
hydrabsl oxide, Alg*).,, "r calcini'd 

oxide, Al_,().,, felsj»ar, lepidolite, and china clay 
of low ii<in oxide content, (duna clay lias the 
disailvantugc of being loss easy (<» iiKairjiorate 
m tlio hatch tlian tlu- other forms mentioned. 

For conmion bottle glass, ground hneks or 
tiles, or even dried raw clay, have been used as 
sources of alumina. 

(»}»al glass 18 fnMjuently made by the addition 
ciyoliti-, Na.,Atk';,. 

Alumina bestows meehanieui strength and 
resistance to chemual corrosion on glass. Tlie 
addition of small amounts (1 j».c. ot tlie total 
hatch) may make melting easier, but beyond 
f) p.<‘, fusion needs a liot turna<' 0 , !iii<l with 10 
[i.c. the glass is not easy to woik. 

CoLoviiiMi Acknt.s. 

'I’iiesc have already been (‘Mumeiated. Cobalt 
IS added either as tlie pan- oxide. in', smee its 
eolouiing ]>ower is gn-.it, ni a diluted form, such 
as by jiowdeied bine, zafTie (an im]»ure basic 
cobalt arsenate), or smalt (a glass made from 
]>owdcn‘<l quart/,, polasaium earboua.fe, and 
eob.dt oxide, eontaimng about 2-7 p c. of cobalt 
oxnle. This gla.ss is gojund tine for use). Used 
alone, the oxide inqiarts a blue colour; with 
manganese dioxide a violet colour; and added 
in small quantities to cop])er and gold glasses, 

' a bluisli east is given to the red colour. Cobalt 
oxide produces a faint blue colour wlu-n present 
to the extent only of 1 in l(H),tX)<) of glass. One 
jiart j>er UMM) produces a di'cp blue. 

Coppi'i- for the production of blue glasses 
may bi* addt-d as oxide Cut) or nitrate. When 
added ns sulphate (co})per vitriol) a greenish- 
blue colour is obtained. For copjier rubv 
glasses, 1 ‘ilher tlm red oxide CUjO or black 
oxide Cut) is used, in the presence of some 
I reducing agent. In conjunction with chromium 
compounds, various shades of green may be 
' obtained. 

Chromium is einjiloyed most frequently in 
the form of oxidc' ('r^Cs, and jiotassium chromate 
or dichromaii'. Care has to be taken, especially 
with tlu* oxide, to mix thoroughly w'ith the 
; batch owing to liuiitial solubility. In lead 
, glasses a lemon-yellow, and in calcium glasses 
a greenish-yellow colour is obtained. Barium 
: chromate and cojipcr chromate have also been 
, us<h1. 

Uranium, jnodiiciiig a greenish-yellow colour 
in lead glasses and a fluorescent greenish-yellow 
; in calcium glasses, is used in the form of sodium 
i uranate Na8UjO-,2HjO. 

i Manganese d'oxido is the only maugan^e 
; compound employed, usually in the form of Uie 
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mineral pyroluaite. Under oxidiainp conditions, 
it produces a purple colour with aodiuui and 
a violet with potassium frlasaos. Used in con¬ 
junction w'ith ferric oxide, varying sliadt's of 
red, brown, and ])nr])lc may Is* obtained, 
dependent on the relative amount an<l total 
amount of the tao oxides, and, on tlie presence 
of oxidising or ri'ducmg conditions. 

Nickel oxide ])roduees a violet colour in 
potassium and red-br<twn in sodinni glasses. 

Selenium, used eithci in the tonn o! the 
element or as the selenite in <'onjunct'^>n wdh a 
reducing agent, for e.xample, arseiiioiH oxide, 
gives list" to vai'ioiis sliades ol nd \ arMiig from 
pink to luby. 

Decolorisers and the decolorising of glass. 

Within narrow litinls ot iron oxidi- content, tlie 
greenish eoli>iir jirodiieeil by leiions oxide can 
be removed bv de<‘<>l(iiiKei's. Oxidising agents 
sn'eh as sodnini and potasMiirn iiiti:il«‘s tend to 
retain or to prodiiee the biglicr feiiie >tale ol 
o.vidation \ibieh has but slight eoimir. nainelN’, 
straw or yellow. Arsenious n\ide. wbieli is 
readily retliieed. as-ists in the oxidalion ol 
carbonaceous iii.itter uhieli w oiild <ithei'\\ ise 
reduce the ii<in (i* the feinnis eondition. 

'I’lu' usual (leeoloiising agents. howe\er. .ire 
those whieli mIicii ]iiesent alone are e<i|ouring 
agents, nainelv, manganesi* dioxide, nickel oxide, 
and selenium. I’oiassimn glass eontaming the 
lirst-nameii oxult" sliows most ni.trked absorption 
in the yellow and gieen |i.ut of tin* speetnim, 
tlie red and violet being transmitfeil. A glass 
with iron oxide, on tlie otiu'r band, transmits 
green and yellow to the greatest exlenl. whilst, 
llu* red .and blue sliow absor'(>fion. \\ lien the 
two oxides aie present in small ainoiiiiis .•-iniul 
taiu'ously, thev e.a< li alx-oil) wliat the other 
transmit.V, lesultmg in a slight <gener<il ahsorpi urn 
only. Allhougii tin- re.suhing glass may appixir 
colourle.ss, the reduetion in th<“ light 1 raiisnuttcd 
tends to create a dull or greyish a]>)ieaianee. 
For optical glass, raw niatenals with verv low 
iron oxide content are useii so as to avonl tile 
necessity of a<lding a tlceoloriHcr. Mangan<-se 
dioxide does not perfeetiv decolorise sodium 
glasses, a brownish tinge being left, w in<-h is 
removed when a minute amount of eolialt oxide 
is added with the maiigaiic.sc' dioxnh'. 

Manganese dioxide needs to be used umlei- 
oxidising conditions, and is therefoi-e suiUible 
for closed ]>ot opeiations. Nu-kel oxide i.s mit 
affected by the furn.ue atnu-sphere. It is 
frequently used with .>-7 ]).e. ot its weight of 
cobalt oxide in sodium glasses. Sideniiim neecl.s 
a reducing atmosjihere. making it very suitable 
for tank furnace practice. It is u.^^ually em¬ 
ployed in eonjunetion with Id-oO times its <>wii 
weight of arsimiouH oxiih*. 

• Tiik (rLA.ss Kvich. 

General composition. A mimU r of attempts 
have been made to establish a d<*fimle K'ialion- 
ahip between the basic and acidic oxid<*s of a 
stable glass. The simide, two component glasses 
composed of the sodium silieate.s ( Waivr (jltisac-'i, 
^ee later) are not suflieiently stabh" for the 
manufacture of glassw'are. 1’he introduction of 
a di- or tiivalent oxide, such as C'aO, PbO, or 
AljOg, brings almut a large increase in stability. 
Most coinnienially successful t^lasees contain 
at least three comi>onoiit«. Bcnrath eamo to 


the conclusion from the exaniination of a number 
of good glasses on the one hand and faulty on 
the otlier, that, with the sjieeial exception of 
certain optical glasses, the nornml composition 
of Hali>fuetorv alkali-lime-lead oxide glasses 
should vary between the limits 

Na.(K..)Si;,(l: 1 (^PblSigOj 
and 7 ('a(l’b}Si,,< >7. 

Tsi'beusclmer ab«mt i<‘n years latiu' (IS8o) 
(h'dueiHl tl'c following formula for a good glass 
cfuitaiiung tli<- alkalis and alkaline earths, 

namely ,rA i //K i ^ i where rA lepro- 

sinls the iiiinibei' of eipiixalents of the total 
alk.ilis Na^Oand K^O, //K of the alkaline earth 

•iixidi's. 

.More lecenlly still, Koerner (11115) 1ms 
atnveil ;if tin- eoiielu.sioii (hat in Time-e,ontaining 
glasMc.-j, the propoilion of siliiM should bo 
gieater when potashes piesent than is recjuired 
tof sod.i. Thii.s, when one equixalent of liino 
is present {t.c. //- I), tlie [iroportion of SiOj 
mi-ded i.s I). If both soda and jiotash 

*iii«- puseiit, .r ie[)ic.senting the total equivalent 
ol (he alkaline oxides, and ,f K repri-sents that 
id K.d), the .imoiinl of needed is 



Ceitainlv it is (me Ih.it a ealiium glass of 
the <om])oMtioii (tSiOo. CaO, Na^jt) shows great 
stability, ami in.uvy'oi llie eoinmeicial ealeium- 
containing glasses, may, very aj)))roxiinately, he 
lejiresi-nted by tlie so called tn.silieatc foririula, 
III wliudi. tor e.u b IlSiO^, the CaO does hot fall 
below 0\‘t liioleeilU'. 

A\’lii)s( e.xpeiK'iiec ill tlic pas( ajipeaiK to 
ha\e led (o thi.s adoption o! a 1 l•lHillea^(‘ formula, 
it does not billow lli(j(, lor modiTii nietliods of 
tieatineiil, it gives (h(‘ most suilabk* glass. 
I^‘<blle M i'ommeiid.s a sridium-i-aleium-eontaining 
glass oh coiiijio.sitioii fiSiO.,, {'aO, Na._,(> for 
man} of liollow ware. I’yri'X glaas, on 

the otln'i liaml.iweii eonlaiii;. 5)2 p.e. of acidic 
oxides. , 

Preparation of the batch. In'modern ))lanis 
H]»e< lalismg in the production ol a limited variety 
of artieh's, sueb as bottles, the various raw 
niatenals aie storisi in large, eyJmdneul eonerete ’ 
l.inks, arranged in a row, and at an elevation 
from tlie ground sunieiimt to permit of a truck 
01 waggon to run beneath and collect from each 
bill tlie required ijuantity t»f materiaJ for the 
mixture oi‘ bate!). In on“ system, a weighing 
maeliine" mounted on a motor-driven truck 
jiropelled along a track below llie storage tank.s, 
^•an•le.s a eylindnexl drum. By means of a 
series of imlieutors set by tin* management, 
sexerul inateiials may be weighed separately 
into the drum, and wdien the requirfid amounts 
have lict*! obtainerL llic drum i.s rotated by a 
second motor am! tlio batch thoroughly mixed. 
Jt is then emptied d<iwn a grating on to u con¬ 
veyor belt which carijes it to hojipers sU8i>endod 
<»ver the feeding end of the furnace. It is 
jioH.sibIc, by sueli a system, for one man to mix 
sullicient baUdi to maintain six largo tank 
furnaces in continuous ofieration. 

In other, simpler systems, the matetials are 
weigheil out into a truck and emptied into a 
niix^g maehiuo such as the Bmith mixer, 
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si>ecially made for the ])urpoac, consisting of a 
short cylinder with truncated tionical ends, like 
some tyjHW of concrete mixer. 

Where Hk' luinihcr of ty])e8 of glansware 
made in a factory is stJ that many different 
hatelicH hav(^ to be made uji, as in certain pot- 
furimco works, a corres]>ondmgly small mixing 
jilant is used, and may consist meniy of a 
rectangular box rotating on an axis passing 
through one diagonal, or even of a simple 
barrel, ifatid niixing is often still ('iniiloyed, 
the materials being weighed out into a 
w'ooden vat and miT<‘d by a wooden scoop or I 
siiovcl. 

Batches (or different types of glass. 'I'iie 
following baich(!S will stave to indicate the 
goiioral jiroptirtions of ilie various conslitucnt.iB 
used in making difTerent glasses, cspeeialiy 
illustrating the amounts ol colouring, opacifying, 
or decolorising materials l•cqulIcd Whilst 
they hav(“ actmdiy been cmjtloyed in j)iactice, 
it does not. billow that tTic haltiics rejiicsi iit 
the best possible foi' any particular' type o) 
iqKa'ation. 

The ti’i’ins hoda ash anti ]>ot :sir, used biiow, ! 
correspoiul to anliydrouH stidium earbonale ! 
{,*)S j».c. alkali) ami jiotassium carbonate | 
i'es|K'ctivel)-. 1 

I. Lime-containing giasses. | 

A. /fot/b's. 

1, Qun-k'-srltniij ijlu'is foi /ao/<' /i<tui/-ina<li 
bcctKiffr Ik/IIIis. Sand JO(M>, limestone oOO, 
soda ash !h)(t, sallcake HK). 

2. For Oirrun' itu(c/iiiir. Sand KWXk smla 
usli JlTf), limestone 17."). 

;{. OW’nlf'.s iDul si/mbii mar/niny. 

(a) Colon l‘’irHt-giaile sand KHMt, soda 
asli 37o, limcsjiar 170, borax 1, arst iiious oxide 
1 , pow'dered blue (b(M>, seleiimm U'tUb 

(h) Ainher-coloiirctl <j{ii.s.s. Sand ItHHt, soda j 
ash 3H0, liniostono ISO, saltcakc 8, carbon (as I 
coal or coke) 10, graplntt* 1. j 

B. Cheap Jo) coinmnu p)( •i.'ted lumblrrs. i 

I. White sand UKMt, soda ash 400, liniespar ; 

180, arseiuous oxule 1. stieniuiu 0 03. i 

' 2. Medium^ (jitalilp ijla.-^.s Sand ■ 

UMIU, soda ash 300, ])otash "rO, Imu'spar 100, j 
baryta 100, jiotassium nitrate JiO, manganese 1 
dioxide 2. i 

C. <jlass. 

1. Sand lO(K), soda asli 200, saltcakc 00, 1 

limestone 370. ; 

2. Sand 1000, saltcakc 420, limestone 300, 
powdered anthracite 17'5. 

11. Lead'Oontaining glasses. 

A. Bait cryaial gUiss for tabk-UHire {Knyhdfi 
crystal). 

1. Fontainebleau (or equal grade).sand 1(K)0, 

jiotash 330, Ixwax 30, potassium nitrate 40, 
rod lead (iOO, arsenious oxide 2-5, manganese 
dioxide 2. ., „ 

2. Semi-crystal. Fontamebleau (or equal 
grade) sand 1000, potash 350, hmespar 140, red 
lead 100, nickel oxide 0*02. 


in. Chemical, general scientific, and iUnmin 
ating glassware. 

A. (Jlaxs tiihmg for general chemical purposes. 

Lynn double-washed sand 1000, felspar 367, 

limeHjmr 220, soda ash 448, potash 151, magnesia 

4, manganes «5 dioxide 2'75. 

B. lirak ers, flasks, 

Lynn tioniile-waslicd sand 1000, hydrated 
alumina IHi, liiiicsjiar 1H2, magnesia 15, potas¬ 
sium nitmtc 30, Hodaash 150, calcinedboraxI85. 

IV. Optical glass. 

Such (^;laascs aic designed to meet certain 
specific requirements of refractive index and 
ilisjicr-sion, and the batches for those must be 
ai ranged accordingly. 'L'hus, an ordinary crown 
glass of apjiioximatc rcfractivo index Wj^=l‘517, 
and p value (jOO may be obtained from the 
following batch : Sand (high grade) 1000, potash 
420, iirncspar 2()5, arscnioiis oxide 5; whilst* a 
medium Hint ol w,,-- I'OOo and r=37-6 may be 
jircjian'd fiom- Sand (liigh grade) 1000, iiotash 
ll»3, potassium nitrate 78, so<la ash 154, lead 
oxide (BbO) 884, ai'.semous oxide fi, 'Fhe variety 
of batches lor optical glass is very great. 

V. Coloured glass. 

A. Wlntr, alabastn, or ojhiI. 

1. Alahusfrr. Sand KKK), red lead 560, 
soda ash 41)0, sodium nitrate 50, sodium chloride 
50, sodium lluondc 75, alumina calcined 225, 
felsjiar 12(M), antimony oxide 5. 

2. Cryohlr ofiol. Sand 1000, soda ash 230, 
jiotasii 4(). eivoUtc lOO, fclsjiar 100, fluorspar 
100, arsetiiouH oxide 5. 

3. Jionc-asli opal. Sand 1000, jiotaah 300, 
soda ash 70, bone ash 300, liniesjiar 100. 

4. Milk while glass for bunp shiuies. Sami 
1000. soda ash 150, Iclsjiar 180, fluoisjiar 00. 
cryolite 80, tin oxide (SnOg) 40. 

Jl. Blark glass. 

Sand 1000, jiotash 100, soda ash 2-')0, lime- 
sjiar 150, manganese dioxide 100, copper oxide 
8 (), cubult oxide 40, hammer scale {^'€ 304 ) 40. 

('. Red, glass. 

\. Cold raby. Sam! 1000, red lead 440, 
Jiotash 21K), horax 200, gold chloride 0'36. 

2. Coppi) ruby. Sand 1000, potash 200, 
red lead 300, cupnc oxide 3, stannous oxide 1. 

I 0 both these cases the ruby colour is only 
develojied on reheating tli(‘ glass at the mouth 
of the furnace. 

i). Yellow glass. 

1. Amber yellow. Sami 10(K), soda ash 260, 
jKitosh 100, liniespar 160, suljihur 15, arsenious 
oxide 5. 

2. Orange yellow. Sand 1000, potash 120, 
soda ash 190, limespar 145, potassium nitrate 

5, uranium oxide 3, selenium 0*6, arsenious 
oxide 2'5. 

• 3. Canary yellow {opal). Sand 1000, potash 
300, red lead 150, limespar 90, potassium 
nitrate 50, calcium phosphate 30, borax 15, 
sodium suljihide 7*5, Hochelle salt 7*5, cadmium 
suljihide 30. 

Ifi. Oicen. 


B. Electric light bulbs. \ 1. Vegetable green. Sand 1000, soda ash 

1. Fontainebleau sand 1000, soda ash 330, 320, limespar 180, potassium chromate 6*6,* 
red lead 480, borax 90, felspar 70, sodium nitrate | hammer scale 4, aiaenious oxide 4. 

50, manganese dioxide 2. i 2. Golden green. Sand 1000, potash 100, 

2. I^'entameblcau sand 1000. soda ash 140, ' soda ash 200, burnt lime 140, red lead 3, caprio 

piitash 200, rod lead 160, limespar 120, manganese j oxide 5, uraniuoi oxide 12*5, arsenious oxide 5. 
dioxide 0*5, nickel oxide 0*02. . ' 3. Aventurinf green. Sand 1000, soda ash 
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350. felspar 220» fluorspar 100, barium carbonate 
ISO, potassium dichromate 120, manganese 
dioxide 60. 

F. Bliie. 

1. Dark blue. Sand 1000, soda ash 3.50, 
limespar 160, cobalt oxid<‘ 2. 

2. JqiiaTnarine blue. Sand 10(M), potash .50, 
soda ash 250, limespar 10, copper vitriol 20. 

3. Aztire blue. Sand 1000, potash 200, liino- 
spar 120. cryoliU^ 120, eopjier vitriof 45, smalt 5. 

Sand of high grade is desirable m most casos 
or producing (ajimircti glasses. 

Any batch taken from a list Hi#-h as the 
above may require ailjustment to .suit I he 
article for which it is to he worlvinl and the 
normal temperatun* of the furnai-e. 'I'he colour 
also de|xmds on: (I) the freedom (»f the sand 
or other raw materials fnun iron t).\i(le : (2) the 
presence of oxidising or redm ing -condition.s ; 
(3) the nature of the othiT constitmmta present. 
Thus, as previously indicated, tlic sanu> colouring 
agent frequently yields sonu'u hat different 
colours according as the glass contains h^ad or 
caloiuiii, or according as the alkaline elmnent is 
sodium or poias.sium. 

In general, closed pots are most smtabU* for 
coloured glasses, ulthougli cobalt him*, iron 
oxide green, vi'getahh* green, ami <crtam shade's 
of amber can bo made successfully m tank 
furnaces. 

In addition to the raw materials stated 
above, it is usual l<i add .a ju’oportion of jirovi- 
ously melted glass or eullet. 'I’he amount 
may vary between 20 and 35 p.c. of tin; weight 
of the raw batch- Whatever amuupt is UHe<l 
it should be kept constant. 

Tjik Mkltino of Glass. 

Glass is molted in clay pots tu* erucibics, in 
a pot furnace or in a tank furnace. 

Pot furnaces. P<»t furnaeos are employed 
for the manufacture of table-ware glaas, jilain 
and coloured, and optical glass, and generally 
in factories where a number of tlifterenl types 
of glass are made simultaneously. They aie 
used for making glass of the highest quality. 

A pot furnace may hold any number of 
pots from two to eighti'on, and tln se may con¬ 
tain from about 4 to 30 cwts. of gla.ss. 'J'he 
floor or ‘ siege ’ con-sists of Ibitsk fireclay blocks, 
and its shape may be circular, oval, or rect¬ 
angular. Rising from the floor are arches, thi* 
pillars of which are of fireclay or sihoa hrick.s, 
and the arch is of such dimensions as to 
accommodate a pot of definite size, A curved 
roof of silica bricks called the ‘ crown ’ com¬ 
pletes the enclosure. The understructure de¬ 
pends on the mode of firing adopt'd. In the 
old direct-fired, and the semi-gas-firi'il system, 
a circular fire^x is built lielow the furnace 
ope nin g into a cireular hole in the siege called 
the ‘ eye ’ through which flame passes from a 
coal fire, or round which combusfion of gas 
should begin to reach an advanced stage. 

Modem furnaces are of two iy|x*s, recupera¬ 
tive and regenerative, both fired by producer gas. 

Figs, i and 2 show two vertical sections of 
the Hennansen typo of recuperative furnace.^ 
The firing is by means of producer gas generated 
in the producer P, which forms part of the 
understructure of the furnace- The gas rises 
to the eye and is mixed with the secondary 


preheated air which enters the shaft just below 
the eye at B. The preheating of the air is 
accomplished in a senes of rectangular fireclay 
tubes, the ends of which are seen in Fig. 2. 
'I'liese tubes are made and put together in such 
' a way as to constitute one set, the ends of 
which are seen, giving exit to waste hot gases, 



and a second R(*ri(‘s at right angles for the air. 
'I’he waste gasoH from the furnaco are divided 
into two stn'am.s which pass, one into each 
recuperator, through the tiilxs and downwards 
into the main channel leading to the chimney, 
'riic air enh^rs at the base of the recuperator, 
and following a course at right angles to the 



spent gas, rises, and becomes hotter and hotter. 
It finds its way out at B. 

■nie pots. These arc made in various sizes 
and shapes, and‘may be covered or open. Fig 3 
shows mfferent types: (o) a closed or covered 
pot is used generally for the highest grades of 
glassmaking. In one type, the ‘ oval ’ or ‘ dc^- 
house ’ pot, the distance from tiie mouth to the 
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back is considerably greater than between the 
side walls; (b) an pot, for medium 
quality glass, incliiditjg plate glass and also, in 
America, for oj*(iral glass; fr) a fikittlc! pot, 
used til the funiace iti an inclined jiosition so 
that the \v<irlvinan can readily gather the glass; i 
(d) a polcMte, nsefl occasionally in tank furnaces 
where th<‘ ' liaignig has l.o be done at. tlie sid<‘s 
and not at tlie (‘iid ol tin' tank, and also wWiv 
(h<- temp'lalntc at,the uoikiiig en'l ni<iKr's tlie 
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glass too fluid, ’riie glass iroin the lank flows 
into the ])<)tette through an opening near the 
bottom. I ho ])ols are made of tireelav which 
has heen earefuliy )»< k<‘d and weatheri'd. Three 
lireelay eonstitiients go to form tlie letnpered 
mixture trom wlueli the pot is [unit, namely, a 
plastic elay called a Imul clay, a base elay 
whieh should he as i('fraclor\' as possilile, and 
grog, or mixed tneelay whieh has heen pn-vioiisly 
burnt to a high tem])erature. Analyses ol 
tireelays which hav<‘ found eonsidr-rable use for 
glass jiots ar(‘ as follow's ; - 

Pkucismtaok ToMPosrrioM of Clays after 


luMTTON. 

1 g 4 


SiO, . 


57*35 

75-(;0 

71-00 

AI.O,, 

. 2.V2I 

37-27 

l‘)-2fl 

22-.-)4 

l<V,(»a 

. 2-.52 

2-10 

2-30 

2 .■>0 

Til>, . 

. 1-75 

1-20 

1-27 

1-17 

CaO . 

. o :t:i 

0-4S 

0-13 

0-17 

MgU . 

, 0'2H 

0-4.5 

0'4(f 

0-40 

K,() . 

. OiKl 

0-4:; 

0-S!»i 

0-72 

Na,0 . 

. [)■:)! 

0-(if 

0-1 (> 
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1 and 2, Stouibridge clays; 3, Halifax, 
Yorks; 4. Hudderstield. 

Tho chemical composition, how'cvor, is hy 
no means a sure guide to the projierties of the 
clay. 

Tho rela^vo proportions of clay and grog 
for n i>ot mixture vary. 'Fhc follow ing are some 
■which have been employed: (I) Stourbridge 


base clay, .*); Stourbridge bind clay, 4 ; burnt 
mixed Vlay, 2; potsherds, U. (2) Mixed 
Stourbridge elay, 1); burnt Stourbridge clay, 6; 
jiotsberds, />. 

'I’lie pro[)ortions arc always measured by 
volume. 'I'lie lirst formula is ty])ical of British 
jiraetiee, the second is one used in (lermany. 
Ihitshi'ids ar<' obtained from old iiots by chipping 
<iH’ all glass and eru.shing to a regular grain size. 

l''i'om Hio moist and ]ilastic, tcmiiercd clay, 
till' pot IS usually built vji> l>y hand m^atages, 
allowing intervals foi tlm uniform drying of thd 
ma.ss. tlnCbase iieing eoiisideiably thieker than 
IIm' upper jxu'tions. I’ots are built quicker by 
iisiim a w'ooden mould or ahap(‘. in which tho 
cl,IV IS built and liamiiK'red to remove air 
l)ui)b!es. More reeently. Hm' lasting process 
has coim- into use. 'I’iie < !ay mixture is made 
flm<] Ol eoiiveiic'fl into 'slip' hy tin* addition 
of .'I small amount, bi a weak solution of sodium 
earhotialo and silicate This slip is poui*(‘d into 
a, plasicj immld containing a lore, ami the 
pl.ister absorbs tlie moisture iirodueiiig a firm 
strueturi’ 'I'lie erow'ii or cover is u.sually cast 
sepaialely. and muled while both it ami the 
!io(l\ are still moist Ihough turn. 

'I’lie pot IS now allowed to diy slowly, dcviccH 
being emploved in modern plants to control the 
(legM-e ol humidity. Subsi-queiitly, the pot is 
.stoied foi months in a diy loom at aliout ()r)°F. 
jirior to u.se and Jaqit tree fiom vihration. In 
]U(‘parat loll toi- the glass fm iiaee il is fii-st heated 
111 a speeiiil furnace e.illial a pot arch, m wliich 
llie teiiipi'ratuK' <Mn slowly be raisi'd to about 
I lot) V. or I2<M» an<l tlie moisture, comhined 
water and carhoii.u-eoiis matter., duven off. 
In Ameru'.i, t!u' tolinwmg late of heating is 
eonsidcK'd good jiiac'tiee: ill 1 day, 7o ('. ; 2 
days. 12o ('. ; .‘1 days, ; 4 days. ; 

.*) ilays. siti ; (I da\s. 102')‘’('. ; and 7 days, 
IlfiO'C. At the lasl-nieiitioned temperature 
the jiot sliouhl be niamtaiia'd lor 3(1 hours. 

The jiroei'ss of ‘ po(, setting' n<*.\t follows. 
The pot, is rc'inoved trom the ])ol, areli on a 
heavy iron eariiage and placed carefully in 
position III one ol the arelica of the furnace, 
and the Iront, of the aridi closed as rapidly as 
po.«Mil)!e. preferably )>y lireelay blocks made to 
111 the an-li. 'Die only jiart I'xposed is (he neck 
or mouth of the cIosimI jioi, and into this neck 
or month a flat slali or Nto]>])er is placed. An 
ojien }>ot stands entiiely lieluml the furnace wall, 
l)4‘ing woi4ved through an opening m tho lattiM'. 
W'hen in position tin* jiot should bo allowed to 
irniaiu I'lnjity for a day at as high a temjieraturc 
a.H possihl*', slnu't of mci|uent softening, before 
being gla?.e(l and filled. 

Tank furnace, 'riiose are of much later 
introduction than the jiot furnace. Kssentially 
they consist of a tank, tfie bottom and sides of 
w'hn'b an' composed of suitable refractory 
blocks, usually pot clay, a silica brick crown, and 
means* of introducing batch and flame, and of 
removing glass. In size they may vary from 
a dead weiglit capacity of about 2 tons to 1250 
tons, the latter Ix'ing the ajjproximate capacity 
of one window' glass tank in America. Furnaces 
of from 100 to 350 tons deadweight capacity are 
' quite usual. 

lig. 4 represents tho cross-section of a glass 
tank furnace, ^t will be seen to be similar, 
generally, to an open hearth steel fumaoe. 
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The bottom (A) consista of olay blocks supported 
on girders, rest ing on piers so that air has direct 
access to keep the lx)ttom cool. The sides 
below the port mouth usually consist of three 
courses of fireislay bh)ck8 (B), ui modern furnaces 
9 inches thick. Round ti)o mouth of the ]n>il 
(P) the blocks ai*c of sihea. ami the crown ((') 
is of silica brick. 'I’he tank furnace sboun is 
heated by producer gas and is of tlu* regenerative 
type, the outer and larger <'liamb<‘r for jin'- 
heating the air, the ot her the uas. I n tlie furnace 
shown, the tongue m the poi^ is air-coolcd by 
two flues W'liicli run through it. gas ami 

air juix before (‘nteiing the. tank itself. A 
glass tank furnace always consists of a molting 
cnit and of a working ciul, and almost alway.s 


there is a division betw'cen them. I'liia often 
! consists of a double wall of firoclav blocks with 
a square or a circular channel called the ‘ dog 
hole ’ communicating between the two portions. 
Jn other eases a floating fireclay bridge or dam 
consisting of two or three portions is used, la 
both cases tlu' object is to prevent unmoltod 
batch or (Jlher floating impurities from passing 
into the working end, whtu'c <-lcar, bubblo-froo 
glass IS requir'd. 'FIk' small rectangle (D) in 
tlu' middle of the liguie isTli(‘ ‘dog hole.' The 
largei rectangle in broken out line (K) corrcsiKmds 
ttj the end of the <log bouse, that is, a well 
which IS merely an extension of the melting 
end of the fuimici' into which the batch mixture 
is charged. 



Kiu. 4. 


In modern furnaces tlie melting end only 
has gas jiorts, and tliosi- may be fnun tw’o to 
seven or mor<‘ in number, (h'pcndmg on the size \ 
of the furnace. Reversal ot the diicction of | 
the flame takes j>laco at least each half-lumr. ; 

The fusion process. In a pot furnace, ' 
supposing tlie jiot to hav«“ been set and main¬ 
tained for some time at the temperature of the ' 
furnace, a small quantity of cullet is usually 
adde.d so as to furnish a glaze for th<' sides 
and bottom. Batch is then filled in by liaiid 
(except in some })late glass f.icUirit'S wIuti* a | 
changing machine is used) and meU-ing begins. ! 
Gas is given off from the beti-h matcnals, | 
mainly carbon dioxide and moisture, ami j 
helps to stir up the molten mass. When all j 
batch material has disappeared, Imbbles of gas ; 
usually 1 ‘emain, and to eliminate them the ' 
temperature is allowed to risi*. thiTeby reducing ; 
the viscosity of the glass ami enabling tliem to ! 
eseai>e. Assistance is sometimes nece.ssary in 
this ‘ lining ’ or ‘ plaining ’ process, as it is ' 
called, and is given by ])ushing small pellets of ; 
ammonium nitrate or white arsenic o.s far below j 
the surface as possible, or by water, pushed to j 
the bottom in a blowpipe. These materials 
produce large bubbles on volatilisation and sweep 
out the small ones. When free from bubbles 
the gia«s is ready for working after it has l>een 
sufficiently cooled as to attain the workable 
oonj^stency, and after skimming the surface from 
impurities, ^ 


In a tank furnace the cliarging in of batch 
ami the woiking of fhe ‘ fined ’ glaas arc con* 

! linuoUH, as ptcvumsly cxplaiimd, and the 
I temperature is inaintamcd coiistaiitly higher at 
; the melting than at the working emi. 

Tjie MASTFAenmE ok DjKFmtEN’r Tv'PES (5f 
Glassw’are. 

The manipulation of glass and its formation 
into articles of glassware can be carried out* 
entirely by band, in many cases now also by 
inmdiiiic. Machinery is now rajiidly displacing 
hand labour for the common types of glassware 
capable of being jirodiiced in bulk to a standard 
pattern. In practically all (tases the molten 
glass in the furnace is taken and shaped straight¬ 
way into the articles requiriid. Two exceptional 
cases arc : (I) in the manufacture of better-class 
optical glass !cns(?8 and prisms, where the pot, 
of glass i.s allow'od to cool down slowly and the 
cold pieces of glas-s form the basis of further 
working ; (2) in the lampworking or bench-glass 
blowing industry, the raw material for ■^lob 
consists of glass tubing or rod previously made 
at the furnace. 

iHanipuIation by hand. 'I’he prooesses in- 
volved and tools used arc numerous; two or 
three of them are common to almost every 
operation, some others are also of very general 
use. Thus, gathering glass on a blowpipe and 
nmrvering it or shaping it in a* shaping blocl; 
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are the usual initial stnBM in making any glass glass is frequently blown in a mould and the 
object. i stem and foot added at the chair. 

Fig. 5 dejiiets several of the more essential ; The following diagrams (Fig. 0) will seree to 
tools. The blowpipe (n) has a rounded end ] illustrate the ojxjration of producing the han^ 
for mouth-piece tind a ‘ nose,’ usually slightly j made tumbler, that is, an example of turnw 
trumpet-shaped on the end of which glass is \ work. A very small quantity of ^ 

gathered by dipf>ing into Jind r()tating in the ' gathered on the end of the blowpipe and blown 


molten glass. 'I'he marver is a polished iron 
plate on winch the gathered mass is rolled 
on the end of the marver until it attaiii.s a 
cylindrical form, called the pnriunn, either luillow 
or solid, the hollow form l>eing obtained by 
blowing down the pijMi. The glassmakcr’s chair 




.mt into a small bulb (a). This in turn serves 
as the centre round which a further gathering (h) 
is made, siilheient for the size of tumbler to be 
made, lly blowing down the ])i]>e 
rotating the mass of glass in a slmping olock, 
the shape f.’) is obtained, the eonstriction being 
made so tliat eventually the fully blown 
Vf'ssels can be detached readily. By 
swinging the iron slightly, and by the 
further use ot the shaping block, the 
parison is given a slightly conical shape 
{(/), after which, by blowing and swinging, 
shajie (c) is obtained, and finally (/), 
after the somewhat thicker bottom has 
been ilattened out by contact with a flat 
and iiertectly smooth iron jdatc. The 
])i^K; iH detached by drawing a tool across 
tlie constricted part of the shoulder'while 
vessel is still hot and then giving the 
a slight taj) at its extreme end. The 
!-tumbler, with adhering shoulder, is now given 
its final form in one of two ways. This may be 
' (lone at the chair by ])lacing the bottojp of the 
: tunihlor in a bolder, reheating the shoulder in 
the moutli of the funiaci', and cutting it away 


I 


the 
I ])ip(: 




a 
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(6) has projecting arms on which the blowjiipe is 
rolled backw’ards and forw'ards in order that the 
spinning or rotating shall pn*serve the rounded ' 
outline of the vessel. At this chair sits the 
master workman, or glassmaker, who finishes 
the article by means of various tools, such as 
the tongs, shears, cal!i]K>rs, and flattening 
• boards shown in Fig. 5, in conjunction with 
rotation of the pi{)e. 

The various tyiies of hand operation may be 
classiflod as (!) free band* work, involving 
gathering, roarvering, blowing, and drawing as 
In making glass tubing; (2) turned work, or 
oh^ work, involving, may be, all tbe preeeijiiig 
processes together with the use of tools; (3) 
mould blown work, in which the inarveiW 
gathering is blown out in a mould—bottles, 
electric Tamp bulbs, beakers, and flasks; (4) | 
combined mouM and turned work. This last j 
Is now common. *Kowadays the bowl of a wine | 



by means of shears. The glassmaker then 
finally rotates the cylinder on the arms of the 
chair, and by means of tongs rounds ofl tbe lip. 
The second process of Anishing consists of 
making a scratch horizontally on the tumbler, at 
the required shoulder height, and then causing a 
crack to follow this scratch by rotatix^ the 
tumbler at the V>p of the flame from sevraal 
fine-pointed gas jets. Onteking off machines 
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are constructed in trtiioh these processes can be 
readily carried out. The edges arc rounded off 
by gas ffam^ applied either in another portion 
of the cracking off machine, or, by placing the 
tumbler in a holder and rotating the mouth in a 
gas flame. 

• In the case of muuUl-blown glaMswarc, the 
gathering of glass after being marvered and 
formed into the pariaon, is blown out into a 
mould correspfmding to the external size of the 
article reguired. The moulds may be of wood, 
carbon, brasa, or iron. M<uilda of speeial alloya 
have also Imh'h tried. The moulds of wood and 
carbon produ (!0 the best finish, whilst tlie iron 
moulds are lea-s satisfactory from this point of 
view, although their durability canaos thorn to bo 
used in the majority of cases. Metal moulds 
may be used rlry or may bo covered with some 
form of hibrioation, iisiiaily a paste, in wbieh 
case the moulds are nderred to as paate moulds. 
The paste is frequently a mixture of finely- 
divided carbon, sut'h ns lamp black, red lead, 
^nd linseed oil, but other foiuis of jniste ar«‘ in 
use. The paste must he thinly and uniformly 
spread, and the moulds after each blow’ing 
operation are dijiped into water cool them 
and )»revent the jmste being burned away too 
rapidly. Electric lamp bulbs, chimneys, blown 
tumblers, beakers, and flasks are blown in paste 
moulds.* 

Hand-made bottles are almost invariably 
blown in <lry moulds. 'I'he process involves 
gathering at the end of Jbe pijn', marvenng into 
the parison, which usually has a soinewliat 
smaller diameter at the* end atljacent tt) the 
pipe than at the free end, swinging sUglitly to 
cause elongation, and tlien blowing out into the 
mould. Two metlutds of tiiushing tlu’ bottle 
are used according to the tliiekneas of the nock. 
In heavy bottles witii a thickened ncek the 
latter is made at the furnace by the bottle 
maker, who a<l(ls an additional ribbon to the 
neck where it has been broken off from the inpe, 
and then by rotating the bottle at the chair 
and inserting a neck-forming tool the neck is 
given its final shajie. In lighter made bottles, 
such as those ifted for medicines, the end which 
has been burst off from the blowing iron, is 
softenod in a small subsidiary funia e known 
as a glory hole, usually heated by tow’n gas or 
oil, and the neck is formed by pressing back 
the softened portion of the glass by means of 
the neck-forming tool. 

• Glassmakino Machin£.s. 

These are of various types. Six main types 
may be distinguished according to the process 
involved. 

J. Pressing rna^chines, as used for thick and 
heavy dishes, glass reflectors, jars, &c. 

The machine may bo hand ojieratod, as in 
the case of large glass dishes. The mould 
consists essentially of two iiarts, namely, the 
mould proper into wliich any design may be cut 
so as to produce the design on the exterior of 
the glass article, and the plunger, corresponding 
to the interior of the vessel. The mould is fed 
with the requisite quantity of glass, and the 
plunger brought vertically down into the middle 
of t^ mass of glass, ptessing it out so that it 
occupies the mould complete^. 

2. Blowing machiwst either semi-automatic 


m 

or fully automatic, in which the gathezing of 
glai» is blown out into a mould. Such maemnes 
arc used for making glass ohimn^s, blown 
tumblers, electric light bullm, Ac. The manu¬ 
facture of the latter is inferred to later. 

3. Pressing and blowing machines. In such 
machines there are two sots of moulds. The 
first into which the requisite quantity of ^ftSS 
is charged is called the ‘ j>ari8on mould.’ This 
gives the initial «ha|>o to the nook of the vessel, 
the neck being formed by a ])lunger under 
pressure, in some cases by suction. The second 
set. of moulds, known as * finishing moulds,’ have 
the glass from the parison mould transferred to 
them and the article then blown up to its 
complete shajie and size. 

4. J)rnii’ing machiueH such as those in which 
sheet glass and also glass rod are drawn out 
continuously. 

5. Blowing atul drawing inackinesy such as 
for the continuous manufacture of glass tubing 
and cylinders for window glass. 

fi. Catting and rolling machines, as in the 
manufacture of plate glass with its various 
varieties of rolled, ribbed, and w’ircd glass, 

A few illustrations will now be given of the 
production of different tyis'sH of articles in glass. 

('onsidering these types in the order of the 
i^lassilication given })reviou8ly, common forms of 
glass ware made from sodium-calcium glass 
come first. 

Bottle. The hand process has already been 
referred t(t. It is now largely confined to small 
bottles such as are used for medicines end 
perfumes, and esjiecially the small bottles which 
ar<^ to bo ])rovidod with a gnmnd-in stopper. 
Most bottles and jars are now made by 
maidiine. 

Eig. 7 illustrates one modern Wpe of bottle 
machine, namely, the O’Neill. The machine 
consists of two circular tables each carrying six 
moulds, the one table carrying the parison or 
neck-sliaping moulds (P), and the other the 
fim.shing moulds (F), seen in various positions in 
the figure, one of them being ojion. Glass is 
foil into one of the parison moulds from the 
furnace, and after insertion the operator touches 
the trigger (T) by means of his blowpipe, when 
the nmchine is set into operation and the mould 
moves forward to its second station. At the 
second station a blowing head (H)' descends on to 
the top of the .parison moulds, and the plunger 
is forced u]) from below to form the neck. At 
the fourth station the parison is transferred to 
the second table into the open blow mould, 
which then closes round it, and a blowing head 
at the second station on this table comes down 
and blows out the bottle. A further automatic 
device removes the bottle from the mould. 
When fed by hand such machines make 
from 10 to 1.5 bottles per minute according to 
size. 

Maftihincs of ^is tyj)© are also adapted, by 
using suitable moulds, for producing jars and 
lamp-shades. 

. The machines may be made fully automatic 
by feeding them either by meajis of what is 
known as a flowing device or by a glaM feeding 
device. In very recent years these devioee have 
come into extensive operation. In all eases 
the device is attached to a glass tank fumaoe; 
pots are unsuitable. Usually it consists o|. a 
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short trough, conatitulitig nn oxtcnaion of the 
tank furna<-o, and from tho trough glass either 
flows by gravity or is |>ro)K*l!ed mcfhanie.ally 
through an orifice, below which a ]»air of shears 
Hovers the glass into ])i(‘ees of uniform weight, 
In Ifie Hartford-Kairmont feediT, the tempera¬ 
ture of th{‘ glass 111 the trough or fon^hi'arth is 
controlh'd by gas burners, and the glass is 
seoopi-d over a spout at the end of tlie trough 
hy means of a ]iarl<lle. 'I’ho opiTaliou of the 
feeding deviei* is tinuM] so as to eturcspond 
precisely Mitli tlie inolion of the glassniakmg 
inaehine, so tliat a inonhl stamis ready below 


the feeder at the moment when a piece of glass 
is severed by the shears. 

Machines similar to the O’Neill are the 
W. J. Miller, the Lynch, the Edward Miller, the 
Teejile, the (!ox, and the Hartford-Fairmont, 
all of them of American design. 

Fig. 8 illustrates the ITi-arm Owens machin»> 
which IS completely automatic. Each of the 
arms is provided with a iiarison mould and a 
linishmg mould. In operation, the parison 
moulds as tliey are I'arnod round the machine 
ur<\ l)y a special movi-ment, lowered into a 
revolving •ircnlar trough of glass ted from the 



main melting tank furnace, (ilass is sucked 
up into the parison mould and the neek is 
formed by siudion. and not. hy pressiin* in this 
cose. As the parison mould leaves the trough 
a knife severs the excess glass from the Imttom 
of the mould. The parison is next transferred 
to the finishing mould and blown out completely. 

Such machines have actually lieon adapted 
for making bottles and jars of all sizes, from 
about I 07. u)) to a carboy holding 15 gallons. 
In the case of very tiny bottles as many ns 
160-200 per minute an' produced. This quan¬ 
tity is obtained by making each mould double 
or triple, so that at each rotation either 30 or 
46 bottles are produced. 

Window ^Gus. Window glass is made by 
hftnd and by various types of machines. In 


• the hand process the figures (Fig. 9, p. 396) 
illustrate the several stages of the operation. 
(Jlass is gathered and niarvered, and shaped 
into tlic ball (a). By rotation and blowing in a 
shaping block, the pear shajio (6) is attained, 
and subsequently (c) and (rf). The glass is 
then sw'iing, pendulum fashion, at the end of 
tlio blowpipe m a rt'ctangular pit, the operator 
standing on a platform. The end of the cylinder 
may have to be reheated several times in the 
nu>uth of the furnace before the full length is 
attained. The end of the cylinder is cut open 
with the shears, and by rapid rotation the 
mouth 80 formed expands until of the same 
diameter as the main portion (g). The shoulder 
is then cracked off«(A). The size of the cylinder 
iqade varies in different countries. A length of 
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5 feet 0 inches and diameter about The cylinder la out into lengths by an 
frequent in this country. ' electrically heated wire, and each portion split 

Much larger cylinders are made by machine, j longitudinally by a red<hot iron rod (it). In 
In one process a charge of about 550 lb.s. of j some cases the cylinder is split into two parts, 
glass is removed from the tank furnace in a { 'Phe split lengths (/) are placoil in a flattening 
ladle, transferred t() a shallow circular lireelay | furnace on a smootli stone table and flatten^ 
^rough, and after its tomperaturo has Ih*oii ■ by use of a wooden block, 
adjusted by ga.s flames, a ])iowing head is lowered | When flat, it is jiassod forward, after alight 
into the glass, k(^[>t there unld tlic glass udliert's, j cooling, into the annealing kiln, 
and IS then ilrawn out slowly, air und(“r low ■ Tw'o jiroeeasc's of window glass making by 
pri'ssutx* (1 2-inch watiT juessure) jiassing down , machinery produce the tiattened sheet straight- 
the stem ainl blowing (Uit tiu' uhe-s wliieli way. 'I'liesc are the Kouioault and the (kilburn 
assumes and retains the evlindfical|jorm as the jirocessos rosptaitivoly, the latter being better 
head is raisial. Heavy evhmh'rs Ix'lween j known as tluj Lilibey-Owens process. In the 
.1(K) 400 inebes long and 20 incln's or mor(' in lonner, a bait which may be of metal, or a strip 
diainet-in” can be drawn. of glass, is let down into a well whieb forms the 
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extension of a tank furnace. The adhering glass prevent the glass sticking, and for the same 
is then draw'n vertically ujiwards, and at a short purpose the roller is scored in such a way that 
space above the well passes' between rollers it has a somewhat roughened surface. The 
which not only assist the upward movement, but ' glass is melted in open pots and poured 
keep the sheet flat. The long chamber up ; evenly before the roller, whicli is then moved 
which the sheet is drawn also serves as the ‘ forward along the table, jmraediirtoly after 
annealing chamber. In the (‘olburn or Libbey- being rolled the piece of ])late is transferred to 
Owens jiroecss glass flow.s from a tank furnace ^ a very long lehr, or annealing oven, which may 
into a shallow trough into which a metal bait i exceed 30(1 feet in length, where it is cooled down, 
is lowered. The bait with the adhering glass ‘ It is then cut up into suitable pieces and fixed, 
is then drawn ujiwards, vertically, for a distance in pla.ster of Paris, on a circular grinding table 
of about 3 feet, and then is passtal over a metal ana ground down with water and several grad- 
rollcr into the horizrjntal position, and on to ings sand, commencing with the coarse and 
a travelling belt. The glass sheet is thu.s con- j ending with the finer gradings. Enery may 
veyod horizontally through an annealing oven subsequently also bo used. After the grinding 
a distance of about 200 feet. 'I'ho drawing , of both sides, the pieces arc re-embedd^ in the 
operation is carried on at a rate varying from tabic and polishcxl by moans of water and rot^^e. 
about 20 to 72 inches per minuU% a.ccording to , Strengthened sheet glass, for coostruotionad 
the thickness of the glass required, j work, is made in several different ways. Wire 

Plate glass is made on a long iron table , glass is one important form of sneh glass. In 
which can be traversed by a heavy iron roller. ‘ the latest method it is formed by orimphig the 
The table is spread with ^ layer of sand to ! wire mesh, placing it on the casting table, pouring 
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glans over it and rolling out the sheet in the 
ordinary manner. 

A more recent type of strengthened glass has 
been produced by rolling a sheet of celluloid as 
a layer between two sheets of 
plate glass of imif the usual 
thickness, and in another tyjie 
both wire and celluloid are em¬ 
bedded. 

Triplex gloss, whicli rendered 
very groat service dunng the war 
in m<dor ears, acroplan<M, and 
submarines owing to its non¬ 
shattering projR'rties when frac¬ 
tured, is produced byecm(‘nting 
together thYoe shee.ta of glass so 
closely as to a])pear one. On 
being struck by a missile such as 
a bullet, cracks radiiil.e in star 
form from the jiomt of contact, 
but no splintering ocenra. 

Lead - containing glasses an* 
used very largely for table-wan* 
and general artistic glass. I'he 
manipulative process is almost, 
always that of hand operation along the linc.s 
previously indicated. 

Electric lamp bulbs are made by liand and 


greater, a 12-arm machine producing at least 
iOOO bulbs tier hour. 

Chemical, scientific, and heat-resisting glass¬ 
ware. Almost all types of this particular clam 
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by machinery, in botli cases by blowing inti 
paste mouhls. 

Two types of maebines have n'cently come 
into use, the one known as the Kmjiirt* mai'.hine, 
being semi-automatic, the otiier, the Westlake, 
being fully automatic. In the former, the glass 


t 
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w gathered by the workman at the end of a 
blowing iron, and the blowing iron then inserted 
in the machine where the glass is marvered and 
finally blown out into the mould. The milcliine 
has four arms. The Westlake machine is fully 
wtomatic, and may have 12 or 24 arms. Glass 
ii gathered by an arm which is projected into 
the glass fumaoe and transfers the glass obtained 
into a cup, and thence to the end of a blowpipe, 
whioh is, initially, in the vertical position with 
ite nose upwards. The arms cany out the 
various operations similarly to the human blower, 
but the productive capacity is very much 


arc mad(^ by liand. Fla.sks and beakers are 
blown in paste moulds. Fig. IP shows a mould 
for a llask, and Fig. 11 the initial form of a 
iM^aker. The shtiuldcr is then out off by the 
si'cond ])rocess described in connection wiih the 
tnrnbl(*r (p. 302), and the edges auv heated and 
flangid and a lip added w'here desired. 

Glass tubing is draw'n by first marvering a 
thick hollow cylinder of glass, built up by 
several gatlierings, and then lowering this 
cylinder in a vertical position until its base 
unites with a disc of hot and soft glass, attached 
to a holder held by another operator. When the 
union is iinn, the assistant with the holder 
* walks backwards along a wooden track crossed 
by strips of wood, pulling out the glass tubing 
as he walks, the chief glass blower at the same 
time turning his blowpipe round and round ’ 
and occasionally blowing down it to prevent 
the walls of the glass from collapsing. The 
tubing is laid on the wooden strips and after 
cooling cut into lengths. 

Tlie Libbey-Owens machine, invented by 
pannor, improves the uniformity and enorm^ly 
increases the production of glass tubing, 
from a furnace flows in a stream on to an 
inclined rotating clay tube slightly cone-shapetb 
and runs down to the end (big. 12). It is pre¬ 
vented from forming a solid mass by a currAitoi air 
transmitted by an iron water-cooled tube enclosed 
by the clay tube. The glass pulled from the 
end of the latter is_^hol!ow and cylindrical. The 
pulling is done by a machine, attached to which 
is a wheel which cuts the tubing into lengths. 
Glass tubing can by this machine 1^ made at 
more than 120 feet per minute. When glass 
rod is required, the air current is shut off. 

Optical glass. Since the use of decolorisera 
in glass results in a loss of transmission of light, 
it is essential that practically iron-free materials 
be used, and that the pot be as little subject 
to corrosion as possible. 

After the batch has been melted, a water- 
cooled fireclay stirrer is inserted in the pot and 
the glass stirred thoroughly so as to remove 
both bubbles and flayers of different density. 

In one works, stirri^ is aotually b^un during 
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the melting. After the glass is * plain ’ the 
stirring is continued while the temperature is 
being reduced, until the glass is too stiiT for 
further movement. 

The pot is then allowed to cool very slowly, 
either by bricking up the furnace, if the latU-r 
is of the unit typo, or transferring to a heated 
pot arch, where the temperature is slowly 
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reduced, oi’ again, by removing tlio pot and 
covering with a non-conductmg cover. 

When cold, the glass is found to })c broken 
ui) into aiigular jiortions. Usually most of the 
glass must he rejected because of the eontainiua. 
tion derived from the pot. Often, only about 
20 l>.c. is recovered as slabs of good gIa.os. 

For use, the angular jsirtions are re-liealed 
in a muffle furnace to softening point, then 
pressed into rectangular slabs and subsequently 
annealed. Fine annealing, for the removal of 
ail^rain, may take from two to three weeks. 

^he slabs are cut, across, and opposite ends 
polished and examined in the polanscopo for 
strise and strain, as also for bubble. 


suffmiently soft. If the glass is quite soft then 
the strain is relieved rapidly; or, in other 
words, annealing takes plaoe quickly. If, on 
[ the other hand, the glass is only ^htiy removed 
fnim the rigid state, then annealing requires a 
considerable period of time. In praotioe, speed, 
is an important factor in the production of 
I most articles of glassware. In such case the 
j articles are heated up to a temi>oraturo as high 
' as possible, just short of deformation, so tliat the 
strain is rapully removed. Tho annealing 
tomjierature employed under these conditions 
has heeti detined as the upjKT critical annealing 
tem(iera1ure.' ’I'he glass must subsequently be 
cooled down at a fairly slow and definite rate, 
until it has becomi* so rigid that movement of 
djfTenmt layers is jiractieally impossible, so that 
no strain can Ik* reintroduced. Tho tempera¬ 
ture of 8ullici(5ut rigidity has been described 
as the lower critical annealing temperature. 
In tho case of ojitieal glass it may he advisable 
to anneal at a temperaturo only slightly exceed¬ 
ing th(! lower critical annealing tompiirature. 
A .slight reduction of temperature, which can 
bo made very readily, is then sufficient to 
remove the glas,s from the region of 2 >oa 8 iblo 
recurring strain. 

The actual upper annealing temperature 
and also the length of range l>etwec*n that and 
the lower value, obviously dej)endon the viscosity 
of the glass and on the rate of change of viscosity. 
These in turn depend on the eomjiosition of tho 
glass. 

'riu5 oxide constituents which tend to reduce 
the aniiiMiUng temiK'raturc are s^idium oxide, 
jKitassium oxkli', and leafl oxide. Lead-ooii- 
tainmg glass('s can he readily annealed. English 
I crystal glasswiire has an iip|)er annealing tern- 
j jKTature in tin* nciglibourhood of 450''C., and 
I most commcieial tyjies of lead glass arc readily 
! annealed at tempi'ratures of 45b*('. to 600®C» 
i Wimlow glass, and, generally speaking, sodium* 
i ciUcium giasKes. have an annealing temperature 
I round about 550”-r>b()^, although, according to 
j the oom]>o8itioii and the jienK-ntage of calcium 
oxide, the value may range from 540® to 610°. 
Miner's lam]) glass which contains high silica 
and boric oxide content riMpiires a temperature 
of approximately. 590”, whilst resistance glass 
I for chemical ajuiaratus may need a temperature 
I as high as G.'IO'’ (English and Turner, J. Soc. 
I Glass Tech. 1918, 2, 90 j 1919, 3, 125 and 278 ; 
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All articles of glassware, as also slabs of 
optical glass after being made into regular I 
block form, need to be ani^aled in order to 
remove strain set up in them during the cooling I 
process. Glass, being a very viscous materia), ! 
and having only poor conductivity, sets hard I 
on the exterior, while tho mass in the interior ^ 
is at a distinctly higher temperature and is more 
fluid. Consequently, stresses are set up on the 
exterior and strain on the inner layers, so that 
these inner layers tend to contract on to the 
outer ones. Where the exterior is chilled 
rapidly, as in the production of Rupert’s drom, | 
by allowing small blobs of molten glass to fall I 
into water, the interior layers contract on to' 
the exterior to such an extent as to leave an . 
apparent bubble. The staesus and strain in 
con ho removed as soon as the glass is' 


1920, 4, 387). • 

In commercial practice two main types of 
furnace arc used for annealing, namely, the 
kiln and the continuous annealing oven, balled 
the ‘ lehr.’ 

'j’he use of kilns is now almost entirely 
confined to heavy glassware for table use, aim 
similar articles on which work such os cutting 
and engraving has subsequently to be done. In 
America gas-firod muffle kilns are Used for 
glass jugs, tumblers, Ac., with much advantage. 

The continuous annealing oven, or lehr, con. 
sists essentially of a brickwork cembostion 
chamber extending about 10 or 12 feet from^ 
front to back, and leading into a contiiniottt 
tunnel, so that the total length from the front 
of the combustion chamber to the end of 
iehi may be from 40 to 70 feet long, and in the 
case of windo\^ and plate gloss ^ry msdh 
longer, even exceeding 300 feet. The oimibastkNa 
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chamber is UHually hoatcMl by gas, .although I be divided into two dassos, namely: (1) those 
oil and coke heating are still used, and in this } carried out at the furnace during the formation 
sootion of th<' lehr the object aimed at is to ! of the article ; (2) those dependent on the treat- 
maintain the articles at the required annealing ment of the surbice. I’o the former belong such 
temperature ho that all strain is removed. The ! jiroeesses as easing, H])iniung, filigree, and 
heatial air and, ei\<-ept where the otimbusiion i mosaic wcuking, 1'he second class js divisible 
chamher takes the'form of a muflle, as in the I into two groiqis, according as the surface is 
modern “ imifHe leiii'H, ' fhe products of contbus- ! treated hy rneclianieal means, sueli as those 
lion may [lass down the tunnel for a certain dis- .involved in dceojation hy grinding, cutting, 
tance which can Ix^ controlled by Hues and Ix'velling, polishing, engraving, sand-blasting, 
dampers. Thewidtfiofthelclirisfrcqucntlyalxjut ; and frosting; or by (he action of chemical 
(I feet, hut may Ixi as much as 12. The ai*tieles ot ' reauimts, such as in etching, silvering, iridising, 
glass-ware may be placcxl ni pans which are and in ghf.s ]iauitiiig. in rather a different 
linked on to one iinolher and drawn Ihrough cab-gory i« fho art of trcalmg glass tuliing or 
the lehr gradually, on ]nilleys attached to a fixed lod by lamjiworking or beiicii glass blowing, 
track, in a few' eases the articles are ]ila<x'd Casing consists usually in s|ireading a 

in wagons which run ou a ti'ack. Jn modern imitorm, thin layer <jf colour ovit an article f*f 
lehrs for mass production an (Midlc'HH Ix-lt cairies colouiless glass,. The ei'loured gla.sses most 
a moving ]ilatforn! on*whicli the article's arc* commonly useil are niliy, blue, and o))u!.#The 
plaeeil, aiul the speed of this jilatlorm is i-on- es.sential eouddioiis foi (using are that the 
trolhxl meidianieally aeeoriling to IIk* character i glusst-s shall have ajiproximab'ly eijuul eex'ni- 
of the glass and the time letjiiired for annealing, i cK'iits of expansion an<l be soft or ])lahtie. 

'Die host test of satisfactory annealing is to j (Masses of fairly high lea<l content aie very 
exainiiU' the artules <if glasswaie Ix^tween [ suitalile for such tieatnu'iil. One method of 
crossed Nicols. A wi-ll-anncaled spei imen pi-r- | carrying out the opi'ration is to make a gailu'ring 
niits ])raetleally no liglit to pass thiough it, ; of the colourless glads, to blow it up slightly, 
whilst a strained sanijilf wilt tiausmit an amount and then dip into a jiot of t.lx' coloured glass in 
of light dependent on the (legiec ot sirain. riu-li a way that a uniform outer layer is oh- 

Hardenlng of glass. Tins may be earried tamed. The i'oinbine<l gathering is then 
out. I'ither hy the prixcss of De la Bastie, or by ’ worked u]) by turning <.>r blowing in llie usual 
that of Siemens. In the former, <fiseovered.m inaniK'r. 

18715, the glass article, while stdl rod hot, is; Handed glass, feather glass, filigree glass, 

quenched in a bath ol oil or fat, the actual jam! the insertion ot an I'nahiel hacking in 
teiupeiaturc of both glass and the bath, that | lliermometer ami othci tubing aie all sjiecial 
IH, the quenehiiig range, ilepeiuUng both on the | i-xauqilesof easing. Tlu'eimmcl haekingof iuhing 
composition and thu kness c>f tlie glass. Sodium- i' a simple e.xainple. One metliod (»f making it 
calcium glas-ses lan w it list and a greater qm-mh- | consists in prepaiiug a rod of oj»ai gla.ssand insert¬ 
ing range than (he lead glasses. Tlu' process ; ing a length of it in a veitieal n-eess in a mould. 
rcHults in (he sudden ehiUing of live outei ^ 'I’lie ])arisoii of eoloiirless g!as.s is introdueisl 
befoixi the luiier layeis, so that the surface layers ; into th(' mould so as to come into contact 
undergo greater siirmkagc, eausiug them to be I with, and pick up the opal rod, alter which the 
subjected to coinpre.ssioii. whilst tlie inner pansoii is inarvmxl further to com])Iete the 
layers, on the other hand, are in tension. (Hass | union. A furtlier gathering <•( colourlesH glass 
in this condition Ix-coines less brittle, is more i to cover the o]>al is tlien made and the whole 
elastic, and eapuhle of withstanding mei-hanuail ; mass drawn into tubing in tlu' ordinary way. 
shock and sudden ehangi' ol b'mjieiature, but ; Koi iletails of manipulative methods of 

if t'lie Hinfaee is oiu(' broken tiu' whole mass dei'oratmg glassware at the fuinnce tlu' reader 
bcoomes shattered. « should i-onsult Muhlbauiu's lUraidliuiri, Bcar- 

In Siemens’ ]noeess, th» temperature of bui^tng, ntw Verzirrnnfj d<H frnt<rcit IfohbjUunH, 
prt'ssed glass articles is rapidly but imitorndy ' Iffll ; Apsli'y IVIlatt's o/(7/a.w»a4'/r«/ 

reduced in s|K*cial moulds, or Ix-tween metalhe i eoutainB a good account, but is unfortunately 
or clay plates maintained at a sintablo tem|x'ra- long out of jirint. 

ture. i’avement lights'(reati'd in this manner; Cutting for decorative processes, largely 

resist cutting hy a diamond. ; emjiloyed for thick table-ware, is carrietT out in 

Compound glass, the basis of th<' durax several stages. The pattern to be followi'd is 
water-gauge tubes, was develojx'd by Schott to , marked out m chalk and tlu'n cut over bv an 
give the same resistance to shock and change . edged iron wheel forking in a vertical plane, 
of temiieratuix?! as luirtlened glass. A gathering j the edge'being constantly fed with sand and 
of glaos 10 (111) IS made over ,*i0 (111) and tlie , water. 'J‘his lirst, or roughing process, leaves 
cylinder drawn into tubing. The former has the cut ixirtions with a lougheiied surface which 
the larger thermal ex]mnHU>n (ami eoutrac- ■ is tlien gone over by a similar stone wheel, 
tiou), so that on cooling the outer layer is under , ('raigleith stone being in common use, and 
compression and the inner undef* tension. Wlu'n finally by a woodim wheel using putty powder 
. the tubing is heated up botli compression ami or other soft polishing material; or again, the 
tension bcxxime relaxed, (llass r»0 (Hi) whieii j linal jxilislung stage may lie carried out by 
forms the inner layer is also very resiatuut to | immersion in an etching bath for a short period, 
the action of water and steam, ' In some cUvsses of pressed glassware the 

roughing jirocess, or use of the iron wheel, is 
The Ubcobation and Aftke-Treatmknt or abonshed by cuttint? the pattern in the mould 
Ciijvys. DO that the article receives the main impression 

The processes by whicii glasi may be onia- at the furnace. r-Immodiately after being 
mooted or marked ai-e iiumci-ous. 'J’hcy may I pressed, the interior of such article, uimaliy 
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dishes and bow^, is * fire polished ’ by the 
action of a hot gas flame which removes all 
^ughneas caused by the plunger of the press. 
The article may bo sohl without further treat¬ 
ment, or the pattern on it may be considerably 
improved by the use of the atone wheel and the 
subsequent polishing process. 

Engraving is carried out by sharp-odgcMl or 
bevelled copper wheels varying in size from lliat 
of a pin’s head to 2 inoli<‘s or more in diameter, 
the spindh^ carrying tlu* wheel Ixnng (Ixeil in 
the chuck of a lathe. 'I’lie glass arti(“le is lield 
in the engraver’s hands against th(,> rotating 
wheel. 

Very pleasing effects are obtained by cut I mg 
or engraving designs on eased glass, (vsjieeially 
where the cutting pi'iieti'ates the «mter eoloun'tl 
layer to the inner colourless oik'. 

Glass grinding is earned out not. only for 
dccoraCivo purposes, as <iescribed under ‘ laitting,’ 
but also in the production of lenses and prisms, 
gla.ss 8topp(*rs, both s<»lid and hollow, all glass 
8 yring(‘s, and iii the smoothing oft of various 
articles whose* ends wouhl <ith«“rwise have sharji 
edges through being eiacke^l off m a tlanie, 
articles such as blown tumblers, ehimnevs, ami 
miners’ lamp glasses. bens(*s fot grimlmg are 
embedded, a large numlier Himultaiu'ously, in 
pitch. The ‘ block ’ .so produ<-(*<l may be* flat if 
jilano lenses ar<- reijuired or may have a curved 
surface corre.sponding to (In* li'ii.s eiiivatiire 
required. The grinding is dune liy a tool or 
head of iron with its .surbu-<‘ Hlnijwd to the 
iwjuired eurvature In the grinding proi-ess 
this tool moves over tlu' iiloek of h'lise.s in a 
path w'hieh is eonlinuoiisly vaiving. I‘’ine 
carborundum or emery jiowder are the usual 
grindinj^ meilia with water, and rouge follows 
in the polishing stagi*. 

For the bottoms and edges of gla-ss ailieies 
large cariioruncium wheels, revolving in the 
horizontal plane or carboruinlum eyimdeis with 
the flat-ond set vertically, are used. Jti the 
former case, the articles to be ground are ln‘ld 
vertically, in tlie latter, horizontally. In 
modern maehine.s, a large! number of articles,* 
such as tiimbiers, can l>e treated in a v(“ry short 
time. Follow'ing such edge grinding, tumblers 
and similar articles an* transfern^d to an ‘edge 
melting’ machine consisting of a continuous 
belt or track, by means of which the articles 
are carried through a zone of flame obtained 
from a double row* of impinging gas.jets where 
the edges are rounded off. .Solid glass stojifiers 
are ground by fixing in a chuck on a lathe and 
grinding with sand and wat<*r to the required 
degree and taper. 

The grinding of hollow stoppers and4iiternal 
grinding generally is done by soft steel or iron 
drills, suitably tiij^ered and fixed in the chuck 
of the lathe. The rotating drill is inserted in 
ihe article and fed with water and one of the 
various grinding powders, which include diamond 
dust. 

Saodblastlng, employing the cutting action 
of wind-driven sand grains, was introduced by 
Tilghznann in America, 'riie matt surface so 
reduced can be controlled in extent and design 
y covering part of the glass surface. For this 
purpose a metal stencil may be employed, or a 
trailer eomjnising some definite deagn done 
in ofl or fat or other soft material which prevents 


the cutting action of the sand, can subse¬ 
quently readily be removed, leaving a patteni 
or design in clear glass. 

Frosted glass, in w’hich the surface is marked 
in fern-like patterns, is based on tlio discovery 
I of Cailletct (Oompt. rend. 1{K)2, 134, 400), who 
I found that a coating of glue or of gelatine, con* 
, taining some neutral salt, wh<*n applied to glass 
; exertod so jiowerfu! a disruptive action during 
its drying and Hhriiikage as proiiuee frost-liko 
, palti'ins when tlu* dried i;oating was romoveti. 
1’lu* ])roeesH i.s ajiplied to wiiulow glass. One 
l mixture employed consists of gum sandarac 
i \H jiarts, gum mastic 4, b<'nz(‘nc 40, ether 200 
I ami tlu* mixture i.s jioured umforinly over the 
I jireviously cleaned surfai-i*. 'I’he sheets of glass 
after ln*atin<‘iit remain in a drying room until 
' tlu* gelatim* is set, ami afterwards in a warm 
; room to speed u[) the eoiitraetioii of the coating. 

Etching, by means of hydrofluoric acid or 
; fluoride solutions, is commonly employed both 
i for decorative j>ur[)o.ses and for marking 
graduated glass inst.ruim'nts. 'I’ho reaction 
j may b(' (*xpn‘ssed by tiui (*quatlon : 

I K..U.('a(),r.Si() 2 -| 28MK 

I " =2KI’ ) f 141f*0. 

; The efleet ju’odueed dcpemls on the typo of 
! glass, and on tlie nature uiul strength of the 
I etching solution. 'Phe glaHh(*a of high lead 
j content, as used largi-ly foi* t.able ware, aro best 
suited for etching. Hard potash glasses^and 
clioimeal rosistanei* glass an* only very slowly 
attaeki'il. l)(*pc*ri<lei)t, on the solution, one may 
obtain malt etching, clear etching, or may oven 
get a ])olishefl Hurfa<*e. A good matt etching 
IS id)taim‘<l by immersion atorflmary temperature 
111 a stdution of 10 parts IlF in 100 water, the 
solution being neuiralisi'il by jiotassiuin car¬ 
bonate and 2 a<ldi(ional parts of IIF then 
addl'd. Af|ue.uis solutions of animoriium fluo¬ 
ride, usually inatle as re(j[mred by neutralising 
the acid with ammonium (;ai'bonaie, act rather 
I slowly. A mixture of anmuuiiiim fluoride C 
; parts, hydrofliiorle a<nd 2, anti w'atcr 5, will 
' produce at ordinary tenijierature a very rough 
matt etch. A satin etch is obtained by u solu¬ 
tion of potassium Huori«le 10, hydrochloric acid 1, 
water ITH), the temperature of the solution being 
40“- (K>®{ \ For line cloliing, used eith(*r for simple 
lines as on graduated instruments, and the 
simple line decoration on tumblers, or for etched 
designs as a substitute for engraving, dilute HF 
is used, a auitable solution for (leep etching 
i being hydrofluoric acid 1, suljihuric acid 1, 

! wat(*r 4-5. 

I Acid jiolishing may be carried out by hydro- 
' fluoric acid in the presence of strong sulphuric, 

; the liquid being agitated to prevent the deposi- 
i tion of fluorides whicli normally produce the 
i matt surface effect. 

I If a lino design is to lie etched, the gl^ 

I suHace.* must previously Ik* coated with a 
; resistant material, and the design then traced 
i by an instrument with a fine point. Two such 
1 * resists ' are : (I) asphalt 5, resm 2, tallow 1, 

I Venetian turpentine 2, turjKintino 12; (2) 

' asphalt 5, resin 3, Venetian turpentine I, 
j turpentine 8, beeswax 1 *5. 

! Other designs may be applied by means ol 
j a ‘ transfer.’ The^attcr is prepared by ongtav- 
j ing' the dcstga on a copper j^latc, coating the 
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latter with a ‘ resist/ and removing the excess 
so that only the cut design remains filled, then 
applyii^ a piece of tissue paper to the design i 
wnereby a wax* impression is transferred to the i 
paper, ^’ho ‘ transfer ’ so produced is applied • 
to the glass sui*face, the remainder of the latter 
not <*overe(l by the transfer being prote<5ted by 
a wax coating before the application of the 
etching agent, frequently used in i)asto form. 
Aft(!r a few minutes the etching agent is washed 
off, leaving a matt snrfac^c de.sign. 

The markings on graduated instruments are 
usually rendered more, clearly visible by rubbing 
into them tinely-])pw(lere<l barium sulphaU’, red 
lead, &c., (H* the introduction of a soft enamel. 

• Silvering for the jnoduetion of mirrors was 
introduced in lH4’d hy Drayton to reidaee the 
tin amalgam method, but made a commercial 
success only througli Lit^big in 18(i7. Tlie fn'shly- 
[jofished sheets of glass must be thoroughly 
cleansed previous to the applif!ati(»n of the 
silvering solution, whn-h is prejiaicd from two 
essential solutions, one of sdver nitrate, usually 
ammoniacal, the other an organic reducing 
agent, most ofbiii sugar. 'Phe rate of dcfiosition 
depends on the temperature. Silverrnann and 
Howo (J. Ind. Eng. (.'hem. 11)17, ft, 10,'12) 
recommend for work at ordinary temperature, 
solutions of silvin- nitrate 0*G3() gram made up 
with water to 1(H) e.c.; cane sugar, .‘I4*2 grams 
dissolved in water, and made uji to 100 c.c. ; 
80 jiTt*. methyl alcohol, and 0-8)).c. formaldehyde 
solution. For the mixture, the volume used 
of the above four solutions are, re.^peetively, 
165, 10, 5, anil 2ft. About 20 p.e. of the total 
silver content can be de])osited in 40 minutes. 

(.\)p|>er deposits are usually made eleciro- 
lytioally on a previous coating of silver, the 
copper solution for electrolysis being of copper 
sulphate in Jtoelielli* salt, maile alkaline with 
caustic soda. Hy Chattaway's ]iroeoss (i*roc. 
Roy. Soe. 1007, A, 80, 88} the deposition may 
be made direct. A clear solution is made by 
parming 1 jiart of freshly-distilled jihenyj- 
hydrazine with 2 parts of ivaier. To it,” half 
its volume is added of a warm saturated solution 
o,t cupric hydroxide in strong ammonia. A hot 
solution of* 10 p.c. iiotassium hydroxide is now 
added until a slight pruianent precipitate h 
tibtoined. This liquid, wh<fii warmed in contact 
with a jierfectly clean glass surface, gives a 
bright deposit of copper. 

Aluminium deposits may be made on copjwr 
deposits by the metallic spraying process. 

Irldwoent glass, wdiich in antique specimens 
is produced by surface decay, is artificially 
obtained by the action of metallic vajHiurH. 
After being made at the furnace and while 
etill rod hot, tbertdore, the artiide is rotated 
rapidly inside an imn box or oven in which 
suitable metalliu salts are volatilised. Various 
mixtures of salts arc employed, such as: (1) 
stanoouB chloride 90 parts, strontium nitrate 5, 
barium chloride 5; (2) stannous chloride 90 
parts, barium chloride 2, bismuth nitrate 5. 
xhe bright iridescent coating may be made 
matt by reheating several times in the mouth 
ot the furnace. The iridescenoe may be greatly 
varied, as in Tiffany- glasi^ by treating coloured 
{passes or those with patterns. Brilliant 
metallic effects may be ob^ned by adding a 
silver or a bkmuth salt to the glass batch and 


reheating the object, before iridislng, in a 
reducing flame whereby a metallic surface 
deposit is produced. 

Glass panting is carried out by the various 
colouring oxides and compounds elsewhere 
described in this article. 'I’hey are mixed with 
a suitable flux in which they may or may not 
dissolve. In the former case, when applied to 
glass, the painting is transjiarent, unless specially 
rcndereil opaque lus by the addition of stannic 
oxide, whilst in the latter it is non-transparent. 
The Ilux for gold jiurjile is obtained by melting 
a inixtura of ijuartz 4 ^larts, red lead 3, %orax 
6 ; for other colours, a flux made from quartz 2, 
red lead 6-!), borax 1, may bo employed. The 
eolouring niatiTials are both linely ground and 
thoroughly mixed, and the mixture may be 
used directly for jiainting, or it may first of all 
be sintered or fritted, and again finely powdered. 
In oitlier (;asc the hue powder is thoroughly 
ground with t urpentine or other oil as medium, 
applied with a biush to the glass, and the latter 
then heated in u imiflle oven to a tem|>eraturc 
suHicient (about 8ftft”('.}for the thorough fusion 
of the flux ami colour to a brilliant surface. 
Slow cooling dow'u is Mien desirable. The 
vitreous ])ainl.s so aiipUeil should, for successful 
burning in. have a eoefiicient of expansion not 
greatly different from that of the glass treated. 

Glks beads and artificial gems, (llass heads 
are made fi’oin jirovioiisly drawn tubing of 
varying ilianu^ter and bore, and of various 
colours. The tubing is next cut into lengths 
suitable for the size ot the bead. If the latter 
IS to be eyluidrical, the beads may be made at 
the lamp by merely softening the cut ends to 
round off the (‘ilges. For spbiM-u^al beails, the 
cut lengtlis ar(‘ kneaded in moist clay, or clay 
and ground charcoal, to jirevent collafKsfe of the 
walls iluniig .subsequent heating. The heating 
IS carried out in a revolving drum, to redness, 
whereby the rounded shape is given and the 
edges melU^d. 

'I'lio thin-walled spherical beads are made 
by blowTiig thin bulbs and either filling them 
•with wax or coating them internally with 
‘ essence of pearl,’ consisting of ground fish 
si^ales in ammonium chloride. 'I’he second 
method produces the jiearl beads. (For method 
of applying the pearl coating, see 0. Parkert, 
SprecWal, IftiO, 52, 23 and Iftl.) 

Artificial gems arc made by adding suitable 
colouring )naterial to a glass with high lead 
content, and therefore of high refractive index 
and briiUance when eut. The colourless paste, 
or strass, may be made from sand 1()0 parts, 
red lead 15ft, potash 30, the materials being of 
high qi^lity. The resulting glass may be ladled 
int<) water and subsequently re-melted to obtain 
homogeneity and then ground for admixture 
with the colouring agent. liubiee may bo 
prepared from 1000 strass, I purple of CassiuB, 
5 stannous oxide, 10 antimony oxide; emereUd$ 
from 1000 strass, 1 green chromium oxide, 8 
cupric oxide; ametht/sts 1000 strass, 8 manganese 
dioxide, 2 cobalt oxide. The strass and coloni- 
ing matter must be thoroughly fused toother 
and made homogeneous. Small porcelain pots 
bolding up to 50 lbs. glass are used. 

Qoi^ glass. Whilst ordinary glasses are 
produced by the fusion of basio oxides witii 
silica, and in soi£e cases boric oxid^ it most be 
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borne in mind that the use of suoh baeic oiddes | Transparent quarts is tratwparent to ultra- 
is primarily to permit fusion to lake place at violet light and on this account finds special use 
the temperatures at present commercially attain' | in the form of plates, lenses, and wedges op 
able. Silica in itself possesses so manv valuable j prisms in optical apparatus, and in mercury 
properties that if it could bo fused rt'adily it would I vapour lamps. The refractive index for the 
displace many types of glass. TJio liigh temj>era- I D line is 1 -45847, and the dispersion constant 
ture of fusion restricts the scale on which melting ! v (57-92 (Gifford and 8henatono, Proo. Roy. goo. 
can be carried out, but already, silica ware has j 1004, 73, 201). W. E. S. T, 

become a recognised article of cfnnmerco, being ““ 

worked into tubing, rod, beakers, fluHks, crucibles, 
and other types of scicntilic aj>]>aratiis, quartz 
threa(|| for galvanonietriii mirror suspensions, 
nitric acid stills, .suljihurie acid conAuisation 
plant, and chimneys for incandesci-ut lamps. 

Two types of fused silica wui-e ar<.‘ on (lie 

market, the transparent-, made from quartz, //'/caw. ((Irantz)along with j)rotopine(ilattandicr, 
and the opaque or tiansluciuit, ju-oduced from ; (luun. 8oc. Abstr. 1892, (52, i. 893). Grystdlises 
sand or crushed quartz. 'J’lie tranupdrott form in rhombic juisins, ni.p. 119'^-120'^, 113*3“ 

ia workeci in the oxy-hv^lroKcn li.imi-, mkI (Ii,. | al<-oliol, w a tuitiary biwi- and contains four 


GLASS OF ANTIMONY 
art. Antimony. 

GLASS, TOUGHENED, Glass. 
GLAUB£R*5 SALT. So^lium sulpliote (v. 
Sodium). 

GLAUBERITE V . (.’aloium. 

GLAUCINE occurs in Olaucium 


size of the article (^upabh; of being made 
restricted to smull crucibles and <lishes, and the 
smaller sizes of flasks, beakers, and similar 
articles. 'I'he non iransjxirciti silica can now be 
worked in ra^se.s up U> 2(K> lbs. and tubes 
4 inches or more in cliameler form a stock article. 
The starting point for tubes is a holhnv (-ore of 
plastic silica produci-d by fu.sing a mass of 
white-sand round a central cfire electrically 
heated, the <‘.ore being removed ulien the 
cylinder has Ixvii formed and drawn into 
tubing in the ordinary way. Jn tlu- plastic con¬ 
dition such a silica cylin'lcr can bo draun into 
lengths of 90 or 10(> feet. 'J’lio rough outer 
sunacc of the tube may be ground down and 
may be glazed, either electrically or by an oxy- 
hydrogen flame. 

For articles other than tubmg, the cylimler 
is closed at one end and blown in a inoulfl 
by com])reBHed air* 

The tempi-rature rcijuired f<ir 1 using and 
working the .saml is J80() ’(’.-2000 "(\ As only a 
plastic and not a completely fused condition is 
reached, the fine air hulililes arc not removed, 
and reflection from them giv(‘s rise to tlie silky, 
lustrous appearance characteiistie of this type 
of fused silica. (Scp F. Bottomley, J. Soc. Chcni. 
Ind. 1917, 36, 577.) 

Quartz glass has an extremely small coeffi¬ 
cient of linear thermal expansion, namely, 
6*2 X10“*, and articles made from it can bo 
heated to redness and quenched in cold water 
without fracture. Hence its value for heat- 
resisting glassware. Unfortunalc ly, fused siHea 
ware cannot be maintained for any considerable 
period at temperatures higher than 10(K)°C. 
owing to its tendency to revert to the crystalline 
form stable at such tcini>craturc, namely, 
tridymite, when the article is liable to%reak 
down. 

Fused silica is practically unacted on by 
water, and all acids except hydrofluoric acid 
«nd phosphoric acid above 400“(^ It is, 
aooormngly, of very great value in precise 
chemical analysis where water, neutral salt 
solutions, and acids are alone concerned. 
Farther, as a consequence of its resistance to 
solnbilily by water, and its non-hygroscopio 
character, fused silica is a very good electrical 
insulator. As an acid material itself, it is 
naturally attacked by the alkalis, and the use 
nf silica crumbles is therefore much restricted 
since metallic oxides cannot be fused in them. 

Vof. .ITT —7». 


•OMo grouns (Fischer, Arch. Fharm. 1901, 239, 
426), It lias boon Hynthosistd by Gadamor 
{ifnt/. loll, 240, (580) anil shown to bo phenan* 
tlircno - N - mothylltdrahydropapavonne, and 
thoroforo is clo.scly ri-Iatod to dicontrine. 
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Dlcentrino. 


(daucino is tasteless and indulges narcosis, 
j accompanied by some tetanising action. 

GLAUCONITE. {Glauconic, Fr.; Glnukonit, 
(Jcr.) Hydrated silieato of iron, jKitaHsium. Ac., 
of variable eompoHition, but ajmroximating to 
the formula KFe^'iSi^Oj-HjO, lound as small 
rounded grains in HeJiiiientary rocks. It was 
named in 1828, from y\avK6i, bluish-groon, on 
account of its characteristic colour, which is of 
vaiioue shades of dark green. The typical- 
occurrence of the mineral is the Greensand 
formation (below the Chalk) of the Cretaceous 
system, but it is also met with in sands, sand^ 
stones, marls, ‘and limestones of all ages from 
tho Cambrian, and is forming at the present 
day on tho floor of the ocean. The granules 
measure about | to 1 mm. in.diameter. Under 
the microscope they show a clear green or 
yellowish-green, slightly pleochroic and bire- 
fringent material embedded in a network of 
black, optically isotropic, organic matter, the 
latter having the composition of humic acid. 
Since the glauconite material has the property 
of taking up dyes and of absorbing water, up 
to 30 p.c., from a moist atmosphere, it is probably 
colloidal, the optical birefringence being the 
result of strain set up by the network of organic 
matter. The mineral is decomposed by hot 
eoncentrrffced hydrochloric acid, and beforo 
the blowpipe it is fusiblo with difficulty to a 
black magnetic slag. 

Analysis I is of grains isolated from a 
calcareous sandstone in the Upper Greensand 
at Woodbum, Carrickfeigus, Co. Antrim (A. P, 
Hoskins, Geol. Mag. 1895). II from the Cam¬ 
bridge Greensand (G. D. Liveing, Geol. Mag. 
1866). HI gives the extreme values shownw 
tei^ analyses of glauconite grains isolated from 
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Eocene, Oretacnous, and Jurassio Handatones 
and from Lower Silurian limestone from various 
Russian localities; sp.gr. 2*40-2'87, varying 
like the colour—yellowish-green and dark green 
—with the percei^tago of iron (K. IX Glinka. 
1800). IV, giains forming ^3 p.c. of a sandy 
dep()8it drudgcfl at a deptli of 650 fathoms from 
the Pacific od J‘anama(W. A. (-aspari.Proc. Roy. 
Soc. Edm. 1010, xxx, 304). V, similar material 
dredged at 110 fathoms from the Agulhas Bank. 
SoOth Afri(5a (W. A. Caspari, lor., cit.). Numerous 
analyses of glauconiUi are quoted by 0. K. l^eiili. 
Mon. U.S. (leol. Survey, 11H)3, xliii. 240. Analyses 
of Swedish glauconites, by N. Sohlbom, Hull, 
Geol. Inst. Univ. l)j)Bala, 1010, xv, 211. 



I. 

• II. 

in. 

Mill. Max. 

IV. 

V. 

SiOj . 

. 40-00 

5I'0i) 4I'))2 r>2 !)(i 

49 12 

51*15 

AM),, 

. l.'HOO 

9*00 

5*84 22*19 

7*09 

7*01 
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10*81 

— 

8*17 23*43 

25 95 

18*83 

FoO 

. 10*17 

19*54 

1*32 5 95 

0*89 

2-79 

(!aO 

. 1*97 

0*30 

— 8-37 

— 

— 

MgO , 

. 1*97 

3*37 

0*0!) 4 11 

3 10 

4*54 

K,() . 

. 8-21 

2*47 

5*74 9*54 

7*02 

7*80 

Na.O 

. 2*10 

3*50 

0*30 0*98 

— 

— 

H.O . 

, 0 19 

10 80 

4*45 7*88 

7*12 

7*50 


100*48 

100*13 

_ _ 

100*29 

100 27 


(’losely allied t.o glauconite are tlu^ mirn'ralw 
cola<lonite (c. green-earth) and greenalitc (f/.c.). 

The (JiHicnsand of England, consisting mainly 
of sandy bods with (juartz grains, iiiteiinixed 
with glauconit(‘, is ^h^vrlojjod in the Wealdim 
area, tlic Isle of Wight, and exbuuls from 
Berkshire and Oxfordshire to Norfolk and 
Linoolnshire. Some of tlie linionitic iron-ori‘s 
of these disiricla may possibly, like tliosc of 
the Lake .Superior region, liave been derived 
by the alteration of glaueonifo. The same 
formation has also a wide distribution- on the 
Continent. In America, greensand and glau¬ 
conitic marls of Cretaceous and Tertiary age 
are developed in Now Jersey, Virginia, Kentucky, 
and Tennessee. The glauconite marls of Now 
Jersey contain KjO l'f>4-7'()8 p.<5. with P.^Cs 
0’l9-tb87, and have bo<!n exteasively used in 
the raw state as an agricultural dressing (e. 
Ann. Rep. St-ato Geologist New Jersey, 1880, 
1892, 1893). Those from Virginia have been 
used in the propamtion of commercial fertilisers. 
Attempts have been made to extract .potash 
from greensands (U.S. Geol. Survey, Min. Res 
for 1911, 1912, ii 901). 

The frequent association of phasphatic 
nodules with glancopito doposite has some 
bearing on the origin of glauconite. The 
terrigenous deposits of green mud and sand 
formed on the floor of the ocean at depths of 
about 200 to 1000 fathoms, and found by the 
* Challenger ’ Expedition to be of wide distribu¬ 
tion, particularly off continental epast lines 
composed of igneous rocks,^'contain this mineral 
in considerable amount. The potash set free 
by the weathering of the felspars and micas of 
these rocks and carried into the sea is conserved 
by the formation of glauconite, but apparently 
only through organic agencies, which at the 
same time gave origin to the phosphatic nodules. 
Grains of (^auoonite are. frequentlv found filling 
the chambers of foraminlfCTa ana other organ¬ 
isms ; and in the artificial production of the 


miueral the presence of an organic acid seems to 
be essential (W. A. Gaspari, Im. cU.). 

L. J. 8. 

GLAZES V. Fmtts and glazes; also Pottery. 

GLIADIN V . Gluten. 

GLOBULINS V . Proteins. 

GLONOIN. Syii. for nitroglycerin. 

GLUCINUM(ffcryf/mm); Gl.; 9*1 Parsons, 
9*017 Hbnigsehmid, occurs in beryl, ewlaae, 
■phc.micite, chrysoberyl, leucophane, helvite, davalite, 
and other minerals. The element was detected 
by Vauqiiftlin in 1798, but the metal first 
isolatedf by Wohler in 1828 by fasmg the 
chloride with potassium. Glucinum can be 
prcjiarcd by the electrolysis of a fused mixture 
of tli<i chloride with sodium or ammonium 
chloride {Horschers, Chem. Zentr. 1896, ii. 13), 
or of the fused double fluorides, OlFj, NaF; 
or GIF.,, 2NaF (U^boau, Compt. rend. 1898, 
120,744). 

(llucimim may bo prepared by electrol 5 r 8 ing 
the mmco'als containing it between metallic 
eh'ctrode.s in the presence of tiuorino or one of 
its compounds, either alone or with the addition 
of a halogen compound of an alkali or alkaline 
eartli (Liebmann, J. .Soc. Ghem. Ind. 1899, 282 ; 
Eiig. Hat. 3497). 

Warren (Ghem. Nows, 1895,72,310) describes 
the following process :— 

Pulveri.scd and lixiviated beryl is fused for 
3 hours in a blast furnace with four times its 
weight of sodium carbonato, after which the 
solidilicd mass is decomposed by superheated 
steam, and thim by hydrochloric acid, evapo¬ 
rated to dryness and extracted with water. The 
solution IS now fnvid from iron and chromium 
by till' acetate method, and cxce-ss of sodium 
carbonal(i added; the precipitate is treated 
with e.xcess of sulphurous acid, whereby the 
alumina and glucina pass into solution. On 
boiling, tho alumina is precipitated, excess of 
ammonium carbonate is now added to the 
filtered solution, which is well boiled. The 
precipitate of glucinum carbonate thus obtained 
IS ignited witli lampblack out of contact with 
a'r. tlien submitted to tho action of bromine 
at a red heat in clay retorts, when glucinum 
bromide distils over and is reduced eleotrolyti- 
cally. It IS also prepared by the reduction of 
i the oxide with aluminium (Just and Mayer, 
J. Soc. Ghem. Ind. 1909,528 ; D. R. P. 208402). 

Or tho finely powdered mineral is heated 
at 850^^ for half an hour with twice its weight of 
sodium silicofluorido. Tho product, which con¬ 
sists of silica and tho double fiuorides of sodium 
and aluminium and sodium and glucinum, is 
extrat^ted three times with boiling water. The 
extract is filtered and to *tho filtrate boiling 
aqueous sodium hydroxide is added in slight 
excess. The oxide of glucinum precipitated, 
along with a little alumina and silica, is dissolved 
in sulphuric acid, and glucinum sulphate crystal¬ 
lises out on concentrating the solution (Gopaux, 
Compt. rend. 1919, 108, 010). 

Glucinum is a hard metal, with a bright silver- 
white colour, melting at 1278°±6®; sp.gr. 1*98; 
sp.ht. 0*4246. Glucinum has the largest heat 
of fusion of any metal, corresponding with its 
high melting-point and low atomic weight. The 
; powdered metal takes fire when heatM ha air, 

I burning with ogreat brilliancy, and dissdvas 
I readily in dilute acids, also in oausrio idlealiii, 
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evoItttioB of hycSogen; but it dooB not with magnosium at rod boat in a curruit ol 
decothDOse water e-ron at a red heat. It is hvdr(^n» glucinum h^ridtt having an un> 
generally regarded as divalent (Combes, Compt. pleasant smell and slowly decompoeed by warm 
rend. 1894, 119, 1221; Henry, i6u2. 1895, 121, water is formed, 

600; Retire, ZeiteoL pbysi^. Ohom. 1896, Ohicinum hydroxide GHpH)^ is formed by 
20, 481; Galecki, Zeitsch. Elektroohem. 1908, precipitating gluomum salts with ammonia, and 
14, 767). Tanator (J. Buss. Phys. Ghom. Soe. ! can be separated from aluminium and iron 
1904, 36, 82; 1906, 38, 850), from various by digestion with glacial ac^itio acid, wl:Mn 
organic derivatives, regards the metal as tetra* it is converted into a basic glucinum acetate, 
vident. ; whush is roadily soluble in emoroform (Haber 

Glucinum yields useful alloys with various i and Oordt, Zeitsoh. anorg. ('horn. 11K>4, 40, 466; 
metab by heating the oxides with carbon in the D. R. P. 155460 ; Oordt, J. Soc. Chem. Ind. 
electnc furnace, or by tlio oloctrolfsis of a 1904, 799). 

mixture of the fused metal with tho double Glucinum hydroxide, when freshly precipi* 
flnoride of glucinum and sodium in a carbon laU^d, is gelatinous, readily absorlis carbon di- 
crucible as anode. The 5 p.c, alloy with copper oxide, and is soluble in dilute acids, alkalb, 
is malleable readily filed and polished, and and alkali carlxmatos. On iKung heated with 
unaffected by air; an alloy containing leas water, alkali carbonates, or ammonia, or 
glucinum is sonorous (I^eWau, Compt. rend, when allowed to stand for some time at tho 
1897,126.1172; 126.744; Liebmann, 1>. R. P. ordinary temperature, it loses tho above-de- 
94607,1896; Chem. Zentr. 1898, i. 484). | scribed properties (Haber and Oordt, Zeitsch. 

Glucinum alloys readily with aluminium . anorg. Chern. 1904, 38, 377; J). 11. P. 165488; 
(U.8. P. 1254987, 1918), and it is claimed that j cf. Bleyer and Kaufmann, Zeitsch. anorg. Chem. 
the alloys are harder, strongc-r, and lighter j 1913, 82, 71). Unlike aluminium hydroxide, 
than aluminium, melt at a liigher tempera- i glucinum hydroxide is quite insoluble in am- 
ture, take a high polish, and make excellent • inonia, or in methyl- or othylamine (Ronz, 
castings. ; Ber. 1903, 36, 2751). It combines with 

Compounds. Ohicinum oxuIp or qlucina GIO hydrogen peroxide to form tho compound 
is obtained from lieiyl by heating tho coarsely 3 G 10 , 4 H 202 , 8 H 20 , containing hydrogen per- 

K owdered mineral with 6 parts of ammonium oxWe of crystallisation. A basic 'peroxide 
ydrogen fluoride for 10-12 hours at a tempera- 2 GI() 2 , 3 GK), 8 |H 20 is formed by treating basio 
ture not exceeding a <!ull red heat The mass glucinum carbonate GIC<> 3 , 6 G 10 , 8 Hk 0 with 
is then treated with wat-er. and t-he insoluble hydrogen ]>oroxido which is moderately stable 
aluminium fluoride removed by iiltration. and exhibits all tho usual properties of peroxides 
The filtrate is evaporated to dryness, and (Komarovski, J. Russ. Phys. Chpm. Soc. 1913, 
heated with strong sulphuric acid, thus rtnnoving 45, 608). 

fluorine and silica. Tlie solution obtained on c/dortV/c GK^g is formed by passing 

adding water is treated witfi nitric acid to a current of dry chlorine over a mixture of tho 
oxidise iron, and the filtered liquid is poured oxide and sugar charcoal, hcati^d to bright 
into an excess of ammonium carbonate solution, redness in a porcelain tulie (Pollok, Chem. 
Hot water is now added, after which the solution Soc, 'IVans. 1904, (K)4). Heat of formation 
is filtered, mercuric chloride added, and the 112*C±04 p.c. (Mielonz and v. Wartenberg: 
remaining iron is precipitated with ammonium Zeitsch. anoi^. (‘hem. 1921,116, 267). It forms 
sulphide. The filtered solution is boiled, white nocdle- 8 hap<!d crystals, molting at 400^^ 
whereupon basic glucinum carbonate is pre- and boiling at about 5()b“. It forms a hydrated 
oipitated, which, on ignition, yields pure glucina chloride GlCl 5 ,. 4 H 20 , and also double salts wil^ 
((Jibson, Chem. Soc. Trans. 1803, 909; I.ebeau, platinum, tin, and mercuric chloride, and witn 
Compt. rend. 1895,121,641 ; Pollok, (’hem. Soc. iodine trichloride (Weinland and Sohlogelmilohf 
Trans. 1904, 603). Various other methods of Zeitsch. anorg. Chem. 1902, 30, 134). 
preparing glucina from minerals have been Ohicinum iodide Gllj is obtained by heating 
desoribea by Kriiss and Moraht (Ber. 1890, 23, the carbide in a stream of hydriodic acid, canying 
727), and by Bran and Oordt (J. Soc. Chem. Ind. iodine vapour; it melts at 610®, combines with 
1906, 1147; Eng. Pat. 15973, 1906). ' ammonia to form 2GlIa.3NHg; and yields 

It is a white amorphous powder of sp.gr. crystalline compounds with aniline, pyridine, 
8*016, which fuses at 2460®±50^ volatile near its and other organic bases. With Wmine it 
melting-point, and forming, after cooling, a yields the corresponding bromide (Lebeau, 
crystalline moss, which is harder than ruby Compt. rend. 1898, 126, 1272). It forms a 
In the electric furnace it is reduced by, and double salt with lead iodide (Mosnier, Ann. Chim. 
fmtns orystalline compounds with, boron, Phys. 1897, 12, [vii.] 374). 
silicon, and carbon (Lebeau, Compt. ren'd. 1896, Glucinum jluoride. is obtained by the acrion 
123, 818). Heat of formation 135-9io-9 p.c. of hydrofluoric acid on the oxide. It is soluble 
(lifielenz and v. Warten^i^). in watej and alcohol, molts at 800®, and is 

The oxi^ acts as a feeble acid towards converted by oj^gen into the oxyfluoride 
strong bases, forming the salts Gl(OK) 2 , whilst 501P2,2G10 (Lebeau, l.c. ; and 1418). 
wiHiiieeble acids it acts as a base, yiel^ng such Glucinum carbonates. Basic carbonates are 
sidts as (G1808),*G10 (Kriiss and Moraht, l.c. ; formed when a glucinum salt is treated with an 
Beubert and Elten, Zeitsch. anorg. Chem. 4,44). alkali carbonate. If carbon dioxide be passed 
It is insoluble in water, but dissolve in strong through the aqueous solution or susp^ion of 
sulphorio add, yieldmg the su^hate, and also the basic carbonate, and the solution then 
ift fwed potassium fluoride (JDuboin, Compt. evaporated in an atmos^ero of carbon dioxide, 
xc^ 1696, 123, 698). Accoi^ng to Wini^r the normal salt 01COj,4HtO separates. 
fS^. 1891, 24, 1966), vhen the oxide is heated < The gludnum borate 5Q10,B,Og, desoiiM 
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by Kru 9 fl and Moraht, is probably a solid solu¬ 
tion of boric acid in duoinum hydroxide. 
Aocordinu to Bleycr and Faezuski, no definite 
compound aro formed by tlio interaction of 
fflucinum hydroxide with aqueous solutions of 
boric acid. 

Qlucinunt, Aulphidc is a white amorphous 
mass, not decomposed by water, but readily by 
acids, even carbonic acid. It burns with a 
bright flame in contact witli strong nitric acid 
and is doc^omposod by chlorine or bromine witli 
formation of the respective lialoid compounds. 
It is prepared by licating glucinum chloride in 
•a current of hydrogen sulphide (Miebeilner and 
Steinmetz, Zeitsch. anorg. (Jhern. Ifll3, 82,1)2). 

Olucinum Hulphaten. The following sulphates 
have been obtained: G 1 S 04 ,(»H.»(); (*lS(.) 4 , 4 H..O; 
G1S04.2 Hj 0; (1)S04 .Hj.(); (flS()4 (Fai-sons; .1. 
Amer, Chem, Soc. 11)U4, 2(1,1433 ; Lon Malvano, 
Zeitsch. anorg. Chem. lOOb, 48, 44b). Tlie 
anhydrous salt obtained at 2 r) 0 '’ is stable up to 
530‘^-540‘\ and thus allows of tii(‘ estirnation of 
glucinum in tlu^ form oi its sulphate Gluciinini 
sulphate does not form acid sails even when 
dissolved in suljihuric acid. Also the thiu- 
milplxite (JlS.Oa,! J (Faktor, (Ihom. Zentr. 
1001, ii. 878); and MulphiicH (Seubert and Fltcn. 
Zeitsch. anorg. (!hem. 4, 44). 

Qiucinmn chroi/wte (* 1 (V 04 ,H „0 has boon 
obtained by evaporating a solution of ^-hc 
carbonate in con<‘(‘ntrated chroinio acid. It 
forma reddish-yellow crystals, wliicli arc do- 
composed by water, forming the basid salt 
G 10 rt) 4 ,b(»l{ 01 I)a, which (^an also be f)btaincd 
by precipitating glucinum sulphate witli am¬ 
monium chromate (Glassniann, Her. 11)07, 40, 
2402). 

Olucinum carhidv GK!;, Is obtained by heat.ing 
the oxide with carbon in the electric furna<‘e 
{Henry, Gompt. rend. 181)5, 121. bOO; L<!boaii, 
ibid. *400). It foi;mR micnwcopie yellowish- 
brown crystals, whicli scratch quartz, and are 
decomposed by water with formation of pure 
methane. Also decomposed by hot concen¬ 
trated alkalis, and by halogen acids, yielding tlie 
corresponding halides ^ 

Olucinum nitride (daNa is obtained by 
heating the metal in nitrogen, or, better, in 
ammonia or cyanogen. Molts at 2200*^, and 
solidifies to colourless crystals which seraU^h 
glass, stable in air, and only slow’ly decomposed 
by boiling water. Chemical properties similar 
to those of aluminium nitride, but is decomposed 
more readily by dilute acids and hot concen¬ 
trated alkali hydroxides. 

Olucinum horoairbide (' 4 B 4 GI 4 , obtained 
when glucina is heated with boron in a carbon 
boat in the electric furnace, forms brilliant 
crystals with a metallic lustre; sp.gr. 2*4, 
readily soluble in acids, and not decomposed by 
water (Lebeau, Compt. rend. 1898. 12G, 1347). 

Olucinum phosphaica (Rainmelsberg, Chem. 
Zentr. 1891* ii. 790; SestiiC, Gazz. cnini. ital. 
20,313; Ouvrard, Compt. rend. 1890,110,1333); 
arsmaita (Bleyer and Muller, Zeitsch. anorg. 
Chem. 1912, 75 , 286); phosphates, phosphite, 
and hypophosphite (ihid. 1912, 79, 203); tung- 
stales and silicodungstates (Tanatar and Kurow- 
ski, J. Buss. Phys. Chem. Soc. 1909, 41, 813; 
Wyrouboff, Bull. Soc. Franc. Min. 1896, 19, 
240), molybdates (Rosenheim and Wose, Zeitsch. 
anoig. Chem. 1897, 16, 283, 306, 307), and 


columhates (Larsson, ibiS. 1896, 12, 188), mete* 
mnadaic (Brinton, J. Amer. Chem. Soc. 1916, 

38, 2361) have been obtained. Organic acids 
react witli glucinum carbonate, forming salts of 
the typo GI 4 OX 4 , Gl 40 X,X' 4 , and Gl 40 X*X% 
(X, X' being organic radicles) (Tanatar and 
Kurowski, J. Hass. Phys, Chem. Soc. 1907, 

39. 936; Lacomhe, Compt. rend. 1902, 134, 
772; Glassmann, Bor. 1908, 41, 33; Parsons 
and Sargent, J. Amer. ('hem. Soc. 1909, 31, 
1203). 

Olucinum bank acclalc G 1 () 4 (CH 3 € 02)5 is 
n^adily s<hible in chloroform and may be dis* 
tilled unchanged (b.p. 330"’). By this means 
I irlucinum may bo separated quantitatively 
I from iron and alummiurn. 

I Other organic compouiulH of glucinum are 
(kweribed by Wyrouboff (l.c.); Kurowski (J. 
j Russ. l>h,v«. Rhein. Roe. 1<K)7, 30, 1030: 1908, 

I 40, 580. 787); Curtms and Kissom {,}. pr. Chem. 

I 1808, |ii.| 08, 2(il): (!ln.ssmMin (Bit, 1!I()7. 40, 
30.'i0 ; (!Uom. Zcit. 1007, 31, 8). 
i GLUCONASTURTIIN, GLUCOTROPAEOLIN 

j V. (iLIfCOSIDKS. 

I GLUCOSAMINE V. ('arB(hiyi)katus. 

GLUCOSE r. (UlUlOHYIiKATKS. 

GLUCOSIDES. The glueosides are a large 
and important group ot substances occurring 
almost exclusively in the vegetable kingdom, 
which, by the operation of liydrolysis, involving 
the addition of tlie elements of water, arc resolved 
into sugar and another compound not belonging 
to the class of carboliydrati*s. The sugar thus 
formed is usually glucose or rhamiiose ; certain 
glue.osides yield other carbohydrates, some of 
which liave not yet been identifuKl. 
j The liydrolysis may often, but not always, bo 
I rapidly I'ffected by lieatmg with dilute acids. 
Tt may also be broiiglit about- by the action of 
appropriate enzymc.s. such as omulsin, myro- 
sm. &c. 

Glueosiiles are, in many ctuies, far more 
rcsistani to liydrolysis by acids than is gcmcrally 
sujiposed, and almost invariably their behaviour 
towards acids is in marked contrast to the ease 
with which they are hydrolysed by the appro¬ 
priate enzyme. There is some evidence that 
the nature of the acid is not without influence, 
some glucosides being more easily hydrolysed 
by hydrochloric than by sulphuric acid. 

As a rule, a plant containing a glucoside also 
: contains a corresponding enzyme capable of 
; hydrolysing it. the enzyme being present also 
I in allied species which do not contain the 
i glucoside. On tlie other hand, the elder {Sam- 
bucus nigra, Linn.) alTords an example of a plant 
containing a glucoside, accompanied ^ very 
' little of the corre^iponding enzyme. ]^nzyme 
' and glucoside do not exist in the same cell, but 
I they are brought together should the cellular 
structure be damaged or rendered permeable. 

In the greater number of cases only one 
variety of sugar is formed on Iwdrolysing a 
; glucoside, although, in some instances, two 
i different carbohydrates are produced, or poreibly 
; two or more glucose molecules; in such cases 
the simple sugar molecules are probably united 
as di- or tri-saccharides. Using appropriate 
enzymes or acids of different degrees of con¬ 
centration, it is possible to remove the sugar 
groups one at a ^me, and so form new glucosides. 
Thus, from amygdalin, by the action df the 
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enzyme amygdalAse« which is present in some 
varieties of yeast, the glucoside of mandelo- 
nitrile is formed tc^ethor with glucose. 

The majority of the glucosidiw are colourless, 
crystalline neutral compounds, one or two are 
basic, and a few are acidic. They aix* usually 
soluble in water ami alcohol, and but very 
sparingly soluble in ether. 'I’liey erystalliao 
with one or more ntolceules of Water, which is 
lost on heating. They are charred when heated 
to a moderately high temperature, occasionally 
a sublimate of the non-sugar compoi^ent being 
obtained. They are not act(‘d upon by Fehling’s 
solution, so far as the sugar part of the 
molecule is concf^rncd. Many of them are 
optically active, and, as a rule, rotate rays of 
polarised light to tlie left, althougli derived 
from a dextro-rotatorv carboliydrate. Pictet 
and Goudet (flclv. Ghim. Acta, lOJU, 2, ()9H) 
consider tliat this property may he duo to the 
glucosides containing a glucosan rath t than a 
glucose ring structure, sinc'c tluy have obtained 
I glucosan by distillation under reduced pressure 
of a number of glucosides. They have often a 
bitt.(»r taste, ami a thiTajieiit ic aidion, being the 
active principle ol inanv plant extracts used in ' 
pharmacy. Tlie general behaviour of the glu* | 
cosides and their close relationship to the 
synthetic methyl glucosides (c. Gakboh vnHA'i'Es) 
establishes their structure beyond doubt as : 

ko(;h(gii<>H).(’ii-gji(()I1)-(ti„(oji). 

o 

In many instances the radicle H is a ))oly- 
liydroxy- compound, and it is noi- in all cases 
certain to which of the hydroxyl groujis the 
sugar residue is attached. 

It is further of interest that no natural 
glucoside has been found in two stereoisonienc 
forms corresponding to the a- and jS-mothyl 
glucosides. Judging from their behaviour to¬ 
wards .the emulsin of almonds, many of the 
natural compounds are considered to be derived 
from $-gluco3('. 'rins view has been confirmed 
in some instances by the fact tliat glucose is 
first separated as the form of low rotatory 
power on hydrolysing the glmroside, and after¬ 
wards undergoes isomeric change to the equili¬ 
brated mixture of a- and jS-glucosc. In fact. 


I no glucoeidic derivative of a-glucoee has yet been 
I described os occurring naturiUly. 

I In addition to a few of the natural glucoside* 
of plants, other glucosides liave been prepared 
in riie laboratory. The isomeric a-and ^-methyl 
glucosidiis are discussed under Carborydbatss ; 
glucosid(« of primary alcohols, e.g. ethyl, 
glyceryl, and benzyl glucosides, are obtained by 
the same iiu'thod by the interaction of glucose 
! and alcohol in presence of hydrogen chloride. 

An alternative method first used by Colley 
involvo.'i the inU^rat'tion of tctraacotylchl<ni>> 
glucose ('.H, 0 (' 1 ( 0 Ac) 4 , and the sodium deriva- 
; tivo of alcohols or phenols. Sodium chloride 
and the tetraacctato of the desired glucoside are 
formed, and the latter is subsequently hydrolysed 
to eliminate the aectvl groujjs. In this way the 
natural compounds, heliein, mothylarbutin, and 
, a number of new glucosides, including those of 
the teriicnes and of some thiophenols, have been 
prepared. 

Acctylbromoglucose. 'Fho employment of 
i crystalline aeetylbromoglucose in synthetic work 
has been extensively a<iopted, and Emil Fischer 
in particular has prepared a number of new types 
of gluo(Ksjde by this moans. The method mia 
been modilied according to the nature of the 
non-sugar eomnoimd employed, and the variants 
on the general method may be summarised as 
follows :— 

(rt) Treatment of silver salts of purines, 
thiourcthanew, &c., with acetobromoelucose ; 

! (h) Treatment of alcohols or phenols with 

the ix'agent and silver oxido in ether; 

* (c) Shaking an alkaline solution of a phenol 
with an eth(“r(>al solution of acetobromoglucose » 

(d) Treatment of jihcnolic compounds and 
the reagent in presence of a small quantity of 
quinoline. 

The main types of synthetic glucosides 
obtained by these reactions can be citified in 
a few groujrs :— 

Mandfionitrile glucosides (E. Fischer and 
j Bergmann, Bcr. 1917, 50,1047). An interesting 
I sequence of reactions has led to the syntbeste 
j of several of the naturally-occurring mandelo* 
I nitrile glucrwides ; the work may be represented 
i schematically as follows :— 


Ethyl r-mandclate and acetobromoglucose (with silver oxido) 

4' 

Ethyl totra-acetylglucosido-r-mandclate 
(ammonia in methyl alcohol) 

if 

Tclra-acotylglucosido-r-mandclamides 
^ (fractional crystallisation) ^ 
the d-Amido the Amide 

PO(;i3 POCIj 

4^ * ^ 

the d-Nitrilo thcl-Nitrilo 

(Sambunigrin tetracetate, m.p. 125°, [ajp—52’6°) (m.p. 139““140°, [alp—24°) 

(hydrolysis of cither, with simultaneous racemisation) 

\ ^ 
r-Mandelonitrik glucoside 
(identical with natural Prulaurasin) 

(fractional crystallisation) ^ 
d-Samb^nigrin, The f-mandelonitrile 

(not yet found in nature). 
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Ilie glucoaide Unamarm, wliicb occurs in 
nature, bas also been synthetically prepared by 
E. Fischer by a similar series of reactions. 

Purine <fliico.side/t (K. P'lscher, Ber. 1914, 47, 
210, 10r)8, i.‘i77, 311K1). By union of the silver 
derivatives of purines with acetobromoglucoee. 
followed l)y removal of the acetyl groups by 
nioaiiH of ammonia, glucosides, galactosides, 
and rhaninosides of adenine, guanine, hypoxan* 
thine, theoj)hylline. theobromine, &c,, have 
been prepared; tlieophyllino glucoside was 
furtlier eomlenwid with pliosphoryl chloride in j 
pyridine solution, yielding thereby hydrated j 
• tkrophylluicglneofiuioyhoiiphoric acid (a synthetic 
nucleotide). 'Die method of preparat ion has j 
been patented by Bayer & Co. (D. R. 1\ 2S1008). ! 

Otucosidcs oj complex alcohols. Glucosides I 
of gnraniol, eyclohexarK)!, &c., have been pro- j 
par(?d by treating the et hereal solution of tlio I 
alcohol and aeetobromoglucose with silver oxide j 
(E. Fischer and Helfeneb. Annalen, 1911,1 
383. (Ut). I 

Sitosterol an<l cholesterol glucoside-s, closely ! 
resembling the phytoslerolines, were synthesised 
by Salway (Chem. Soo. Trans. 1913, 103, 1022). 

PheJK^ qlucosidrs. Rhlorogliicinol-, resor¬ 
cinol-, and 2.4.0-tribromophenol-d'gluco8idos 
were obtained by E. Fischer and Strauss (Ber. 
1912, 4r), 2407) by sliaking the alkaline phenolic 
solution with an etheri'al solution of acctohroino- 
glucost! and subseipicnt removal of acetyl 
groups. Tlie former compound is idenl.ical 
with tlip glucoside obtained from phloridzin by 
(Vemer and SeulTcrt (Ber. 1912, 4r), 2505), and 
is capable of producing diabeti'S, 

A mixture of a- and jS glucosides Was pre- 
part‘d by wanning phenols {e.y. resorcinol) or 
menthol with aeetobromoglucose* in prc8cnc(i of i 
quinoline (E. Fisi-her and von Mechel, Ber. 
19J0, 49. 2813; E. Fischer and Bergniann, 
Ber. 1917,50,711). 

Arbutin lias been prepaid comjilet-ely free 
from metliyl arbutin by synthesis from acolo- 
bromoglucose and quinol in presence of alkali 
(Mannich, Arcli. Pharm. 1912, 250, 547). 

Ghico-p-oxybenzophcnone, m.p. 178"-179®, 
all)—50®, ami gIuco- 7 )-aoetophenonc have been 
similarly synthesised. The latter, synthesised 
by Mauthner m 1912, is identical with Tanret’s 
p/c€iVi, isolated from pine needles (Mauthner, 
J. pr. Oheiui 1913, |ii.J 88, 704). 

Olucosidt's of phenoJearboxylie acids have 
boon similarly jirepared bv employing the 
glucose reagent with an allcaline solution of 
the methyl ester of the acid, followed by sub¬ 
sequent hydrolysis ; gluco-m-oxybonzoic acid, 
OijHjjOg, melts at I43M44®, and has [dip—68“ 
(Mauthner. J. pr. Chem. 1911, fii. | 83, 556). 

Interaction of aeetobromoglucose and silver 
salicylate (P. Karrer, Ber. 1917, 50, 833) in 
boiling toluene solution yields two isomeric 
substances, telra-acdylglucoae nalicylatc * 

c,}i,{OByooO‘0,n,o,Ac, 

crystals, m.p. 186®, and saiicylie aci<l telra- 
ncetyl(flucoside OOOH’CeH 4 ’O CgH 705 Ac 4 , lievo- 
rotatory, m.p, 167®. 

The formergivee a violet coloration with ferric i 
cUoride, and with methyl-alcoholic ammonia ! 
fields sidieylamido ; the fatter gives no culora-1 
tion, and is soluble without fission in very dilute j 
aqueous ammonia. I 


The foriimtion of those two isomerides is 
attributed to the coexistence of two modifica¬ 
tions of silver salicylate:— 

/COOAg /COOH 

C,h/ and C^h/ 

\0ir \OAg 

It has been shown in addition (Karrer, Nageli 
and Wcidmann, Hclv. Chira. Acta, 1919,2, 242j 
1921, 4, 130) that the silver salts of many d- 
hydroxy- and r/-amiiio- acids give a mixture of 
glucoside and glucose esters of the acids, whereas 
m^'orp-lfj'droxyacids yield only glucose esters. 

Mustard oil glucosides. Schneider and colla¬ 
borators (Ber. 1914, 47, 1258, 2218, 2226) have 
syntliosised glucosides of llie general formula 
ll.NtG(()Et).S.C 4 Hn 05 from acetyl bromoglu¬ 
cose and silver salts of thiourethanes, the silver 
salt of tliioglucose being obtained as a by-pro¬ 
duet. • 

Anhydromethylglucoslde (E. Fisolicr and 
Each, Her. 1912, 45, 456, 2068). When tri- 
acetylmethylglucosidi; bromohydrin is warmed 
with baryta solution, anhydromcthylglucoside 
is produced, unci distils without decomposition 
at very low pressures. The anhydrosorbitol 
obtained from it by reduction is isomeric with 
styracitul (found in Ptyrax cdjassta) (Asahina), 
and suggests that anhydrides of dextrose and 
of glucosides may occur in nature. 

A nuinHtier of gluco.side-like derivatives of 
glucosamine, synthesised from triacetylbromo- 
glucosamine. have been described, cliietly by 
J, C. Irvine and co-workers. 

Aminoniethylglucosides. An aminomethyl- 
glucosidc was produced by methylation of 
triacetylbromogliicosamine (Irvine, McNicoll 
and Jlynd, Chem. Soc. 'Trans. 1911,‘99, 250; 
1912, 101, 1128). 

A second, different, aminomethylglucoside 
was formed by the action of ammonia upon 
methylglucoaide (E. Fischer and Zacb, Bor. 
1911,44,132). 

a.‘Arninohdicin and a-aniinosalicin. These 
were obtained synthetically from triabetyl- 
bromoglucosaminc hydrobromido and salicyl 
aldehyde and saligenin respectively (Irvine and 
Hynd, Chem. Soc. Trans. 1913, 103, 41). 

I Morphine glacosamtnc. In the preparation 
j of aminoholicin and aminosalicin morphine was 
I employed as the alkaline or basic condensing 
agent, and as by-product there appeared 
morjihincglucosaminc (Irvine and Hynd, Chem. 
Soc. Trans. 1913,103, 41). 

Enzyme syntheses. The synthesis of gluoo- 
sidos from their components by means of 
enzyme action has been developed by several 
workers, espccfally Bourquelot and his colla¬ 
borators, wnoso results are described in the 
following papers:— 

Ann. Obim.Phys. 1913, [viii.]28,145; Compt. 
rend. 1912, 155, 1552; 1913, 157, 72, 732; 
156, 957 ; 1915, ICO, 742 ; 161,184. 

it has been found that the same enzyme 
which hydrolyses a glucoside in pr^ence of 
excess of water will synthesise it in presence of 
t exce.ss of the hydroxy-component of the gluco¬ 
side ; moreover, if conditions are employed 
in which the reagents are present in equl- 
molecular or other definite quantities a state of 
equilibrium is reeithed which can be approached 
from either set of components—glucoside and 
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water, or sugar and aon-sugar oomponont of the 
gluooeide. 

An interesting suggested application of this 
method as a qualitative polarimetric test for 
glncosides in plants has been made as follows :— 
the suspected material is hydrolysed by an 
enzyme, the change in rotatum Is (jbservcd, 
the solution heated to lOO'^'O., and cooled, more 
enzyme is added, and if displaot'ment of the 
rotatory power towards the original value occurs, 
it may be taken as on indication of the jirosence 
of aglucoside in the original inaUTial. 

It may be mentioned hero that •Bertrand 
and Compton (Cornpt, rend. H>12. 154, 1C40) 
^art that hydrolysis by (unulsin of glucosuh^s 
is not reversible. 

A point arising in the course of Bounjuelot's 
work was the discovery that, conlrary to general 
assumption, the activity of eniulsin is not 
invariably*anfl completely inhibited by alci>hol. 
Thus, (jpviiopicn'n and mlicin may be liydro- 
lysed, at all events partially, by cmulsin in 
comparatively eonconl rated alcoholic soliition 
(Bourquelot anrl Brulel, J. iMiarm. cliim. 
Iftll, (vii.] 4, ‘185: Coinpt. rend. 11)12. 154, 
944). 

As examples of tlu' gimcral metho<l of gluco- 
sido synthesis liy enzyme aedion may be men¬ 
tioned the preparation of methyl-, geninyl-, and 
cinnainyl-^ glucosidos and of benzyl-jS-galacto- 
sidc from the corresponding alcoliols nml sugars 
in presence t)f cmulsin. On the other liaiid, 
similar a-glucosidcs have been jiroiluced by th<' 
action of the enzyme (a-glucosidase) contained 
in the aqueous extraid of bottom yeast:. 

The synthesis of glucosidcs of glycol and 
glycerol, diflicult by other moans, was eileotcd 
by the enzyme method, cmulsin being used. 
a*Glycol monoglucoside was obtained crystal¬ 
line, fali^-i-135'’, and two dilTcrcnt glyceryl 
monoglucosidcs w'crc prepared from an aqueous 
solution of glycerol and glucose in presence of 
emulsin in the course of nine months’ reaction, 
in the form of a hard amorphous mass,[alD4-27®. 

H&m&lainien (Bioehem. Zcitsch. 1913, 49, 
398; 60,209 ; 52,409 ; 53,423) has synthesised 
a number of glucosidcs of.terpene alcohols by 
the enzyme method (cmulsin), including those 
of: /-borneol, r-isobornool, camphene, d- 
oitronellol, cyclohexanol, diliydrocarveol, I -, 
fenchyl alcohol, sabmol, santcnol, c/tf-tcrjiin, 
and terpineol. 

The function of glucosidcs has been a subject 
of considerable discussion. They have lK?en 
regarded as reserve materials; as antiseptics, 
and, therefore, bactericidal in character; and 
aa pFotectives, on the assumption that the bitter 
taste and poisonous properties of many would 
act as a warning to animals. A more recent 
view is that the non-sugar constituents function 
as hormones ; that is, they are able to penetrate 
the plant cells and stimulate the protoplasm to 
greater activity; much evidence has been 
adduced in favour of this view (.vce E. F. Arm¬ 
strong, The Simple Carboliydratos and Gluco- 
sidea, X«ondon, Longmans, 1919). 

i*rc®oro<K)n.—Qlucosides are obtained from 
plants Dy extraction with water or alcohol, the 
abstract being subsequently purified in a variety 
cd ways to euminate other s^ublo substances. 
Tim extraction of the ^nt material is often 
omiTQDlently performed in a Soxhlet apparatus; 


m 

and ethyl acetate will sometimes be found to 
bo a convenient solvent. It is essential in 
most cases to destroy the accompanying enzyme 
l)ofore extracting with water, so that hydrolysis 
may not take place. 

For convenience of i-eforeiice only the most 
important glucoaidcH are here dosorilwd in 
aljihabetical order. 'L’hoy are, perhaps, bevtei 
cla'^aifiod in groups according to t^e nature of 
the non-Kugar constituent, and brief reference 
may tlieroforc be made to those groupings. 
Special works dealing with the glucc^ides are : 
Van Rijn, Dio GlucoHide, Berlin, 1900; Roseau- 
Schorhmmcr tt (’htmu . Band 8, Filanzen 
Glucosido, Braunschweig, 1901 ; Armstrong, 
The Simjilo Carboliydratos and Gluoc^ides, 
London, 1919, in all of wlilch numerous references 
to the original literature will l>o fouml. 

Phenols oi’cur very froqiiontly as constituents 
of glucoaidtw, especially those containing two 
and more hydroxyl groups. The sugar residue 
IS ail-ached to a {ihonolio liydroxyl rather than 
to an aliphatic- alcohol group in a side chain, 
p-.Q. salicin, coniferin. 

Aldehydes. A number of glncosides of 
bciaal(lehyd(‘ exist, but in most of these hydro* 
geii cyanide is attached to tlio aldehyde group, 
'riie relationship of amygdalin, and the three 
amygdonitrilo glucosidcs, prulaurasin, mmbvL- 
nuinn, and prumtsuiy is of considerable interest. 
Siilntignuy the ghu^osulc of m-hydroxybenzalde- 
hyde, is isomeric with helirin, the glucosidc of 
o-hydroxybenzald'^hydo, obtained by oxidising 
salicin, but not yet lound in plants. Dhurrin is 
a derivative of p-hydroxybonzaldehydc. 

Acids, (ilucosidea of the higher fatty acids 
are (diaractc'ristic of the Oonwlvulacece, and are 
used os jiurgativcs. 

Coiumrins. The glucosidcs of the coumarin 
group ar(5 interesting. That of coumarin itself 
has not yet been isolated, though there can be 
little doubt tliat coumarin, which is so widely 
distribuUMl in plants, is present in this form. 
Skimmin is a monohydroxycoumarin; ssculin 
and daphnin are isomeric dihydroxycoumarins; 
fraxin, a trihydroxycoumarin. .Scopolin is the 
methyl other of ODSCulin. * 

Ilydroxyanlhraquinone ylucoside^ are madder, 
frangiilin, and others, like aloes, which form 
emodin on hydrolysis. 

Hydroxyfiavone. glncosides all give yellow dye¬ 
stuffs. Those dcHcribod are apiin, fustin, gossy- 
pitrin, incamitrin, qucrcjmoritrin, qucrcitriii, 
isoquercitrin, robinin, rutin, serotin, vixetin. 
xanthorhamnin. They are mostly rhamno* 
i sides. 

The following glucosidcs contain rhamnose; 
Raptiain, convallamarin, daliacin, frangvUn, 
fustin, glycyphyliin, hesperidin, kampkentrinf* 
oiiahain, naringin, qucrcitririf rofeinin, rutinp 
solanin, atrophantin, trifoUn, adurpelhein, xantho- 
rhamnim,. ^ • 

Those containing pentoses other than 
rhainnoso are: A^in, arUiarin, convolvtUinf 
genliin, kcUehorein, jeaterin, quinovin, sap<min, 
^•lurpeihein, vicianin. 

The following contain galactose: GonvaUa-^ 
marin, digitonin, robinin, aapotoxin, stdanin. 
Laevulose has so far only been obtained from 
aliiin, the gluooeide of garlic (Rindquist, ApO^ 
Zeit. 1910, 25, 106). 

The glucoeides hydrolysed by enmlBbi Mrs 



408 GLU008IDES. 


MiCvXin, amygdttlin, amj/gdmifrik glucoside, an- 
droein, arbutin, aucuhin. bankankosin, calmaUim- 
bin, coniferin, daphuhi, dhurrin, genliopicnn, 
incarnatrin, indimn, vieliatin, oleuropein, piccin, 
prulaumsin, suhcnt, Hamhanigrin, sifringiu, 
taxicatin, verix tuili>i. 

Adonin C 5 . 4 H,(,G 9 . from Adonis amiircu'ns 
(Reg iinrl Hrt(la) 'rahara, her. 24, 2570). 

/Esculin (;,5K,fl()9,2Aq, m J>. 205', is 

found in the liaik of tlio horse cliestnut idns 
hippocasUmum, Jiiiin.), and in the roots of 
the wild jasmin {(idsrmliun snnpervirniH, Ait.). 
It is very sparingly soluble in cold water, and 
crystallises in lustrous eolourloss prisms. (!harae- 
toristio is the blue fluoresc^onci^ of l,!ie aqueous 
solution, even wlien very gri'atly diluted ; it is 
evident in a solution of 1 ])ar1; of josculin in 
15 million parts of water. Alkali inerea^ie.s the 
fluorescence, acids di'stroy it. Tli<' aqu(‘ous 
solution is faintly iwid. Jt gives a yellow solu¬ 
tion with nitric acid, which, on tb(“ addition of 
ammonia, ac<|uiroH a decj> blood-n'tl colour 
(comp. Schunck and Marchlewski. Annalen, 

278, ‘155; (lat.iennann and Kbbncr, Her. 

52, 288). By tlu' action of w’arm dilute inmeral 
acids or of einulsin at. 50^, josi-ulin is liydrolyscd 
to glucoHe-t-iesculetin (a ditrv'droyxeoumarin) 

/E^culctin has the formula : 


(lll.CIT-CO 



yEHcnlhi IS isonuH'ic with daphuin. 

Aloin, Barbaloin. Tlie glucosidcs from the 
various species of aloe are but nulofinitely charac- 
terisod. Tlioy are decomposed into aloe enu)din. 
which is a tnhyilroxynu'thyl anthraquinone 
identical with that derived from frangulin, and 
a sugar which is sometimes dextrose, sometime.s 
a pontoBO. Ijt-ger (Bull. Soe. ciiim. 1910, 7. 479 ; 
and Oompt. rend. 1910, 150, 1095) ascribes to 
L^arbaloin the formula sdg, and obtained 

from it on hydrolysis, emodin and ^f aralmiose. 
Since the nrahinosc, wliich is a constituent of 
gums, &c., is /•arabinoH(‘. the oeeurrenee of the 
d-isomeride is remarkable, ivs showing that 
sugars of both d- and I- series occur naturally. 

Amygdalin ('.oUnGuN.llAq, m.p. 200", 
{al^® —38*5°, is the oldest known glucoside ; it 
was first found by Robiquet and Boutron in 
1830 in bitter almonds. The composition and 
mode of decomposition by emulsin into gluco.se, 
oil of bitter almonds, and hydrogen cyanide, 
,wa8 first indicated by Wohler and Idebig. 
Besides the bitter almond, it is contained in the 
kernels of peaches, cherries, plums, apples, and 
in the fruits of most of the Kosac/ce. It 
orystallis^ from water in transparent rhombic 
prisms, from alcohol in glistening platelets. It 
IS soluble in water, sparingly soluble in cold 
alcohol. 

It is very readily hydrolysed by the emulsin of 
almonds to glucose (2 mols.), hydrogen cyanide, 
and boxzaldehyde 

CtoH„OiiN+ 2 HjO-: 07 H 40 +HCN+ 2 C.H,j 04 
Yeast contains an enzyme amygdalaae, which 


I hydrolyses it to glucose and amygdonitrile 
j glucoside {prunasin) 

\ ('ioH.TOnN 

wliicli has .since been found to occur naturally," 
and IS, in its turn, hydrolysed by emulsin. 
Almontl emulsin has been shown to be a mixture 
of t!ir(‘c (Mi/,yine.s, which act consecutively. 

Amngdxlase first split.s off one molecule of 
glucose, a ^-glnrasr hydrolyses the amygdonitrile 
glucoside to ^-glucose ami rf-niandelonitrilo, and 
v;/afum: liycholyses this last to benzaldehydc and 
liydrogeif eyanido. It has not been possible to 
obtain the two glucose iiiolecuh^s from amygdalin 
. united 111 till! form of a disaceliaridc by means of 
plant enzymes-, but using the digcstivo juices of 
the snail ildix }}oni<ifm, CJiaja{('oinpt. rend. 1910, 
150, 593) has (lomoastrated that a non-reducing 
(lisacehaiide of the (rehalosc type is first formed, 
tliougli subsequently liydrolyscd to glucose, 
I’lic disaccbarule of amygdalin is definitely not 
maltose norcellobioso. Dilute acids act as almond 
('luiilsin does: strong hydroehlorie amd hydro* 
lyses amygdalin to /-nuiiulelic acid, glucose, and 
ammonia. Concentrated sulphuric acid gives 
glueosi' and f/ mamh'lonitiile. 

Dn treatment with baryta, tlu5 d-niandelo- 
nitnii* group in amygdalin is racemised and 
/ soaniygdalin is obtained. Tins is hydrolysed by 
ainygdalase to prulaurasin. (For bibliography, 
sre K. F. Armstrong, 'Ihe .Simple ('arbohydrates 
and (ducosides; also Walker and itricble, 
Cliem. Soc. Trans. 1909. 95, 1437.) 

Amygdonitrile glucoside {Prnnasin) 

m.j). 147Ittlj) occurs in tlie young branciios 
of J'runns (tVm.sav) Padns (Linn.) (Herissey, 
Arch. Pharm. l‘.K)7. 245, 641), and ifl the bark 
of the wild cheriy, PiHuns scrotiua (Ehrh.) 
(Powi^r and Moon', Chem. Soc, Trans. 1909, 
95, 245). It is obtained from amygdalin by 
the action of an extract of dried yoast (Fischer, • 
Bit. 1895,28,1508). 'This enzyme amygdalase 
IS only present in some sjiccimens of brewers’ 
yt'ost (top fermentation). Amygdonitrile gluco* 
side IS the ^-glucose oUuT of d-mandelonitrilo, 
i.<\ the mtrde of f-mandeho acid {cf. prulaurasin 
and samlmnigrm). 

j Androsin <J,BH.,o()fi.2Aq, m.p. 218®-220®, 

] found in the rluzome of Apociffiu?n androsesmi- 
folium (Linn.) (Moore, (dieni. Soc. Trans. 1909, 
95. 734), forms long colourless needles, sparingly 
soluble m cold water or alcohol, readily in hot 
water. On hydrolysis by emulsin or sulphurio 
acid, it yields glucose and acetovanillone 
OH3*(10-CeH3(OMc)(OH). 

Antiarin. The latex of Antiaris ioxkaria 
(I^esch.), an arrow poison, contains two gluco- 
sides. a-Antiarin crystallises in 

loafiots or plates ; m.p, 220'’-225® ; it is hydro¬ 
lysed to antiarose, i.e. a methyl pentose, and 
antiarigeniu CjiHgoOj. jS-Antiarin 

or C2gH380io,5Aq, crystallises in slender needles j 
m.p. 206°-207‘^. Emulsin has no action on either 
glucoside; both are toxic, their action resembling 
strophantin (Kiliani, Ber. 1910, 43, 3574). 

Apiln (?), m.p. 228®, found in 

tho leaves and seods of parsley [Carum {Apivm) 
Petroedinum and Hook.)], in c^eiy [A. 
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grave^na (Linii.)l, and other umbelliferous 
pianto ; orystaliisos in small colourless needles ; 
sparingly soluble in cold, easily solnblo in hot 
water and alcohol. The solutions readily 
gelatinise; they are strongly dextro rotatory. 
It is hydrolysed by mineral acids witli difficulty 
to glucose, apioae, a (’^ sugar with a branched 
chain of carbons (c, (-arbouydrates), ami 
a hydroxyflavono derivative 

of the constitution 

X II 4' * 

^ yCA}-('Ai 

on 

The sugar residue is proliably miiU‘d to tlie 
hydroxyl- group inark4‘d x {.src I’crkm, Chem. 
Soc. Trans. 1897, 71, 817). 

Aralin, m.p. 2(»0", (xu-urs in Araha jni>onica. 
It is insoluble m water, eontains no nitrogen, 
and docs not reduei*. Folding's solution. On 
hydrolysis it yickls ghnuiso and an acidic com¬ 
pound arahdni, wliteli fotnis wliito crystals, 
m.p. 24(r-248’(b)anz(^l, J. Pliarm. (Jhini. 1912, 
[vii.] 5, 530). 

Arbutln 0^>If,4O7,lA((. m.p. 142^ and again 
at 194^", (all, -()3 5*', occurs in the loaves of the 
boar-berry ( Arclo'tlaphi/loa Uva-itrsi (Spreng)j, 
in a number of Eiicaao!, and m the roots, 
trunks, and leaves of most j»ear species (Bour- 
quelot, O^jmpt. rend. 1911, 1.53,408). Excepting 
in the })oar, it is found associated witli methyl 
arbutin, from wliicli it cannot be separated 
by crystallisation. Henssoy effects this by 
the addition of potassium hydroxide to crude 
arbutin dissolved in aU-oliol. Tlio syrupy pre¬ 
cipitate 18 heated with acetic acid in aicoliol, 
icalcium carbonate added when it is in solution, 
the alcohol distilled off, and the residue extracted 
with water (Bull. Soc. chim. 1910, 7, 1054). 
Axbutin crystallise-s in long silky needles, gives 
a blue coloration with feme choride, and a 
sapphire-blue colour with Junginann’s reagent. 
It J8 hydrolysed by eniulsin or by mineral acids 
to glucose and quinol; owing to the presence in 
emuUin of a small amount of oxydase, the quinol 
formed in this way becomes slightly oxidised, 
and the solution assumes a yellowish- or reddish- 
brown colour {see Bourquelot and H^rissey, 
(lompt. rend. 1908, lifi, 7<51; Bourquelot and 
Fichtenholz, J. Pharm. (.'him. lOlO*, (vii.l 1, 62, 
104; H^rissey, Compt. rend. 1910, 151, 444). 

Arbutin is readily detected by moistening 
the powdered material with dilute hydrochloric 
acid, heating cautiously on an object-glass, and 
collecting the sublimate of quinol which forms 
upon a second object-glass (Tunmann, Ber. 
Beut. pharm. Ges. 1911, 21, 312). 

H^rissey's method for separating the arbutin 
of bearberries from methyl arbutin does not 
give pure arbutin. A better, but still imperfect, 
process is to separate the arbutin in the form of 
ra additive compound with hexamethylene¬ 
tetramine. Pur© arbutin is produced syntheti- 
ctdly from aoetobrom(^luco8e and quinol in 
presence of alkali; the compound (-f-lAq) 
melts at 163®-I64®,and again at 200®,[a]D—60°. 

Pure methyl arbutin melts at 168°~160°, and 
ogidn at 175^ (Mannich, Alch. Pharm. 1912, 
So, $47). 


Mcthjlarhuiin C„Hi* 07 ,lAq,m.p. 176", [a]p 
—04°, crystallises in needles; it gives no colora* 
tion with either ferric chloride or Jungmann^s 
reagent. It is hydrolysed by omulsin more 
quickly than arbutin, yielding glucose and 
qumolmethyl ether (Hlasiwetz and Habermann, 
Annalcii, 1875, 177, 334). It does not darken 
in colour on liydrolysis in presence of an oxydase. 

I Methyl arbutin was syntnesised by Michael by 
t-lie interaction of acetochloroglucoso with 
potassium quinol metlivl ether (Amer. Chem. J. 
1885,6,336). 

AucubinC„Hj90s,lAq.m.p.l81°[alD-174°, 
is found in the seed, leavivs, sUun, and roots of 
the Jatianiwo vanegated laurel, Aucuba japonica 
(Tiiuriu.) and allied Hjieeies. It also occurs in 
Gairi/a and Plaiifago species. It is hydrolysed 
by mineral acids and by emulsin to glucose and 
aucubigonin {0jTl,Oj). The latter has not been 
isolated ; it is condensed to an intense black- 
j coloured product immediately it is formed. It 
i i.s this eomnound which cau.ses aiicvha loaves 
i to become black when put in an atmosphere 
I of oliloroform for a few minutes. (Literature 
j summarised by Bourquelot and H^rissey, Ann. 

I Chim. UK),5. [viii.-].4. 289.) 

I Baptlsin j;0,4,9Aq, m.p. 240°, [aj^—61°, 

I found in the roots of Bapitsia iinvioria (R.Br.), 
crystallises in renifonn aggregates of slender 
needh^s, sparingly soluble in water ; it is hydro¬ 
lysed to rhamnoso (2 mols.) and baptigenin 
^ |»licnol containing three hydroxyl 
groups (dorter. Arch. JMiarm. 1897, 235, 303). 
iff-Baptlsin Cj,HjoO, 4 . 4Aq, m.p. 247°, which 
occurs in the same root is Jiydrolysed to glucose, 
rharnnose, and ^-baptigenin or 

A)’C\i : Clf OH 

dijHg'-O'CTIO (Gort-cr, Arch. Pharm. 

\.() 

1907, 245, 501). 

Calmatambln C,,H^fiOi,,2Aq, m.p. 144", 
fuJo—130'', umnd in the bark of Canthium 
qlihrifiorum (Hiern.) from Sierra Leone, crystal¬ 
lises in colourless prismatic needles. It is 
hydrolysed by mineral acids and by emulsin to 
; glucose and CVdwtatowj5c4in0H,O CijHi®O,(OH)a, 

I it is physiologically inactive (Pyman, Chem. 

I Soc. Trans. 1907, 91, 1228). 

, Cedrln CgiHjeOa, crystals, m.p. 266°, is 
found in Sinaia eedron, and gives by hydrolysis 
a sugar which has not yet been identified 
(Vichoever, Geiger, and Johns, J. Biol. Chem. 
1916, 24). 

Clavicepsin Cj 9 H 340 i«, 2 Aq, m.p. 91°, and 
(anhydrous) at 198°, is found in SeccM comutum ; 
it is not hydrolysed by emulsin, but with acids 
i gives 2 molecules of glucose and 1 molecule of 
i mannitol (Marino-Zuco and Fasquero, Oazz. 
ichim. ital. 1911,41,16.1368}. 

Coniferln C,*Hj.,Og,2Aq'; m.p. 186°,[a]i,-67", 
was lyscovercd jn the cambial sap of La^ 
decidua (Mill.), and occurs in the saps of the 
conifers in general; it is found also in beetroot 
and asparagus. 

; It crystallises in colourless rosettes of pointed 
! needles, sparingly soluble in cold water. The 
aqueous solution has a slightly bitter taste. 
When moistened with phenol and concentrate 
hydrochloric acid, an intense blue colottr it 
formed; it is soluble in concentrated suipburic 
! acid with a red coloration. It is decomposed 
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by boating with mineral aciik, but omukin 
bydrol^^os it to glucose and coniferyl alcohol 
0,H,(6H)(0Me)C5K4-()H. 

On oxidation with permanganate, ghico> 
vanilHnic acid (' 8 H 3 ( 0 Me)(C 0 jH)O 0 #HiiO 5 is 
obtained, m.p. 211'’. Chromic acid oxidises 
ooniforin to glucovaiiillin, m.p. 192'’, which is 
hydrolysed by emulsin or by acids to glucose 
and vanillin Ticmann and Haarmann, Ber. 
1874,7,008; 1875,8,500,1127 ; 1870,9,408, 
1278). 

Convaliamarin and Convallarin arc two 

glucosides occurring in CoHiullaria majalis ; the 
former is soluble in water and alcohol, and has 
a physiological action similar to tliat of digitnlin, 
whilst tho latter is iuHolubh* in water and acts 
only as a jmrgativo (Keiehard, Pharm. Zeit. 
1911,52, ls;j}. 

Convolvulin Cg^llhaOjy, m.p. 150”, is found 
in jalap root, Jjximaui ptirffo (Jfayne). It is a 
colourless amnrphouH jiowder, very sparingly 
soluble in water, but remlily soluble in aleoliol 
and aiiotic acid, and dissolvi's in concentrated 
sulnhiiric acid with a rod coloration. It is 
liyurolyscd by acids to ih^xtroso, rhoileose, and 
convolvulinolie acid Tiiis acid, on 

oxidation, talo's iiji 2 molecules of oxygen, 
forming meihylelbyl acetic acid and ipomic 
aeul C\oH|rC 4 » an isomeride of Hobacic acid (r/. 
Votot'iok, Ber. 1910, 4:1, 471)}. 

ConvolvuUn is hydrolysed by aqueous baryta 
to convolvulinie acid, a-methyl butyric acid, 
and purgic acid. 'I’bo first-named acid yields 
rhamnose and rhode(»se by the action of mineral 
acids, whilst t he tlurd siniilai ly gives isorhodcose 
(Votoi^ek, Ber. 1910, 43, 470). 

Cymarin ('^W 4409 , m.]). 130”-138”, j alo-l- 23”, 
occum in A poeijn um cannabiii nvi ; by hydrolysis 
are jirodueed ('•///wiro.sc 
which is probably a methyl etlier of digitoxose, 
and cymirigcnin, melting at 171”, a 

lactone, said to be identiea! witli the strophan¬ 
thidin of Feist {wlKiac formula is said 

to be wrong). Cymarin is similar in physiolo¬ 
gical action to strophanthin and digitoxin; the 
only difference between cymarin and strophan¬ 
thin IS tho different sugar constituent (Windaus 
and Hermanns, Her. 1915, 48, 979, 991). 

D&phnln (•j.H, 4 ()B. 2 Aq, m.p. 200”, is a con¬ 
stituent of the bark of Jhpfme mezertum (Linn.) 
and J). alpinn (Linn.). It forms long colourless 
needles or prisms,sparingly soluble in water, easily 
soluble in alcohol. It is faintly acid, and has 
a bitter astringi'iit taste. It is soluble in alkalis 
and their carbonates with a golden-yellow colour, 
tho solutions decompose on boiling. On hydro¬ 
lysis by acids or by emulsin, glucose and daph- 
0H:CHGO 

^ 6 

netin I arc formed (comp. Stiiiikcl, 

OH t 

Bor. 1879, 12, 109). 

Batiscin C 2 jH 240 ii, 2 Aq, m.p. 190", present 
in the leaf and roots of Datiaca cannahina (Linn.), 
forma colourless lustrous nfledlcs. On hydroly-sis 
by acids rhamnose and datiscetin 

ftre fenSMil {j^hunok and Marohlcwaki, Annaleu, 

1803, m% »l ; 1894, 278, 301). 


Dhuriln 0..H, 7 O 7 N was obtained from the 
groat millet, jSarffhum vulffnre (Pers,), by Huostan 
and Henry (Phil. Trans. 1902, A, 199, 399). It 
is hydrolysed by emulsin and by dilute hydro¬ 
chloric acid to glucose, hydrogen cyanide, and 
p-hydroxybcnzaldehyde. It is the glucoside of 
p-hydro.xy mandclomi rile. 

Dibenzoylglucoxylose, (' 25 Hi 80 ,,,lAq, de¬ 
scribed by Power and vSalway (Trans. Chom, 
Soc. 1914,105,707, 1002), is an entirely new typo 
of naturally-occurring glucoaide. It occurs in 
Daviesialatifolia. M.p. 147‘’“148”, [alj,—-107", in 
methyl alcthol. Jt has a very bitter taste, is 
sparingly soluble in cold water, ether, or chloro¬ 
form, but readily in hot water or m alcohol. 
It does not n'duco Folding’s solution. The 
penta-acctatc has m.p. 203”. 

Digitalis glucosides. The leaves and seed of 
tlie foxglove, ffigiUiha purpu7ca (Linn.), contain 
glucosides, which inercaso the activity of all 
forms of muscle tissue, more cspecialiy that of 
the heart and arterioles. The leaves contain 
digitalm, digitoxm, and, jierhaps, digitalein, the 
existence of tliis as an entity being uncertain. 
Tho seeds contain digitalm and digitonin, a 
gluco.sido of tho saponin class, which is possibly 
also present in the leaves (r. Hioitalis). 

Digitalin Cj.lfj.O,. or m.i). 217°, 

is obtained from commercial German digitalin 
by extraction with ether-alcoliol. It occurs in 
characteristic eolonrless granular masses, and 
cryTjtallises m needles from 85 p.o. methyl 
alcohol, ft IS very sparingly soluble in cold 
water, readily m aleoliol.- (^mcentratiidsulphurio 
acid dissolves it with a golden-yellow colora¬ 
tion, which changes to a niagnilieent rose-red 
or violet-red on tlie addition of potassium 
hypobromito.- Sulphuric aeul containing a little 
ferric oxide gives, with digitalm. at tiret ai^ 
intense golden-yellow, and then a red colour 
changing to a permanent reddish-violet. 

It is hydrolysed on heating with dilute 
alcoholic hydrogen cliloride to glucose, a sugar 
(^HiiGj named digitalose, and digitaligenin 
('• 22 Hg(,()g or (ViaHgjOa, which last cryst^UseB 
in granular aggregates of needles; m.p. 210 °. 
Digitalin possesses tho characteristic action on 
the heart without being cumulative. 

Dlgltonln C 51 H 92 O 21 , or (’BjHjiOjg. m.p. 225°, 
Wd —50°,forms one-half of*thc mixed glucc«ides 
from digitalis seed, and the principal proportion 
of coinnicroiai German digitalin. To obtain it 
tho commercial product is dissolved in 85 p.o. 
alcohol at 50°-r)0°, and allowed to crystafliso 
slowly ; digitonin then separates. When pure it 
crystallises in crusts of slender needles, very 
sparingly soluble in water, readily soluble in 
alcohol. Tho hot aqueous solution is opalescent, 
and the glucoside does not separate on cooling. 
The aqueous solution froths like that of saponin. 
It gives a red coloration with concentrated 
sulphuric acid, and, on heating with concentrated 
hydrochloric acid, becomes yellow, then red, 
and finally somewhat blue. It is hydrolysed on 
heating with alcoholic hydrogen chloride to 
glucose (2 mols.), galactose (2 mols.), and di|i- 
togenin C, 9 H 4 s 09 or OjiHg^O,, crystallising in 
slender needles, which soften at 250°. Digitonin 
is poisonous, but does not possess the action on 
the heart peculiar ^ digital^. It forms crystal* 
line compounds with amyl aloohd and otiber 
alcohols, and with j^enoi, and oombines wiA i 
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““ 8 " orystels, easily «oIubl«ln water and alcohol. It 
^ nSSfafita n ti a valuable teat for digitonm. is hydrolysed by mineral acids and by a spooiflc 
11 ^”^on^ymo. gaultheraee, which acoompanies it in 
f Emulain is without action. The pro- 

V ® of NatlvelleB crystal* ducts of hydrolvsis are aluoose and metliyl 

lised diffitalm, or French digitalin.’ It is salicylate 0 ,H*(OH)COaCH 3 (^ce Bourqneiot, 
obtomed by extracting the leaves with water, Compt. rend. I89(>, 122 , 1002 ). 
and then with alcohol, precipitating the alcoholic Gentiacaulln, (o|„-04^, occurs in aeniiatM 

Hnlur.mn wtfh lf.o/1 <vr>rs4n4<v __a__i . ‘ 'u » 


and then with alcohol, precipitating the alcoholic 
solution with load acetate, evaporating and 
extracting the ri^sidue with chloroform. It 
crystallises from chloroform in thin anhydrous 
prisms, which are not molted at 240®*and from 
dilute alcohol in hydrated crystals : in.n. 


th load acetate evaporating and v. and givi^ glucose and xylose on hydro- 

the Kwdue with ohWorm. It iy„i„. the n«n- 8 u«r constituent is not stated 


lysis : the non-sugar constituent is not stated 
(Bridel, J. 1‘harin. (hiim. 1914, [vii.] 10, 329). 

dilute alcohol in hydrated crystals"; rnTp; itii^ I Ge“‘»n mp 274->, occurring in the 

It is insoluble in hot or cold water, soluble in I “f. {(.'rntmm Mm (tinn.]) 

alcohol, chloroform, or ether. When it is ! "> .H 1» hydrolysed 

di^olved in glacial acetic acid, a drop of ferric »'« ^y>e“'N and gcntienin UnHioO,, 

chloride add«i, and then concentrated sulphuric «'l>ich is isomeric with gcntisin.. 
acid is cautiously poured down bo os to nirm a Gentioplcrln >(,<l 9 .JAq, m.p. 120 -125 i 
layer under the acetic acid, a dirty brownish- anhydrous at (alp—198®, which ifi 

green band appears, which alters to a broad likewise a coiLstitucnl of gentian root (Tanrot, 
intense bluish-green band at the dividing zone. ^’hem. Soc. Abstr. 1905, i. 055, 714), occurs 


2 molecules digitoxosc (.l 8 H,j.Oa, a sugar having gcidn (comp. Bourquelot and Biidel, J. Pharm. 
the constitution : Chim. 1910, | vii.] 1, 160). 

CH,-CH(0H)CH(()H) (;H(0H)CH,C11(). , m.p. Ifi0"-155“, was 

T. r „• • . o obtained from Dwiialis leaves by extraction 

It crystallises in prisms, m.p. 102 , and is with cold water and then with chloroform. It 
wl 1 lisrm. 1«13, is said to be tli* chief constituent of commercial 
2 ol, t )02 o80 J a , . digitalin, is a white, neutral amortdious powder, 

Frangulin m.p. 228 , found in tlio Holublc in GOO parts of water, it crystallises 

bark, root bark, Beods, end fruit of the. berry- i from a mixture of 2 parts alcohol and 1 part 

bearing alder, /MawniM/rarw/ffla (Linn.), and ; water with 4H.O, the hydrate melting at 

also in li. carthariica (Linn.), is a yellow silky i 75 ° 

glistening microcrystalline powder, nearly in- When an alcoliolic solution of gitalin is 
soluble in water, readily soluble in alcohol evaporated in a vacuum anhydrogitalifif 
^d benzene. It dissolves in alkalis with an m.p. 255®, is produced; this is 

intense cherry-red colour. It is hydrolysed insoluble in water and chloroform, but dissolves 
by ^ids to rhamnose and emodin (trihydroxy- | in 8 (^ iiarts of boiling alcohol, 
methylanthraquinonc) (cf>mf>- ^chwabo, Arch. ; Hydrolysis in alcoholic HCl solution of 
Pharm. 18^, 226, 569; Thorpe and . anhydrogiiahn yields digitoxo.so and ankydro- 

OheniL Soe. Tra^. 1892, 61, 1). gifoUgentn molting at 210°-219® 

Fraxin ('ijHjgO^o, m.p. ,320 , obtained from (Kraft, Schweiz. Wochensch. Ohem. Pharm. 
the bark of the ash FmxmuaexccfMor (Linn.), and 1911 , Nos. 12, 13, and 17 ; Arch. Pharm. 191,2, 
from several Msculus and Pavia species, crystal- : 250, 118). 

lisee in colourless needles, sparingly soluble in j kiliaiii (Arch. Pharm. 1013, 261, 662) did 
wld water, but e^ily in liot water and alcohol, not succeed in transforming Kraft’s gitalin into 
The solutions, like those of sasculin, fluoresce anhydrogiialin by absolute alcohol; the same 
blue. It is hy^lysod by dilute sulphuric acid writer (Arch. Pharm. 1914, 262, h3) sepafated 
to slucose and fraxetm OjnHgOj, ^the mono- gitalin into a number of fractions differii^ in 
m^hyl ether of a trihydroxycouinann. It con- physiological action, solubility and beha'wour 
tarns a methoxyl group more than daphnin or ©n hydrolysis by treatment with water and a 
fflsoulin (sec Rochledor, Wien. Akad. Ber. 1863, mixture of methyl alcohol, chloroform, and 


48,238). 

FufUn m.p. 218®, the glucoside of 


ether. 

Kiliani is supported by the similar work of 


fustic {Rhu8 cotinus [Linn.]), forms small needles Eosenthaler (Chem. Zeit. 1914, ii. 328). 
of silvery lustre. Dilute sulphuric acid hydrolyses QUln, m.p. 266®. was also extracted from 

« ? molwules of flsetin Digiialin loaves by Kraft (Arch. Pharm. 1912, 

^*i"iop€^"^chi8a3:3 :4'-trihydroxyfiavonol 250, 118). It cryatallises in long needles, 
ol the following constitution; insolubio in waton; it is isomeric with digitoni^, 

o.ww but contains galactose in plaoo of glucose. 


but contains galactose in place of glucose, 
jg physiologically inactive. 

I , „ Gitonin decomposes at 272®, 

[a3jj—51®, is an amoj^ihous glucc^ide found In 
Merck’s digitonin. It forms an additive corn* 
(eee P^kin, Ohem. 80 c. Trans. 1897,71,1194). pound with cholesterol, and on hydrolysis is 
Oanttberin (^ 4 Hi*Og,lAq, decomposes at resolved into 3 molecules galactose, I mcdecmle 
'>09®, found in wvUheria piyciwadcns (Linn.), 1 pentose, and gitogenin C|«H 4 , 04 , a crystalline 
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OluoochelroUn (!,,H.,oU,,NSsK,Aq, colour- 
lees neodluH, m.p. ir)8”-lW“, lalj, -21®, occurs 
in wallflower scedrf. 11« constitution i« probably: 

<.!Hj*SO/(m,-CH/N( 0 -S 03 K)-.S-CflH „04 
(.Schneider and Schiitz, Ih'r. lOKl, 4fi, 2(Ki4). 

It giv(« clu*iroliu and glucose on liydrolysis 
(Schneider and Lohmann, Her. 1912, 45, 29.54). 

OlUCOtropSDOlin ('i^HjsO.NS^K, tlie glueo- 
sido of berizyltliUH-yamde, oe<‘ui>i in Tiojueolum 
rtujjus (Linn.), and jApiflnun. sativum (Lmn.). 
ft wknown only in solution ; with silver nitrate 
a precipitate is fornu'd at firet soluble in 
ammonia, but suiiseqmnlly the ammonium 
compound 

/(»S()/OAg 
(’/.SAg -|2Nfl3 

Nciia’h. 

HoparntcH in glisU'ning eryHlals. 'flic glueoside 
is hydrolysed by mj’iosin to glucose, potassium 
hydrogen sulphate, ami hcn'/vhwthiooyanatc 
(Oadftinor, Her. IS99, 112, 2336). },’astiiilnm 
offkinale (H. Hr,), and Jiarharen pjcerox (K. Br.), 
aro said to contain a glueoside, i/tuconaslurliin, 
which differs from glucolropiBolm only in yielding 
phonylethyh.sothioeyanatc (.'glijddL't'lL'NCS 
on hydrolysis by myrosin. 

Glycyphyllln Cj/Uj^Oe^lAq, m.p. 175", occurs 
in the leaves of iSmiluj gli/ci/pfiplla (Sin ); on 
hydrolysis it yields rhamnose and pldoretin 
idontical with that obtained ft-om phloridzm, 
in which it is combined with glucosi' (Wright and 
Rennie, Chem. Soe. Tran.s. 18S6. 49, 857). 

Gossypltrin(* 3 ,m.p.2(K)-202",occurs 
together with (jiienunnTitrin and ovoquorcitrin in 
Egyptian cotton flowers, (iossypium ln'rhaauvi 
(Linn.). It consists of jialc orange-yellow needles, 
givwi a de<5p rod precipitate with aqueous lead 
acetate, and an olive-green coloration willi 
ferric chloride (Perkin, Chem. Soc. Trans. 1909, 
2181). It is hydrolysed by boiling dibit* sul¬ 
phuric acid to glucose and gosaypetin OijlligOg, 
a hydroxyflavono dorivativc. The glueoside 
exists in the flowers as a potassium salt (A. G. 
Perkin, Chem. Soc. Trans. 1899, 75, 825 ; 1902, 
8i, 205 ; 1910, 95, 1855, 2181). 

Gynocardin CjgH^OjNjUAq, m.p. 102", 
[olp -i-72’5®, is found in Qynocardia odoratn 
(R. Br.) and Pangium edulc (Rein.), (Power and 
Iieoe, ibid. 1905, 87, 349; Do Jong, Roc. trav. 
chim. 1909, 28, 24), It is hydrolysed by 
acids and by a specific enzyme gynocardase 
to glucose, hydrogen cyanide and a complex 
C^HsO^, whicfi spontaneously rosinifies. 

♦ Helloln V . Saiicin. 

Helleborein is an amorphous glueoside, 
(all)—3", and yields on hydrolysis I molecule 
acetic acid, 2 molecules glucose, 2 molecules 
arabinose, and two hclleboretins, one of which, 
C2iH,j07,i9anacidiclactone,theother,Ci|H240j, 
being a neutral compound (Sieburg, Arch. 
Pharm. 1013, 251, 154). 

Hesperidln m.p. 251", [o]d-80", 

is found generally in the fruit of the AurantiacfO}. 
It was discovered in unripe^orangos, and occurs in 
mostspeciosof C»<rtw except C. i^cumana (Murr.). 
It is a colourless, microcrystalline, tasteless, 
bygrosoopio powder, almost insoluble in water, 
reawy soluble in hot acetic acid. It is faintly 
acid, and therefore soluble in alkalis, from 
which it is precipitated by carbon dioxide. It 


is hydrolysed by acids to glucose (2 mols.), 
rhamnosc, and (2 mols.) hesperitin 
wliich has the structure 

McO CeHjlOHj CH: ClI'(JO*O CflH 3 (OH)., 
and is decomposed on boiling with alkali into 
phloroglucmol and hydroxymethoxycinnamic 
acid (Will. Her. 1887, 20, 1186; Tiemann and 
Will, Ber. 1881. 14, 946). 

Incarnatrin (L,ll2(,0|.;.3Aq, m.p. 242", occurs 
in the fiowei’s ot Tujohvm incarmitum (Linn.), 
the so-called ‘carnation or crimson clover* 

(llogcixoifi, Chem. Soc. 'JVans. 1910, 1004), and 
forms faintly yellow jmsmatic neodlerf. It is 
naidily hydrolysed by acids and by cmulsin to 
gliicosi- ami qucrciiin. 

Indican (’]4Hi7(>3N,3Ari, m.p. 100" 102", the 
glueoside of woad [Isatis linclona [Linn.]) is 
also fouml in Jndigofcm linclona (Linn.) and 
other species of ln<ti(/off ra, in Polygonum Hue- 
torium- (Alt ), and in WnghUa tinchna (R. Br.). 
It IS convcmcntly extracted from the leaf by 
means of ai'ctoiK*. It is liydrolyacd by acids, 
by a speedic (‘ir/.yme, nidcmnlsni, pn^sent in the 
leaves <4 the indigo j»lant, and more slowly by 
the emulsin of almonds, to glucose and indoxyl. 
Jmloxyl (colouiless) umlergoi's oxidation to 
indigotin (l)lu(J when exjiosed to the ait 
2 Ck 1I7()N 4- (L ^ 211.0 -}- OjcHioO.N^. The 
yield of indigotin obtained irom Iho leaves 
i.s of great impoi lance. c<pmmercially; it is 
below the theoretical when hydrolysis is slow, 
owing to the groat instability of indoxyl, and in 
mrt to the occlusion oj indoxyl by the enzyme, 
t is imjirovcd by adding a small quantity of 
sulphuric ueid to tliC mixture at the commencc- 
niimt of ilio reaction (^ic'' Perkin and Bloxam, 
Cliem. Soc. Trans. 1907, 91, 715 ; 1909, 95, 703, 
824 ; also refereiicoH to Indicun given by Arm¬ 
strong, 'riie Simjilc Carbohydratoa and Gluco- 
sidos, London, 1919). 

Iridin m.p. 208", occurs in the 

root of the violet (Ins pircnluia [Linn.l) (Be 
Laire and Tiemann, Her. 1893, 26, 2010), and 
(Tystallises in colourless needier, very sparingly 
soluble. It i.s hydrolysed by acids to glucose 
and irigenin CibHuO®, which has the constitu¬ 
tion : 

_JD 

C,H2{()H)(OMe)/OH/(’'-CO'CeH(OMe)(OH). 

0 

The sugar residue is attaclied to the hydroxyl 
marked *. 

Jalapin {Scammohin) m.p. 131®, 

[ajj, —23°, is tlio active principle of the root 
stalks of Conmlvulus orizahensis (Led.), and of 
scammony, the dried sap of Conwh'iUud scant- 
monia (Linn.). It is an amorphous resinouR 
powder, translucent in thin plates; slightly 
soluble in water, readily soluble in aloohol and 
ether. It dissolve.^ in concentrated sulphuric 
acid with a purple or maroon red colour, 
changing to brown and becoming finally black. 
It is hydrolysed by acids to glucose (3 mols.) 
and jalapinolic acid CjeHgoO,, possibly hydroxy- 
hexadecylic acid; this yields methylethvlacetio 
acid, sebacic acid, and an isomeride of tms acid 
on oxidation. 

Jesterin ntp. 206®-2l8®, ocenn 

in the berries ot R^mnus caihartica (Lion.). 
It is hydrolysed to a hexose, a pento^, and 
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emodi nanthranol ^15^12^4 (Krafiowsky, J. 
Rubs. Phys. Chem. Soc. 1908, 40, 1610). 

Kaempterin Cj,H,„0,,,6Aq ia found in 8 enna 
leaves, melta at 186®-19.5 , and gives kaompferol 
and glucose on hydrolysis. 

Ulucosides of rliein and aloe-emodin are also 
present in Senna leaves (Tutin, t'liem. Soc. 
Trans. Wl.'l, 103, 2000). ' 

Kampterilrln m.p. 20 r, is found 

in Miqojcra urrecia (Hochst.) (Perkin, tlieni. 
Soc. Trans. 1907, 91, 438), and fornw a)uio.st 
colourless sparingly soluble needles ; on hydro¬ 
lysis rhamnoso (2 mols.) and kampferoU;, jlljjO, 
ore forrted—the latter has the constittiiion 

Hi)/ Vl— 

IIO 

Kninpferitrin closoly rcscmliloH rohinin, wliich. 
according to IVrkin, in also a f'lucoside of 
kampferol. 

Unamarin {l^hascohmatin) m.p. 

[ci]i> 2 ()', found in Pluisrohi.s lunaius 
(Linn.), t)io Ho-call(*<l Java bfans, in flax, 
Linum vsitalis-Hunum (Liim.), and m casBava. 
Tt IB hydrolysod by an onxymo. linage, present, 
in Pfui^eolus and some JAtuivi spccioH, whifh ]8 
allied to but not identical with cniulsin, and also 
by mineral acids, to gJiieo.se and accioneevano- 
hydrin. It is a tlerivalive of ^-glucose and 
not of a-glucoso, as originally supposed (comp. 
Armstrong and Horton, Proc. Hoy. Soc. 1910, 
B82, 349; Dunstan and-Henry, tlid. 1903. 72 
285; 1900, B7S, 145; 15H>7, B79, 315; Jorifficn 
and Hairs, Bull. Akad. Hoy. Belg. 1891,21, 529). 

Lotusin fobtained from Lotas 
arahicus (Linn.)(l)uiLstan and Henry, Idiil. Trans. 
1901, B, 194, 515), crystallises in jialc yellow 
needles. It is hydrolysed by a sjiecilic enzyme, 
lotase, to glucose (2 mols.), hydrogen cyanide 
and lotoflavm, an isornericlc of fisetin, winch 
has the eoastitution 

HOr' '':()~c-{!,H 3 ( 0 H), 

' I II 

OH 

Apparently the hydrogen cyanirle is attached to 
the sugar residue, as on alkaline iiydrolysis 
heptagluconic acid is obtained. 

Meiiatin colourk-. 4 .s, bitter erj-stals, 

m.p. 222°, occurs in the Marsh Trefoil {Mem/- 
anthes trifoliala). Upon hydrolysis with emulsin, 
glucose is produced {Bridel, Cornpt. rend. 1911, 
162, 1694). 

Moriadin C 2 -H 2 sO ,4 or 027 ^ 300 , 8 . m.p. 
246®, found in Morinda citrifolia (Linn.), M. 
tinctoria (Roxb.), and M. umbelUila (Linn.), 
orystalliscs in lustrous silky yellow needles, 
Buluble in hot water and in alcohol. It dis¬ 
solves in alkalis with an orange.red colour 
which is not changed on boiling, and in concen¬ 
trated sulphuric acid with a puqde-bluc colora¬ 
tion. Tt is hydrolysed by acids to a sugar 
wUoh has not yet bwn definitely identified, and 
molindone, a trihydroxymethylanthmquinono, 
isomenc with emodin. On distillation with 
eino • dtBt, j 3 -methylanthracene is formed. 
iUcording to Perkin, morindi^from M. ciirijolia 
and M. uitd)fUata is not the same {au Perkin and 


Hummel, Chem. Soc. Trans. 1894, 65, 861 ; 
Tho^ and Smith, ibid. 1868, 63,171; Oesterie 
and Tisxa, Arch. Pharm. 1907, 246, 634). 
Myrtleoloiin v, Raiin. 

Narli^n, formula uncertain 4'4Aq, m.p. 170®, 
is found in the flowers and other parts on^ of the 
Java orange, Cifnis deAunvana (Murr.). ft forms 
colourless microscopic prisms of bitter taste, 
sparingly soluble in water, which are strongly 
Iffivo-rotatory, It dissolves in alkalis with a 
yellowish-red coloration and is nrocipitated by 
carbon dioxide. It is readily hydrolysed by 
acids to rbamnose and possibly also glucose and 
nanngenin, which is the jihloroglucinol ester of 
l>araeoumaric acid 

chcoo-c.H3(oh)2. 

ft i.s elo.sely allied to besperitin (comp. Will, 
Bor. 1HS7. 20. 297, 1180). 

Osyritrin r. Rutin. 

Phloridzin (’ 2 iW 240 ,o. 2 Aq. m.p. 108® and 
again 170°, was discovered in 1835 in the bark 
and particularly the root liark of the apple, pear, 
elierrv, and ])lum tree. It forms long silky 
needles of bitter taste, S]>aringly soluble in cold, 
readily in hot water; it is Icevo-rotatory 
falp -50°. Emulsin ks without action, but 
atuds hydrolyse it to glucose and phlorctin 
(’<.H„{()H)3(:0CHMe(:eTr4(0H) 
(Rennie, Ohom. Soc. Trans. 1887, 61, 636; 
Fischer, Ber. 1688, 21, 988). (Jlycyphyllin is 
the. rhamnose ether of phloretin, 

Phytosterolins. The following aubstancos, 
believed to be phytastcrols, were shown to be 
glucosides (phytoHtenJins) (IWer and Salway, 
Trans. Chem. 80 c. 1913, 103, 399):— 

Svbstanrr. Found in: M.P. 

Ijuiranol Olive bark, Ipomwu 286°-290® 

Purpurea^ &c. 

Citrullol (!<)Ifs-ynth, Kuonymus 285°-290® 

alropurpnreas, &c. 

Bryanol Bryony root 210®-212® 

(Uuytianol Taraxacum 297® 

Pieeln. Gluco - p • hydroxyacetophenone, 
synthesised by Mauthm r in 1912, was shown by 
him to be identical with Tanret’s picein, isolated 
from pine needles (J. pr. Chem , 1913 (ii.). 88 . 
704). V » 

Polygons C^jHjoOjo, m.p. 202®, from 
Polygonum cuspidaium (Sieb. %nd Zucc.), 
crystallises in lustrous yellow needles. It is 
hydrolysed by acids to‘glucose and emodin, 
identical with that obtained from frangulin, 
where it is combined with rhamnose (Perkin,. 
Chem. Soc. Trans. 1895, 07, 1084). 

Populln C 2 „H 2 , 0 „ 2 Aq, m-p. 180®, has been 
found in the bark and leaves of Populus tremula 
(Linn.), P. nigra (Linn.), and P. balMmifera 
(Linn.), and other species of Populus. It is 
prepared synthetically from salicin by heatizu 
with benzoylchliride (Schiff, Annalen, 1870, 
164, 6 ). It crystallises in minute needles, 
sparingly soluble in cold water, more soluble 
in hot water. It is Issvo-rotatory, and dk* 
solves in concentrated sulphuric ac^ with aa 
amaranth-red coloration. Emulsin is without 
action, but acids hydrol^e it to glucose, 
saiigenin, and benzoic acid. Nitric aold oxidkee 
it to benzoyl hellcin (Piria, ibid. 1862, 81, 248 i 
1866, 96, 376), This proves the benzoyl gtoup 
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to be in the sugar and not in place of the 
hydroxyl ns often supposed. Populin is hydro¬ 
lysed by the enzyme of Populus moniltfera 
(Ait.) (Ww’vers, I'roc. K. Akad. Wetensch. 
Amsterdam, 1905b 12, 193). 

Prulaurasin “‘P- 

—52*75”, (K-curH in tho leaves of the common 
clierry laurel. PrunushuroerraffUA (Linn.) (Heris- 


deposit produced from quercimontrm. The elo- 
ooside is isomeric with quercimeritnn, and, like 
it, yields elucose and quercetin on hyi^OTis, 
but differs in being readily attacked. The 
shades produced with the glucoside on mor¬ 
danted wool closely resemble those yielded by 
qucrcitrin, but are entirely distinct from th^ 
eiven by qucrriDicritrln. The sugar is attached 

..uu.:, 11 ... 1 ' a' nr a 


idierry laurel.too ther the 3', 4', or 3- positions 
sey, pmnpt. rciui. lilU.'i 141 Mil) it is i>< ro , nucleus. 


HOV, V-iWIlIjMi. ..1 

lysed by cmulsin and by an onsyroc jirunaHC ot 
the cmulsin type, as also by mineral acids, to 
glucose, bcnwildchydc, and hydrogen cyaiiide. 
It is the glucoside of raiMlilic mandeloiiitnie, and 
in view of tlic fact that it is readily olitained 
from Barnliuiiigrin or from ainygdonitrile glueo- 
side by the aidion of tracos of alkali (daldwoll 
andCoiirtaiild, (lliem. Koc, Trans. 11107, 01,071), 
it is not irapossilile that it is present in ilie- jilant 
in one of these active forms, and undergoes 
racemisation during extraction. 

Prunasln e. A-myiidorntnlr yUicositlr. 

Prunltrln Cj.Hj.On.dAii, found in thf liark 
ot Vrunvs erimrginalii (Wiilp.) (finiicniorc. 
Pliarm. ,1. 1910, S.'i, 004), is liydrolysod by acids 
to glucose and pruiietin, 

Querclmoritriii (ij,Hj„0|j,3Aq, m p. 247°, 
obtained fromtiicllowcrsof Oosm/iuiim hnl/iirnm 
(i.inn.), tol-ms slliall glistening briglit yellow 
plates, almost msolldiie in cold and fairly readily 
soluble 111 limling water (i’eikin, ('hem. Soe. 
Trans. 1009, 9.7, 2ISI). Tlie alkaline soliilions 
ore d«qi yellow ; it gives a bnglit-red precipiloO- 
with a(\u(‘o\ia lead ac(5talc. It i» very Btabh' 
towards mineral acids, but is eventually hydro¬ 
lysed to gliH'Ose and quercetin. 'I’ho glueciside 
oxislH in the flowers in a readily Holuble condition 
in the form of a potassium salt. Quercimeritnn 
contains the qiiereetin hydroxyl groups in tlie 
3', 4', and 3- positions intact, the sugar residue K 
being uniU'd to ono of the liydroxyl groups 
marked * 

H*)/ V)-(1(;,H3(()H), 


\/ 

oil 


4;0-(’-()H 


QUercltrln Cj,U,„0„,2Aq, m.p. 183"-lS.'i‘’, or 
anhydrous a»0°-252°, lolp-140'9“. found in the 


r and not to 

the phloroglucinol nucleus. nun 

Quinovln (Chmonv) C3oH4o<)g or tgsngjUu, 
a-quinovm acoompanie-s the cinchona alkaloiofl ; 
it IS obtained from the bark of Chnia wova, whici^ 
after extraction with water, i« boiled -viatn milk 
of lime. Tho gluc-oaido is precipitated on tho 
addition of hydrochloric acid, and after purifica¬ 
tion forms a colourless crystalline powder, la]i> 
4-55)*l” : j1 is almost insoluble in water, and has 
a bitter taste. Alcoholic hydrogen chloride 
hydrolV'Ses it to quinovaic acid 024Hg80|, and a 
niotlivi pentose, quinovoso (e. Cakbohydbates), 
which however, under these conditions, is con¬ 
verted into the glucoside othylquinovosid© 
(quinovite) (l,lli,0.-()(:,H^-Quinovinis found 
m tlie Kniiijia species, and erystallises in plates, 
m.p. 235'. [aln+27'9'': it yields the same 
products on livdrolysis (compare Hlnaiweti!, 
Ann. 18.55), 111, 183; Rocldeder, Zeitsch. 
Chom. 181)7, 357). 

Robinin C33H4 o()i*. the glucoside of the 
white azalea, Pobinta pseud-acacia (Linn.), 
Yields, on hydrolysis, galactose, rharanoso (2 
mols ) and a yeUo‘w cohiunng matter robigenin 
closely related to quercetin (Schmidt, 
Arch. Pharm. 1904, 242, 210; I’crkin, Chom. 
Soc. Trans. 1902, HI, 473). 

Ruberythrinic acid (L*H.,80 i 4, m.p. 258 , is 
tho constituent of madder root, Utibia hneiorum 
(Linn.), which, on hydrolysis, yields alizarin. It 
cTV8talli8(« in citron-yellow needles, sparingly 
soluble in cold water. It dissolves in concentrated 
sulpburic acid, and in alkalis with a bright-red 
coloration. Acids and the enzymes of m^der 
hydrolyse it to glucose (2 mok.) and ahzann 
1 (dihydroxyanthraiiuinone). Since the glucoside 
is acid, tho two glucose molecules are probably 
united as a disaccharide, and not attached to 
both hydroxyl groups. Tho formula 

‘ n -IT n 


thus 


ropresonts the glucoside (Liebermann and 
ttnr 1K87. 20. 2241 : Schunck and 


bark'of Qiicrru,. *Vf’o/or‘’(Ait.) anil clscwbere ; 1 Bcrgami, Bcr 1887, 20, ^41; Mnmck and 
orvatallises in briglit-ycllow lustrous needles, | Marchlewski, Chem. Soc. Irara. 1894, M,^182). 

:_i..i,i„ ..im arvBrimrlv soluble ini Rubladln glulioside Cs.HjoO,, m.p. 270 , als 


orysuiinses ju .. - 

almost insoluble in cold, sparingly soluble m 
hot water, and easily solulile in alcohol. It 
shows an intense green coloration with ferric 
ohiorido. Emulsin is without action, acids 
readily hydrolyse it to rliamnoso and quorcitin 
(tetrahydroxyflavonol). In qucrcitrin. tlie sugar 
croup is not attached to the phloroglucinol 
residue, but to one or other of the three remaining 
hydroxyls (Hiasiwets and .Kkdddler, Ann. 
ito, 127, 302; Liebermann and Hamburger, 
Ber. ’1879,’ 12, 1178, &c.). 

MoQuercitrin 0„H,i,O,„ m.p. 217-219, 
also found in the flowers of 
(Perkin, Chem. 8oo. Trans. 1910, 96, 2181), 
crystjlises in pale-yellow needles ^most in- 
sokble in cold and but sparingly in teili^ water. 
With lead acetate it gives a ! 


RuWadln glucoside C„H,oO„ m.p. 270 ,^o 
present in madder, forms yellow needles, which 
are hydrolysed to glucose and methyldihydroxy- 
anthraquinone (Schunck and Rfarchlewski, Chem. 
Soc. Trans. 1893, 03, 960, 1137). . . n 

Rutin C„H„0,„3Aq, m.p 184;, orjgmally 
discovered in rue, Pufa ffraveolem (Linn.); also 
occurs in Foffopi/rum esculentum (Moench), Cap- 
part's S'pinosa (Linn.), Globularia Alypum (Linn.), 
Colpoon comvre38um (Bern.), Eucalyptus 
rhi/ncha (F. Muell.), Viola irMor (Ltm), Te- 
phrosia purpurea (Pers.), &o.; it is identical with 
clucosides described as violaquercitrin, osyntrin, 
inyrticolorin. It forms pale-yellow Instrons 
needles sparingly soluble in cold 
alcohol, mow soluble on heating. It is hydiolysea 
with some difficqlty to glucose, rhamnoM, wd 

... . ' _jJa T>kai.rm 1QAA 


lAdui ftPGtate it gives a bright-yellow | with some curaoq«.y w ” 

^ry, different from the deep-red i quercitin (eompaie Schmidt, Arch. Pbarm. 1904, 



ULiUuusiujys. 


212, 210; 1908, 246, 214; Wondorlio.h, 

1908, 246, 224, 241). 

Sakuranin G^H|40io4Aq, m.p. 210''<-212'', 
the glucc»ide of Prams panicuUUa (Thunb.), the 
Japanose cherry tree, forma colourless bitter 
needles, and yields glucose and sakiiranetin 
m.p. 150° on hydrolysis. It is 
physiologically inert. Sakuranetin contains one 
methoxyl group, absorbs bromine, and yields 
phloroglucinol, acetic, and p-hydroxybonzoic 
acids when fused with potash (Asahina, Arch. 
Pharm. 1908, 246, 259). 

Sallcin 0iaHis,<)„ m.p. 201°, [alD^CS®, is the 
bitter stuff of willow bark, and was formerly 
used as a remedy against fever. It is found in 
many but not all Salix species, and besides the 
bark it occurs also in the leaves and female 
flowers. Tho amount varies according to the 
time of year It occurs also in poplars and in the 
flower buds of meadow-sweet, Spiroei lllmaria 
(Linn.). It crystallises m needles, plates, or 
rhombic prisms. It dissolvo-vs in about 30 parts 
of cold water, easily in hot water. Tho sfilutums 
taste bitter and arc Irovo-rotatory. It dis¬ 
solves in concentrated suljihuric acid with an 
intense red coloration : this is the so-called 
‘ rutilin ’ reactaui. Emulsin readily hydrolyses 
it to glucose and saligenin (o-hydroxybcnzyl 
alcohol). It is also hydrolysed by a spoi-iiic 
enzyme salicase [>r<‘s('nt in willow leaves and 
twigs. 

Benzoyl salU-in is tho natural glucoside 
’populin. Mild oxidation with dilute nitric acid 
converts the primary alcohol gnnip of salicin 
into aldehyde, forming hdictn Gnlln07; c.g. 

This forms bunches of slender needles, m.p. 174°. 
Emulsin hydrolyses it to glucose and salicyl- 
aldohydo. Helicin was synthesised by Michael 
by the interaction of acetochloroglucose and 
potassium salicylaldchydc, 

Salinlgrln m.p. 195°, [alp-87-3°, 

found only in Salix discolor (Muhl.) (Jowott and 
Potter, Pharm. J. Aug. 16, 1902), is the gluco- 
side of m-hydroxybonzaldohyde, an iaomoride of 
helicin. It giv(« no colour with sulphuric acid. 

SambunigrinCjjHijOaN.rn.p. 151°,[a]p —70°, 
is present in the loaves of tho elder, Samlucus 
nigra (Linn.). It is isomeric with amygdonitrile 
glucoside, although, like this, it is hydrolysed 
by emulsin, the products being glucose and 
f-mandelonitrile, t.e. the niorile of d-mandelic 
acid (Bourqueiot and Danjou, (-ompt. rend. 1906, 
141, 69, 698). 

Saponins C„Ha„.40i9 are a class of closely 
analogous glucosides, very widely distributed in 
plants, having tho property of dissolving in 
water, giving clear solutions which froth strongly 
on agitation, form emulsions with oils and 
re?inoufi substances, and prevent the deposition 
of finely divided precipitates. They nave a 
bitter acrid taste, and the dust is very irritating 
and sternutatory; they are colloids and not 
dialysable. The more poisonous are distin¬ 
guished as sapotoxins. They are hydrolysed 
by dilute acids to glucose, galactose, and active 
substances termed sapogenins: the different 
saponins give different proportions of sape^enin 
utd sugar. 

The sape^eoins from mjuny sapoiuns, such 
ap iSIvaittcum, Sapomriat Senegin, and DigiUmin 


saponins, have been dkitlUed with xinc dust in 
an atmosphere of hydrogen, taid found to yield 
a mixture of terpenes including sesquiterMnes 
(van der Hoar, Arch. Pharm. 1913,261,217). 

Saponins are prepared by extraction with 
water and precipitation with neutral lead 
acetate, if acid saponins are present: basic lead 
acetate is then amied to the filtrate to preoipi* 
tate the ncqtral saponins. Tho preoipitates uu 
decomposed and the saponin solutions evapo* 
rated, the Fcsiduc being purified by solution in 
chloroform and precipitation by other. For 
further purification, the saponin is precipitated 
by barium hydroxide, and tne barium compound 
decomposed by carbon dioxide. 

Saponins form double compounds with 
cliolesU^rol {v. Jh'gitonin). Tho best-known 
saponins are: 

QuilloAc acid 3oOio» I’hc acid glucoside 
obtained from the bark of Quillaja Saponaria 
(Molina), is a constituent of commercial saponin. 
The pure glucoside is non-poisunous; it forms 
white flakes, whicli Ix^come red on treatment 
with strong sulphuric acid. 

Qmlluia safH)ioxtti CiTHa^Oio, derived from 
the same source, is a colourless amorphous 
powder po8He~«8ing poisonous properties. 

Saporubrin (Cislf28Gio)4, the sapotoxin from 
the root of tho soajiwort, Saponaria officinalis 
(Linn.), has [alp —54°. It yields a sericfl of 
sapogenins on hydrolysis, each giving up a 
further molecule of sugar as the treatment with 
dilute acid is continued. Tho final product has 
the formula 

Levant sajwtoxin (Ci,H24()io,H20)3 from the 
root of Gypsophila Arroslii (Guss.) or Q. panicu- 
lata (Linn.), is very similar to sapombrin. On 
hydrolysis, 4 mols. sugar (56 p.c.), probably a 
mixture of glucose and galactose, and a sapogenin 
(23 p.o.), are formed. 

Agrostenimi sapotoxin (('i7H2eOio)2, from tho 
corncockle, Lychnisi Agro8lcmYna)0iihago (Seem.), 
is a yellowish-white amoqihous powder yielding 
4 mols. sugar and a sapogenin on 

hydrol3^i8. It is absorbed by both the subcu* 
taneous tissue and the intestines, and Is there¬ 
fore a dangerous poison. • 

Parillin C2eH440|o, one of the saponin 
glucosides of sarsaparilla, the dried root of 
various smilax species, has m.p. 177°, [alj) —42°. 
It is hydrolysed to a mixture of sugars and 
parigenin C5HH44O4. The other glucosidee of 
sarsaparilla are snUlasaponin (02oHg20|(i)fi and 
sarasaponin (G22H340io)i2> “-P- 223°. 

Sarsaparilla saponin, from Smilax omaia 
(Hooker), contains a phytosterolin, ciystaUine 
needJee, m.p. 280° and hyorolysii^ 

to glucose and sitosterol; and sarsasaponin 
C|4H7402o,7Aq, crystals, m.p. 248°. The latter 
yields on hydrolysis 3 mols. of glucose and 1 nu^ • 
of sarsasapogejnin t'2«H4i02(0H),lJAq, imp. 
l83°,XalD-00°. 

Tho smilacinot smilasaponin of v. Schulx is 
not a homogeneous substance (Power agd 
Salway, Chem. Soc. Trans. 1914, 106, 201). 

Caalophyllosaponin C,,Hio.O| 7, n}.p. 260**— 
260°, [o]o+32°, is a crystiJline saponin loimd in 
CaulophyUvm thalictroidee (Innn.), which yields 
2 nulls, i-arabinose and 1 mnl. eaidophyUotapO’ 
gmin (Power and Salwiy, 

Chem. Soc. Trans. 1013,103,191). 
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Cavlosaponin CjiHijOj,, m.p. 250®-256°, is 
a c^taliine saponin found in CaulophyUim 
tkalictroides, and gives 2 mols. glucose and 1 mol. 
CavUmpogfinin (' 4 *HfljO^((>H )4 upon hydrolysis 
(Power and Salwav, Chem. Soc, Trans. 1913, 
103,191). 

DigilOHUponin w a colourless amorphous 
substance present with gitalin in Ihgifahn 
leaves, which digitosapognim and a pentose 

on hydrolysis (Kraft, Arch. Pharni. 1912, 2r)0, 
118). H is ajiparcntly identical with Sehniiede- 
burg's digitonin. 

Hederins. The following saponins hiiv(! hci^n 
isolated from ivy {lle/lrra hdix ):— 

a-HeAerin ('/), crystalline needles, 

m.p. 25G‘’~257", insiduhh* in wat(*r, and giving 
on hydrolysis arahinose, rliainnos<-, and a- 
hederogenin f'';t|H 5 ip 4 , a <liliY<lro\yla<‘lone 
mell ing at 32.')" 329' : 

a orystalline saponin insolulile in 

water: 

y-HiAirin, an amorphons sajaniin insolnhle 
in water ; and 

Adlcdcriyin, a mixture of saponins soliihlo in 
water (van der Haar, Itiueheni. Zi-itscli. 1919, 
7«. SS,-)). 

Polif/icifisaponiuM, from J*oh/H(/a-‘i 7 i<)iIom, 
are wliitc amorphous pro(luet.s, carbonising at 
alwut 32r>‘'. 

On hydrol>'His with 5 p.o. suljiliurie acid, 
cquimolccular amounts of arahinose, glucose, 
and & sa]X>g€7nn produced; the 

lat(;Cr forms rhombie. crystals, ni j). 324'’, and 
ia a saturated laetoni', but contains no i-arbovyl, 
hydroxyl, methoxyl, or othoxyl groups (van der 
Haar, liioehem. Zeitseh, 1919, 79. 33.o). 

Prosapogcriiii, from (hfjf.wphilo sajionin and 
dilute sulphurie acid, melts at 297", and with 
2 p.c. Huiphurie aoid undi^r pres-sure gives a 
sapoge.niii 297", a monobasic 

ketonie acid (Uosenthalor and Strom, Arch. 
Pharm. 1912, 2 r) 0 , 290). 

Saponarin from Sapofunia offii'inali/t. The 
aqueous solution of the crystalline saponin 
is not coloured by iodine, but tho colloidal 
aqueous solution gives a blue adsorption 
compound with this reagent (Barger and Field, 
Ohem. Soc. Trans. 1912, 101, 1394). 

Saponin from Sapindttft an amor¬ 

phous white powder, falp+13°, hydrolvsing to 
d-arabiqosc and a crystalline mitogenin, m.p. 
310® (Asahina and Shirnidzu, J. Pharm. ('him. 
1916. [vii.l 14, 188). 

^ponin from SUjrax japonica, a crystalline 
calcium salt, m.p. 2r>4”-257®. Treatment with 
0*6 p.c. hydrochloric acid gives tho free saponin, 
jegosaponin 065 l^^ft 0 a 5 , m.p. 238®, [alj)—39°. 
This hydrolyses to glucose, glycuronic and tiglic 
acids, and a mixture of mpogentna (a- 
imp. 160°, and fi- CjsHsaO,, m.p. 22r)°-228°) 
(Asaduns and Momoya, Arch. Pharm. 1914. 
*62,66). 

Saponin from Yucca angusl^oUa (root-stock) 
0*#H,|0|o, gives galactose on Iwdrolvsis (Vie- 
hoever, Cheraoff, and Johns, J. Biol. Chem. 
1916, 24). 

Saporetn from Yucca radiosa (root-stem) 
gives glucose or mannose on hydro¬ 
lysis (Johns, (Geiger, and Viehoever, J. Biol. 
Chem. 1916, 24). 

SeopoUn C||H| 90 i«, 2 Aq, m.p. 218°, occurs in 
Scopolia japonica (Maxim.) and S. carntofica 


(Jacq.). It is hydrolysed to glucose (2 mols.) 
and scopoletin, which ia identical with sssculin 
methyl other (Eykman, Rec. trav. chim. 1884, 
3, 177). 

Serotin C>iH.Q()i.;.,3Aq, m.p. 245®, found in 
the leaves of Prunu-'i scroli^m (Ehrh.), commonly 
known an the wild black cherry, crystallises in 
golden yellow leaflets. It ia more soluble in 
water and more readily hydrolysed than querci- 
moritrin. Acids convert it into glucose and 
quercitin (Power and Moore, Chem. Soc. Trans. 
1910,97. 1099). 

SinalWnC,oH 4 ,Oi 6 N 2 S„ 5 A<i, m.p. 138®~U0®, 
found in white mustard Sinapis aWa (Linn.), 
crystallises in faintly yellow-coloured needles 
winch are slightly soluble in eohl, easily soluble in 
liot water, and laivo-rotatory. It is hydrolysed 
by the inyrosin present in tlie 8 e“ds to glucose, 
sinalbin mustard oil CjH^O'Nf’S, and acid 
siuajjin suljihate (!|QH 240 r,N'HS 04 . 8 inapin 
CjJl.jOoN IS only known in the form of its 
salts, barium hydroxiih^ converts it into choline 
(bH 4 (OH)N(OH)Me,, and .sinapinic acid 
(!eir,((>K)(OMe),CH : (UKIO.H. 

The alcoliol corresponding to this acid is syrin- 
geum obtaini'd from tlio gUnsiside synngin. 
Sinapin is accordingly 
Oil 

MeO^OMo 

M ; Cfr-CO-O'djH.-NMoj-OTI. 
Simdbin mustard oil lias the composition 
CeH:4«>H)-CH/N:G8. 

Sinigrin CiuHjg()»N 8 Jv,Aq, m.p. 126®, is tho 
active princijjle ot black miistard, liras-Aca nigra 
(Koch). It crystallises in lustrous colourless 
needles, very soluble in water, sparingly soluble 
in cold alcohol. It is laevo-rotatory. Myrosin or 
a water extract of the seeds hydrolyses it to 
glucose, allylj'sothiocyanatc and potas.siura hydro¬ 
gen sulphate. Kmuisin is without action. As 
hydrolysis by myrosin proceeds, the increasing 
quantity of acid potassium sulphate formed 
renders tho ferment less active and ultimately 
stojis its action, (ladamcr has proposed the 
formula, C 3 H 5 N: ClSCJInOslOlSOjK). This 
is supported by Schneider and Wrede (Her. 1914, 
47, 2225), who found that the silver salt of 
thioglucose was produced by treatment of 
sinigrin with'’pota.ssium methoxide followed by 
the action of ammoniacal silver nitrate. 

Skimmin Oj^HieOg, m.p. 210°, occurs in 
Skimmia japomco (Thunb.). It crystallises in 
colourless needles, sparingly soluble in water, and 
dissolves in alkalis with a blue fluorescence. 
Acids hydrolyse it to glucose (?) and skimmetin 
(GjHeOa), m.p. 223°, which is perhaps identical 
with umbelliferone (raonohydroxycoumarin) 
(Eykflian, Rec. trav. chim. 1884, 3, 208). 

Solacein, a nitrogenous glucoside occurring 
in Dulcamara spociea, m.p. 236°-237°, hydrolyses 
to solanidine and a sugar (G. Massop, Bull. Soi. 
Pharm. 1912,19,283). 

Solanine (C 2 ;H 4 » 0 «N) 2 ,H 20 , found in Sola- 
num aodommuvi, yields on hydrolysis galactose, 
a methvlpentose, and the base solanidine 
CijHsiON, the constitution of which has not 
b^n determined, (xcept that it is known to 
contain hydroxyl aftd iimno groups. 
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^veral different glucosides appear to have 
received the same name (Oddo and Cc8aris» 
Gazz. chim. ital. 1911, 41, 490, 634; 1914, 44, 
[ii.] 181), 8(Minine., occurring in ^danum 
nn^Ueti/oliumf isolated by Q’utin and (Viewer 
(^ns. Chem. Soc. 1914, 105, 559); and Sola, 
nine-fi C 54 H,jOigN 2 ,H 2 (). occurring in Solamm 
*odomceum,whiQh is hydrolysed to I mol. glucose, 

1 mol. d-aldomothylpontos’e, 1 mol. d-galactose, 
and 2 mols. of solanidino-s OuH^iON, a base 
containing hydroxyl and imino groups (Oddo 
and Oeearis, Gazz. chim. ital. 1914, 44, [ii.] 181). 

Strophanthin m.p. 170^tl72®, is 

obtained from the seeds of Strophanlhus Koinbe 
(Oliver) and other sp(“cios. It occurs as a pale- 
yellow amorphous or a colourless microcrystaliino ' 
powder, Imving an intensely bitter taste and a 
faintly acid reaction. It is freely soluble in 
water and very poisonous. With concentrated 
sulphuric acid it is coloured green or orange, 
then red, and. on wanning, dark-brown and 
finally green. Acids hydrolyse' it to Htroj)hanti- 
dine and methyl stropliantobioside 

0 i 3 H 240 i(„ which IS m turn broken clow'n to 
rhamnoso, mannose, and methyl alcohol. Stro- 
phantin is similar to digitalis in its action on the 
heart. 

Syrlngin (\ 7 K„ 4 ()e,lAq, m.p. J<)l\ fal,, -17°. 
is found in the syniiga, St/ringa vuhjan.s (Ijinn.), 
and also in the bark of lilac and privet. 
It crystallisfxs in slender needles, gives a 
reddish-violet coloratum with Kuljiliuiic acid, 
and is readily soluble in warm water. Jt 
is hydrolysed by emulsin and by nc-uls to 
glucose and syringenin, i.e. dimetlioxyeoni- 


feryl alcohol 




{see Kbrner, 


(JHMUIOH.OH 
Gazz. chim, ital. 1888, 18, 209). 

Trifolln (-'juHaaGiidAq, m.p. 2(UJ“. found 
in the flowers of the commrin red clover, Trifo- 
Uwm pratenae (Tjinn.), forms slender pale-yellow 
needles. It gives intense yellow solutions with 
alkalis, gives a yellow solution which develops 
a green fluorescence in concentrated sulphuric 
acid. It is hydroly8(‘d by acids to rhamnoso 
and trifolitin a yellow colouring 

matter (Power and Salway, (.'hem. Soc. Trans. 
1910, 97. 231). 


Turpethin C 34 H 440 i„ m.p. 149°, from the 
dried sap or root of ipomem TurpeJhum (R. Br.), 
is yery similar to jalapin, but differs in being 
insoluole in ether. It is an amorphous powder. 
Acids hydrolyse it to glucose (3 mols.), turpethol 
CiiHjoOs, tsobutyric acid, and a viscid acid, 
CiiHjnOj (sec Spiigatis, Annalen, 186H. 139, 41 ; 
and Kromer, Onem. Soc. Abstr, 1893, i. 482). 
Voto6ek and Kastner (Chem. Soc. Abstr. JfK)7, 


i. 330) have isolated two other glucosides, a- and 
)5-tui]pethein from I. tarpethum. The a-iso- 
meri^ gives rhamnose, the jS-isomeridc rhodeose, 
and glucose when hydrolysed. 

inoianln CnHjsOioN, m.p. 160°, [alj)—20°, 
occurs in the seeds of Vida anguatifolia (Ber¬ 
trand and Weisweiler, Compt. rend. 1908, 147, 
262; ^910, 161, 326, 884). It is hydrolysed 
Jby ajx enz^e present in many Victa species 
to ({•mandelonitrile and a disaocharide 
fvioiaDoee), which is composed of glucose and 

HL—r. 


arabinose. Vicianin therefore represents an 
amygdalin in which arabinose is sutetituted for 
glucose. 

Violaquereitrin v. RuUn. 

Xanthorhamnln C 84 H 42 (),q Is found in the 
fruits of Rfuimvtis infedoria (Linn.), Rh. linctoria 
(Wald, and Kit.), and m various parts of other 
species of Rfuitfinus. It eryHlalliscK from alcohtQl 
in golden-yellow microscopic noodles, is readily 
soluble in water and diasolvcs in alkalis with 
a j'cllow coloration. It is hydrolysed by an 
enzyme rha7miinaae to a trmaceharide (rham- 
nmoae) and rhamnetin Khamninose 

is further hydrolysed by aeids to rhamnoso (2 
moh.) and galaiitose. llhamiu'tm is qucrcitin 
monomethyl ether 


HG 


>c«h/ II 

MJO'Ci 


3 ( 011 ), 

/ It 


j (see. Tanret, (U)m})t. riuid. 1899, 129, 725). 

K. F. A. 

GLUCURONIC ACID V Carbohydbateh. 
GLUE AND GLUE TESTING. The term 
<jlue comprises preparations obtained by the 
action of water from ccilalii portions of animals 
and tishcH, which have the power of gelatinising 
in aquiiouH solution and (frying up to a liard 
strongly adhesive layer. 

Other preparations which possess this ad¬ 
hesive property are also loosely termed glues ; 
e.g. marine glue, a resinous composition ; gluten 
and eo-sein gluo>(, mineral and vegetable glues, 
&c., but, strictly speaking, they have no claim 
to that name, as they contain no gelatin. 

The term gelatin is applied to glues made 
from spofually selected stock, and so gelatin 
may be considered a purer form of glue. 

Glue or gelatin is probably not contained 
as such in the animal, but is the product of the 
hydrolysis of various nitrogenous tissues, 
brought about by boiling with wator. 

These tissues have been classed as follows :— 

(1) Ossein, of bones and skin, Chondrigen, of 
cartilage ; lainglass, from the bladders of fish ; 
these are classed under the general name of 
Collagens. 

(2) Ela.‘iiin, from certain ligaments. 

(3) Chilin, from b(^cth*8, locusts, shrimps, 
crabs, &c. It can be converted into a gelatinous 
form by treatment with acids, but is of no 
utility. 

(4) Keratin, from hair, horns, hoofs, and 
feathers. These yield products which have 
little power of gelatinising, and are not used in 
the glue manufacture. 

For convenience the products-obtained from 
collagens by the action of water may be classed 
into Glutin and (’hondrin, the jiroperties of 
which will be described later. 

Manufacture. —(a) Bone glue. For this pnr- 
' pose, bpnes of all ^nds are used, and vary, 
therefore, so muen in composition that it is 
useless to give any detailed analysis. In 
addition to calcium phosphate and carbonate, 
the main ingredients of tne ash, they contain 
fat and gelatin-forming substances, ossein and 
chondrin. Before the gelatin can be obtained 
it is necessary to remove the fat of whiph fresh 
bones such as ribs, heads, shoulder hlados, 
contain from 12 to 13 p.c,, while large thigh hom 
may contain 17 to 18 p.c. Marine store bones, 
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suob OH have been used for aoup, Indian and 
South Amerioan bones rarely contain more than 
12 p.e. of fat. 

Tiu‘r(‘ ar<5 in ns(' throe eliief methods of 
extract ing the fat 

(J) By simply heating the bones in a tank 
provided with a steam cod ; (2) by heating with 
HU'am in a digostor under pressure ; (11) extrac¬ 
tion of the fat l)V V(dutile sedvents. 

Bv th(^ lirst ol tliest* proeo»HCK,th(i yield is only 
about 10p.<‘., liy the sts ond up to 12 ji e.^wlnlst 
by the third almost all the fat can he obtained. 

'rii(‘ solvent- extraction process is tlie one 
now us<h1 in most modern fael-ones. 'I’lie 
HoUtmts arc maiiilv those portions of Scotch 
shah* n.iphlbaor y\mericanor Russian p<'t-roleum 
boiling li’om DU ' to 1U5’, and coal-tar naplitha 
of similar boiling - |ioint. Tn this country, 
Scotcii sliale naplitlia. boiling bidwcen 100“ and 
1 ir>'’, is usually eniftloyisl. A modern extracting 
ilant consisUs of, say, t> eylinilrical vertical 
nnli'rs (if a capacity ol f) tons of bones, worked 
m sets of t.liree, one jot extracting while the otlier 
set is lieing mnpt.iod. As the hones are delivered 
at the works, they are sorted and tfieii enished 
in a niiil and lilhsi into tlie extractors, which are 
provided with jx'rforated false' bottoms, under 
wliich are jilaced wet and dry steam coils. At 
tlie to]) of each is a pijie for eonve^ying (d! the 
vapour of the solvent, to a seit ol condensers 
usually placed outride the huilding. When tlie 
extractors have tilli'd and the manholes 

(dosed, the solvent, is run in and heat aiiphed 
by t.h(' dry cods until the solvent rtegins 
to distil ov(‘r. carrying with it the moisture 
jiresent in tlie Inmes. When it begins to jiass 
over free’froin moisture, tlie dry coils are shut, 
off, and the lirst charge of the extracted fat run 
of! from ladow the bones into the or 

‘ distiller.’ This operation is rcjieated three or 
four tiuK'S, when the bones are free from 
fat, but H'tain a considerable amount of the 
solvent, which is blown over by liigli-pressure 
steam from the wet coils into the con¬ 
denser. The whole operation takes about 12 
hours. The bones are then raked out through 
the lower manhole and conveyed to the cleanser. 
When dry, tliey should be free from smell, and 
contain not more tiian } p e. of fat. The fat 
held in solution in the solvent is then heated in 
the distiller to exjiel the solvent, which is con 
donsed and used again. The fat is fri'od from 
dirt by heating with hot water and settling, 
and is tlien run into barrels. It contains about 
98 ]).c. of pure fat and is used in sont), candle, 
glycerol, and in the case of fresh nones for 
margarine making. 

• The cleansing of the bones is done by passing 
them through a rotating cylindrical wire gauze 
sifter, and they are then ready for the boiling 
operation. 

The extraction or ‘ cooking ’ is carried out in 
one of two ways: (1) By the alternate action 
of steam and water pla 3 dng on the Imnes 
contained in a large iron Imiler of from 3 to 5 
tons capacity. As this method yields weak 
glue solutions, costly to concentrate, modem 
manufacturers prefer the second plan (2) ».€. to 
* cook Lin autoclaves under, say, 16 lbs. steam 
resBure, reduced later to 4 to 6 lbs., this being 
one to allow the glue oontained in the interior 
of the bonce to exude, so that it may be washed 


down by the spray of water. This action is 
ropeatecl until the solution contains about 20 p.c. 
of glue. 

The glue liquors arc then clarified by standing 
m tanks, kept warm by steam coils, when the 
dirt hcIMoh, and any grease rising is skimmed 
off. To assist 111 tiic clarification, many sub* 
stanc(‘s have been RUgge«t<‘d, such as blood, 
basic lead a(;elate, milk of lime, sodium phos- 
])hate, oxalic aeul, albumen, but they are rarely 
used, as A p.c of iiotasli alum fullils the purpose 
betU'r than any of them. After adding the 
diHS()lv(^(? alum, tlic whole mass is agitated and 
heated to HO", and then st rainc^d through fin© 
wire gaiizt* or canvas. 

The glue solution, thus clarified, is then 
mtrodiK'cd into tlie concentrators, where excess 
of water is removed under reduced pressure, so 
a.s to avoid injury to tlie glue by heating to too 
high a temperature 

Th<' i)niu:ij)le of these concentrators is that 
of t.he vacuum pan, and the Yaryan tyiM' is one 
of tln^ most modern lorms. 

This consists of an iron vessel, globular or 
oylindrical in shape, steam jacketed and pro¬ 
vided internally witli sk'am coils immersed in 
the glue solut ion. Tiie dome, w’liicli is provided 
with baffle y)lal.('s, is connected with a vacuum 
pump and condenser. In order to save fuel, 
the steam from the glue of one pan is led on 
tlie multiple-effect. ])iineip]<', into tlie coils and 
jacket of anotlicr, and so on to a third. ( V. 
Evaporation.) 

After eonecntralion, tlie glue liquors, before 
KcU-hng, are usually bleaclied by tbc action of 
suljthiir dioxide, produced in any suitable way, 
which IS led through the liquors by perforated 
pipes while tlioy aie contained in lead-lined 
tanks and k(‘pt liquid by steam coils. When 
the required shade has been reached, the liquors 
are ready for jellying, and are run out into 
galvanised iron troughs, 2 feet x 0 inches, to the 
depth of 5 inches, and allowed to cool. When 
set, the mass is removed and cut by a ‘ wire 
knife ’ into sheets of suitable thickness. Or the 
troughs may be dispensed with and the liquid 
jelli(“d on water-cooled glass slabs placed in 
rows on tables. 

The drying operation, which follows, is one 
of the most imjiortant parts of the manufacture 
of glue. Since the jelly melts at a temperature 
of about 25’ in summer, the air entering the 
drying rooms must be cooled, while in winter 
it is usually so charged with moisture that, 
in order to effect any desiccation of the jelly 
it must be warmed. These operations are 
carried out by suitable refrigerators and steam 
pipes. 

The cakes of glue are placed on frames 
covered with nets, which may bo of cotton or 
wire. These are supported on suitable trollies 
and placed in chamoers through which air, of 
the proper temperature and humidity, as indi¬ 
cated by wet-and-dnr bulb thermometers, is 
circulated by fans. In 4 or 5 days, the cakes 
are removed from the racks and packed; they 
then contain 10 to 13 p.c. of water. 

Osseine is a French preparation obtained by 
treating the fat-freed bones with dilute mineru 
acids, when the> phc»phatee and other solubki 
salts are removed. 

The residue eonsists of the glue-forming 
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ingredients of the bones, and may be made into 
^lue by treatment with water under Jieat, but 
in the writer’s experience, the change is very 
slow, and the preparation, although useful to the 
manufacturer of glue, is not to be recommended 
to the ordinary consumer of size. 

Hide or Skin glue. While the cpidermU of 
the hide yields little or no glue, the (urimn, or 
inner skin, eonsiHting mainly of connective 
tissue, gives a good percentage on treatment with 
hot water. 

The raw materials for skin glue are the 
various clipjiings of Judes, tlio ears ajd tails of 
oxen and sheep, rabbit and hare skins, old 
parchment, old gloves, pigs’ skins, and all waste 
leather wliudi has not been tanned. 

The fii*ht process in tlie inaiiufaeture of glue 
from these is to subject them to the action of 
milk of lim<' in sliallow pans or pits for several 
days, the skins being constantly stirrc'd w'lth 
forks. 

These o])erations loo.sen the hair. From the 
pits, the skins are taken to t.he unhainng room, 
where the still adhering hair is scraped off by a 
blunt knife, and any ffeshy jtails, &c., removt'd. 
The hair thus olitained finds use in jilastermg 
work nn<l fell making, &e. 

TaniU'd h'ather ('anno(< be used, but tannery 
waste trimnmigs, after llie hnimg or depilatory 
procc-ss, form the raw' material for good glue. 

In modern ])ruetic<‘, besuh'S milk of lime, 
other substances, such as soilium sulphide, soda, 
and a mixture of soda and lime are used, '('he 
first IS said to be good, but in presence! of iron 
causes blackening of the bides. 

After liming, lli<* skins, when firm and free 
from gri'Hsy fee), are washed, first with water, 
then with diluti! hydrochliuie aiiid, and finally 
again with water. The excess of water is 
removed from thi! wet stock by drying and 
pressing. 

The dried material is tlieii heated, enclosed 
in sacks in a boiler witli water until the liquoiw 
contain about fl2 ji.c. of glue;. It may then be 
run in a Yaryan concentrator, or direct into 
coolers, or on to glass slabs for jellying and 
cutting and dried as before. 

Fish giue. The raw malorials for this are 
chiefly the skins (especially those of solos and 
plaice), the bladders of various fish and all 
varieties of fish offal. These yield, by proccsBcs 
similar to the above, a very adhesive out cvil- 
smolling glue, which it is said m&y bo deo¬ 
dorised by treatment with i p.c. of sodium 
phosphate and 0*25 p.c. of saccharine (Lambert). 

Isinglass is a valuable product obtained 
from the swimming bladders of various fisli, of 
which the sturgeon of the Volga yields the best 
quality, but Brazilian, Penang, Indian, and 
Hudson's Bay isinglass are also on the market. 
It arrives in this country either as the unopened 
bladdem, known aa pipe isinglass, or as purse, 
lump, or leaf. In preparing the last two, the 
blaaders are cleansed by washing with hot water, 
and then cut open and dried. 

Before solution in water, the crude isinglass 
is moistened, cut into strips, rolled out into 
ribbons and dried. When diy they are shredded 
by suitable tm^hinos. Isinglass is mainly used 
in cla^ying wines, ciders, and beers, by the 
oook for making jellies, and in4he preparation of 
]^ten. 


j Gina size may be considered as a by-product, 
I since it usually consists of the crude glue liquors 
which are the product of the third or fourth 
extraction of the raw material, which, if dried, 
i would yield a glue of inferior quality. In small 
I works and in some factories, where size is used, 
I it is often made direct from bontis or such leather 
; waste as ‘ pickers ’ by treatment with lime, 
j heating and straining. 

8izo is usually treated with sulphur dioxide 
to improve its colour and its keeping power. 
Zinc sulphate or boraeic acid is often added 
as a jiresorvalive, and when sold it usually 
contains about from 25 to !1S p.c, of glue. 

Concentrated size consists of ground glue, such 
cakes as arc oil shade and c|uality being used. 

Coloured or Opaque glues are made by the 
addition of a small (piantity of some pigment 
sucli as finely ground chalk or wliitening. 

(’irTC.\ribTRY AND PRlirKIlTIICS OJT GdUK. 

'I’lic products yielded by the hydrolysis of 
collagens may be divided into three groups : 

(I) Glutiii (gelatin), 'i'his is a colourless, 
yellowish, transpari^nt, odourless, and tasteless 
body. It has tlie following composition :— 

(lELAHNS FROM CONNECTIVE TjSSUE. 



(('hittondcn, 1008.) 

1 

2 

Carbon . 

. 5012 

COCO 

Hydrogen 

. . . 0-«8 

fi-62 

Nitrogen 

. 17H4 

17-88 

Sulphur 

. 0*32 

0-23 

Oxygon . 

. 2510 

25-36 

Ash 

. 0-32 

0-3(1 


The quantity of suljihur varies considerably, 
Hiid apjieai-s to be largely a constituent of the osL, 
which, in commercial glue, is often as high as 
I 75 p.c. Hy jirecijiifution with alcohol from 
aqueous solution, gelatin may be obtained 
j almost asli- and sulphur-free. When immersed 
[ in water, glutin, while nifioluhle in the cold, 
! swells up and greatly initreascs (5 or 0 times) in 
I weight. It dissolves in hot water, and the 
i solution, on (!Of)ling. sots to a jelly. Prolonged 
j heating with water h^ssens its gelatinising powi^r. 
' Solutions of glutin on exposure to air rapidly 
putrefy, evolving, among other products, am¬ 
monia. It is insoluble in other and alcohol, but 
soluble in glacial acetic acid (such solutions 
being made use of in the familiar * Diamond 
cement ’ and ‘ Seccotinc ’). Solutions of glutin 
are not precipitated by gold, silver, or copper 
salts, but the two former are reduced to the 
metallic state on heating. Platinum salts give 
brown precipitate and form a delicate test for 
glutin. The various tannic acids prccipitato 
glutin, with the production of Icather-Hke sub¬ 
stances. This precipitate is insoluble in organic 
solvents, such as ether and alcohol, but soluble 
in warm alkalis. Iron, aluminium, potassium, 
and leftd salts caifie no precipitate, but mercuric 
; chloride renders its solution turbid. Chromium 
I salts, especially potassium dichromate and 
: chrome alum, have the power of rendering 

f gelatin insoluble in water after exposure to 
[ght, which property is made use of in photo- 
I graphy and other inaustries. 

I TW distillation of glutin yields water and a 
I dark thick oil, similar to DippeTs oil, containing 
I pyridene bases, aniline, &o. Formaldehyde, 
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when added to a ^jlutin nolution, solidifies it and i 
renders it no lonj'(!r hoImWo even in hot water, j 
8 p.c. of fr»rnial(l<‘li,vd<! on the dry j^luo gives 
maximum (dfert. 'PIiih property has been 
utiliH<!d in wat-<Tj»rooling and in the production 
of V^andnra silk. 

(2) Chondrin. Tins Immy substance, very 
similar io glutin, is contained m most glues, but 
difTcrs in bmiig prc<'ipitatcd from its solutions 
by nearly all acids, though usually soluble in 
excess. Many salts, such as alum, h^ad acetate, 
and iron salts, also ]in‘( ij>itatc it. Its composi¬ 
tion is given as . 

(^irbon ..... 

Hyilrogt-n .... (i'Tb 

Nitrogen .... ir»'(>r» 

()\yg<n.27‘d7 

Its gelatinising and adliesjvo jxiwcm are 
weaki'f than those ol glutm. 

(2) Mucin. This nanu' covers a number of 
bodies which an' usually ri'inoved in the liming 
operation. If k‘ft. in the glue, they givii rise to 
‘foaming,' and ha\<‘ little or no adhe.sive 
projieiiy. 

(iMCfi of (fJiie - A great vaiii'ty of iiuluKtries 
employ glue in .'-■ome form or other. U is eni- 
j)loye<l ill si'/ing ts-\iiles, pa]»crs, walls, canvas, 
It is also largely lunjiloyed in jomeis’ 
work, veiKH'nng, box iiinkmg. the making of 
mabdies. Hic. 

Mixed with glv<“eiin, treacle, or glucose, it 
forms the eompi»sititm» used as suhsiitules for 
nibbiT and for printing rollers, stamjKs, &c. 
Mixed with treacle or glycei’in, it is emjiloyed 
in making the tnnnliar ‘ jellygrajdi.’ 

It is also used m pliol(>gra})hy. and as gelatin 
it forms jiart of Die raw materials of cookery, 

Gi.rio Tkstino. 

The testing of gltu' has ndation to tlio ; 
propertiex reipiired for the particular jiurposo 
to which ilie glu<5 is to be jnit. Gi'iieraf rc- 
(luiroinent^ are tenacity, adhesiveness, and 
keeping jiower. 

‘ Chemical tests. (1) Moif-lurr (Jdfrmiimlion. 
—^The sampk' of gliK^ is reilueed to shavings by 
means of a ‘ spoki'-Hhave.’ and tlicse are ground 
to powder in a mortar j'bve grams are woiglied 
out on to a clock-glass and lined, first in the 
wator-ovon and t hen in a toluene bath to eonsiant 
weight. (Hues m this way yield 12 to IS p.c. | 
of moisture. A very low msult is not desiranlc, i 
as it shows the glue lias been over-dried and has 
little tenacity, while a high n'suH throws doubts j 
on its keeping quality. I 

(2) Atth .—A port ion of the glue is incinerated ' 
in a platinum eruejble, and the ash weighed. 
That from l>one glue fuses and gives, when 
taken up in dilute nitric acid, the phosphoric 
acid reaction with ammonium molybdate, 
whereas the ash from hide gluf does neith.'r, and 
is usually alkaline from the lime used in the 
preparation. The ash content of good glues 
vanes from 1*5 to 3'0 p.c. Glue.s weighted witli 
barytes, &o., and ‘ coloured glues,’ of course, 
yield more. 

(3) A^dity may be determined directly by 
titrating a measured quantity of, say, a 10 p.c. 
solution with standard alkali, using phenol- 
phthalein as indicator. Should the glue solu¬ 


tion be highly coloured, as is the case with some 
Scotch glues, fluorescein may be used jn its place. 
The volatile acids of glue may bo determined 
by dissolving 50 grams of the sample in water, 
and subjecting the solution to steam distillation. 
Tlio steam and vapour are led through a con¬ 
denser and receivi'd in a ve-ssel containing a 
known volume of standard alkali. After some 
3(H) e.c. hav(^ been condensed, the amount of 
aei<I absorbeil by tlie alkali is determined by 
titration. It is expresst il as 11 .SOj, and a good 
glue should not yield more than 0’2 p.c. 
(liamberi) 

(4) Fatty matters are (hderminod by extract¬ 
ing 5 grams of tlu' linely })owdered sample, 
contained m a capsule in the So.vhlet apparatus 
witli < tiher. 

( 5 ) Determination of the gelatin content by 
yield of nitrogen, Trotman and Ilackford 
(J. Soe. (4icm. Ind. 11K)4. 1072) give a process 
for the dct-i'inniiation ol tlie. gelatin present m 
glue. Tiicy point out that a ilireet determina¬ 
tion of nitrogen by Kjelduld's inetliod or soda 
lime distillation gives misleading results—owing 
to the presence of iieptonos, &c. (the decom¬ 
position jtrodiK'ts of gelatin) when it is multi- 
])lied l>y tlio factor 5 33 They consequently 

I precipitate the gelatin with zinc sulphate 
crystals, wiush tlie ])reeipitate with eoiieentrated 
/.me Kulplittte solution, and treat tlie product 
by the Kjeldald proce.ss. The amount of nitro¬ 
gen, multiplied by .5'33, gives the gelatin 
content . This method has been criticised by 
H. J. Wilson, but it ap]K'arH io difTerontiate 
between gelatin and the other nitrogenous 
ingritdients of glue. 

Estimation by precipitation with tannic acid. 

Stauilard solutions of juire gelatin (10 grams 
])ci litre) and of tannic acid (10 grams per litre) 
are inadi'. 'J’lie two are then titrated together 
until no further precipitate is produced. A 
weighed quantity of the sample is then titrated 
against tlie tannic acid, and thus its gelatin 
content determined. 

Stelliiig's metiiod of determining gelatin 
consists in precipitating tlic solution bv 95 p.c. 
alcohol, but owing to the partial solubility of 
gelatin in that inenatruuin, llideal considers it 
untrustworthy. 

((>) Water absorption. A very general method 
of testing glue consists in determining the 
amount of water winch it will abaoro. A 
weighi'd quantity of glue is covered with water 
at (15'5'T'.) and allowed to soak for from 
24 to 48 hours, according to the thickness of the 
cake, or until the cake is thoroughly saturated 
by the water, which can be judged by its colour 
and appearance. 

The cake is then remov'cd, dried superficially 
i with filter paper, and the increase of weight 
determined. Generally speaking, the greater 
the increase the better the glue, provid^ that 
the cake remains firm. Fine bone and skin 
glues will increase in weight 8 to 11 times, 
common glues 5 times, but some of the veiy 
common fish glues may liquefy completely under 
these conditions. In making this t^t, the smell 
ol the glue and the colour of the water should 
be noted, when valuable information as to the 
keeping qualities and probable sources of the 
glue may be gleared. 

Jelly tests. U) grams of glue are soaked lor 
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24 hours in water, and then melted and the 
solution made up to 100 c.c. The solution is 
cooled, and the strength of the jelly tested with 
the finger. It is quite possible to grade the 
various samples of glue with considerable 
accuracy by this method. 

Lljpoifltz shot test. If it is desired to liavc a 
quantitative expression of the strengths of the 
jollies yielded by a number of samples of glue, 
the samples containing 10 p.e. of glue may be 
run into cylinders of uniform width and allowed 
to set. The cylinders are then in turn covered 
with a lid, througii which, in a guide tube, passes 
a stout wire, to the lower end of which is soldered 
a convex disc, while tlio upper end carries a pan 
to carry weights or shot. The convex surface 
of the ciisc rests on the surface of the jelly, and 
weights or shot are added to the upper pan until 
the lower disc penetrates. The greater the 
amount of weight the jelly will carry, the 
greater is its (uuisistency. 

This metliod is largely employed, but. its 
value 18 only conijiarative. 

Strength of jelly. The writer has used a 
method tor some years whicli lie claims to giv(^ 
more reliable results. HO grains of glue arc 
soaked in water and, after melting, the solu¬ 
tion is made up l.o 100 c.c. and transferred 
to a vessel so that tlio doptli of the layer is 
to 2 inches. This, of course, may bo varied 
according to the vessels at command, but it 
should be the same for all the samples. While 
the solution is still warm, a circular disc of metal 
1 inch in diameter, to the centre of whicli is fixed 
a stout wire, is inserted. Halfpennira form 
convenient discs. The wire is kept in a vortical i 
position until the solution has jellied. The ! 
vessel is clamjied down and the wire attached to 
one arm of a stout balance. Weights arc then | 
placed in the otlior pan until the disc is lorn i 
through the jelly. The greater tins weight, the ! 
tougher the jelly and stronger the glue, 'rho ! 
test should bo repeated several times, and the | 
mean taken. A good glue under these con* i 
ditions requires over 10 lbs. to tear the disc | 
through the jolly. It is claimed lhak by this | 
method the variations due to the surfaces of t 
the glue jellies are obviated. i 

Hulbert (J. Ind. Eng. Chem. lOlH, 5, 235)! 
has described a simple apparatus for testing the : 
jelly-strength of glues (c/. Clark and Du Bois, j 
J. Ind. Eng. Chem. 1918, 10, 707). . I 

Melting - point of jelly. i5 grams of the | 
sample are soaked in 30 c.o. of water for 12 hours,, 
heated on the water-bath, and the solution ; 
poured into a wide test-tube in which a thermo- j 
meter ie inserted. In a similar tube, a solution | 
of a good hide glue (1:1) is poured, and both 
tubes are immersed in water at 15^ When set, 
the two tubes arc placed in a horizontal position 
on a shelf over a water-bath. Their melting- 
point is taken to be the temperature at whi^ 
the surfaces of the glue solutions leave their 
vertical positions (Kissling). 

According to Sammet (J. Ind. Eng. Chem 
1918, 10, 595), comparison with standard glues 
shows that the melting-point may be .tak(m as a 
measure of the jelly-strength. 

VlflRHUlty ot jelly. Eels (J. Soc. Chem. Ind. 
190], 139) recommends that the viscc^ity of a 
15 p. 0 . solution of glue at 30** sAouId be tested in 
^ IBngler viscosimeter, on the w»amption that 


the greater the viscosity the stronger is the 
glue. 

Rideal uses a modified form of the Slotte 
instrument (J. Soo. Chem. Ind. 1891, 615), and 
uses 1 p.e. solutions at 18^ 

A simple way of carrying it out is to run 
the solution from a burette; the time taken 
for 50 c.c. to flow is taken as a measure of its 
' viscosity. Supposing 25 secs, are taken by water 
at that temperature, a I pc. solution of a strong 
j glue will take 32^4 sih's. ; a medium glue, 
28-30 sees. ; weak glues, 2l)-27 sees. 

I Tensile strength of glue. Many methods 
have been suggested sucli as Bauschinger’s, 

I Kissling’s, and Rideal’s. Uidoal has devised 
: the following mctlK*d :— 

Two plane surfaces of biscuit porcelain, 
ground so as to lit, I sejuaro inch in ore*, are 
soaked with a solution niadi* up of 1 part of glue 
m 2 parts of watiT at 70” for 30 minut(«; they 
are placed togetlior, weighted with 5 lbs., and 
kej)b for 5 days in a cool room. They arc then 
lixed in a testing machine, and the weight 
rHieossary to tear them asunder is determined 
i {cf. Gill, J. iSoc. Chem. Ind. 1915, 292). 

I I’he writer has useil with success a slightly 
, tnodilied form of a metluul originally snggest-od 
by Millar (d. Soc. Chom. Ind. 1899, 10). 10 p.e. 

solutions of tlio glues to bo tested are made up. 
Strips of filter or other paper are cut, 1 inch 
in width and about 18 inches in length. Thc«e 
aro dipped in the solution at about SO'', and then 
hung up to dry. When the first coat has dried, 
they are again immersed in the solution and 
allowed to dry, the portion that was lowest being 
placed at the top, so that as far as possible a 
uniform layer of glue is produced on thoir sur¬ 
faces. Aft<‘r air-drying, the strips are heated for 
I hour in the water-oven. Two or three lengths 
of 3 inches are cut out of the central portion of 
the strips. ’ Tlie.se arc then separately tested by 
fixing between two indiarubber-covored clamps, 
one of whicli is fixed to the table and the other 
attached to the beam of a strong balance, the 
balance with the clamj), of eoureo, being firet 
counterpoised. Weights are added to the other 
pan until the paper breaks. A blank test is 
then made with blic unsized paper, and this is 
deducted. Several experiments should bo made, 
and the mean taken. A good glue should 
require some 9 or 10 lbs. when tested in this way 
to break the sized paper {cf. Gill, J. Ind. Eng. 
Chem. 1915, 7, 102: Kudeloff. Mitt. K. M. 
Matcrialproof, 1918, 3fi, 2 ; J. Soc. Chem. Ind. 
1918, 37, 743, A). 

Foam test. Trobnian and Hackford (J. Soo. 
Chom. Ind. 1906, 104) recommend the following 
procedure : A graduated tube, 70 cm. in length 
and of such a diameter that each 1 cm. in length 
has a capacity of'l c.c., is half filled with a 10 p.o. 
solution of glue and placed in a water-bath. 
The temperature of the bath is maintained as 
nearly *aa possibft at 00°. The tube is then 
corked, vigorously shaken for 1 min., and the 
top of the foam layer read off. The line of 
demarcation between the lower level of the 
foam and the liquid is too undefined to alldw of 
I reading, but that of the upjwr layer is constant. 

I The peptones present in glue increase its tendency 
j to foam. 

The test is of importance for oertwn uses of 
' glue, such as its application in venoorit^. 
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(Jcncral nmmh oh ihe tC6ting of glue. —Of animal protpitls. Abdcrhaldcn 1913, 88, 
eoume in oai h cjimc, iih alrea<ly Htat(‘d, the tests' 478) found it in blood; Monti (Chom. Zentr. 
applied should refer directly to the uses to which , 1912, 1, 501) in tomato conserve; Kossol and 
the gluo is to h(‘ put. For venoenng and general j EdIbacker{Zeil8( h. pliysiol. Chem. 1916,94,264) 
joiner’s wurk, for bookhinding and the like, a | in ecliinodorm; Meisenheimor in yoost (Chem. 
glue should have good tensile strength, little j Zentr. 1911), ii. 1259). Osborne and Gilbert 
loaniing ])Owi'r and good keeping (pialities. It j (Anier. J. Physiol. 1900, 15, 333) showed that 
should alsi) show a good jelly test and be free j the yield of glutamic acid from animal pro- 
from gn-iise, or )t may give \meven joints. The I teid matU*r varies from 7 to 10 p.c., whilst 
glue for use in the si/,ing of canvas and tlie like j in vegetable proteids (with the exception of 
should show a good strength of jelly and good j leucosine of wheat, 5’7 p.<'-), the yield is 
tiuisile strenglh : foaming power and grease are j larger, 12 to 37 p.c. A fruitful source of 
ol l(;ss iniporlanee. h’or the nrcjiaration of ilis- j glutamic Ocid is lu‘et-root inolassea ; Haber- 
tempers, the gn^HHc eoidcnt should be low, as it I inann (Annalen. 1H75, 179, 248; Scheibler, 
may give rise to ‘lloeks’; tlu^ keejung power! Her. 1884,17,1725 ; Andrllk, Zeitseh. Zuokerind. 
should be high, but. the tensile stnmgtli and ' Hohm, 1903, 27, t)()5) obtained it. to the extent 
strength of jelly are of less imjiortancc. I of 7 ji.e. on the dry solids of the inolaasea lye. 

The specitications and tests of glue adoj»ted , Kukscher (Zeitseh. physio), (dicm. 1809, 28, 
by the AmiTiean .So<-iety for M’esl.ing Matei'ials, 123) iHolat.<'d glu1.a.mic arid from the products of 
1914, are as follows : S[i(‘eilieations for checking hydrolysis of casein by sulphuric aeid, by jireei- 
tho (piality nf eabmet glue, should bo based pitating tlu" larger jiart of the organic basc.s with 
upon tlu' viscosity, jelly-HtTength, odour, reiw- pliosjilmlungstie acid, and removing the excess 
turn, grcasi‘, foaming, ash, moisture, and of sulphuric and phosphotungstie acids from the 
ap})earanee. The glue should be chian and free iiltrab' by means of baniun hydroxide; the 
fi'Diii an c\e(‘.-.Miv(! number of air Imbbles. tiie l(‘U(;ino and tyrosine crystallised out of the fil- 
]u-esenee of the latter indicating dceoruposit uui I rate, and from the motlier iKpior the aspartic 
during manufai’tiire. About <> ji.c. of ash is and glutamic acids were separati'd by the differ- 
t-hc jH’i niiKsible maximum ; the (juantity usually cnee insolubility of tlieir cojipi'r salts. Glutamic 
found lies bedween 2‘3 and 4'5 p c. The glm* mud may bo jircpared from its hydrochloride by 
.should be lu'utrnl, or jiract ically so to litmus passing ammonia t hrough tlic solution and eva- 
najjer, ’IMie iellv-st rength is best, ase.ertaiiied , porat.ing to dryness; the greater part of the acid 


by sl^'opmg the gluo in (S)ld water for lb liours 
and then melting it. at. Kit*' l'\ (7rt'.), the pro¬ 
portions of glue to watm* being sueh t hat the 
resulting jelly will contain from 7 to 10 p.c. of 
gluo (7 j).e. m ilu' case of highcr-pradc gliU'S and 
10 i).c. for lower (jualiiics). The jelly is then 
cooled to about 4r>’]<\ (7‘C'.) and its lirnmess. 
judged by pressing with the fingers, is com- 
jiared with that of a jelly prepared from a 
staudaril samjih'. V'iscosity is aetcTiiiined at 
30''0. in an Eii'_der a viscometer, using a 15 p.c. 
gluo Solution : tlio time of How for a high-grade 
glue is about 350 seconds. Glue should not 


may be separated by frai tional crystallisation, 
the remainder precipitati'd by alcolif»l (Abdor- 
halden, Zeitseh. physiol. Ghem. 1912, 77, 75). 

For its isolation from molasses, nee Stoltzen- 
berg (Hit. 1913, 40. 557), who obtained the 
hydrochloride: Andrllk (Zeitseh. Ziickerind. 
Hohm, 1915, 30, 387), who obtained the acid 
from aqueous solution by means of tartaric 
sulphuric or jihosphoric acid 

Siegfried and Schmidt (Zeitseh. phyaiol. 
Chem. 1912. 81,201) prepared the acid by means 
of the insoluble normal barium salt. 

Ikcda and Suzuki (U.S. Pat, 1015891) sepa- 


contain any fatty siibstanco, as determined by ! rate glutamic acid from other hydrolysis products 
hpat iug tlie ghu‘ solution with hydrochloric acid i f(f albuminous substances by electrolysis ; ace, 
and extracting the cooled mixture witli etber. | also, Schcermessor (Pharrn. Zeit. 00, 487) ; 
Excessive foamiuir is undesirable ; 300 c.c. of a | Gorti (J. Soe. Ghem. Ind. 1917, 30, 979; Eng. 
10 p.e. glue solution are luxated for 1 minute to Pat. lOOOHI, 1916). 

150^F. (05‘’(k) in a Waker of about 2'5 inches ; por the quantitative estimation of glutamic 
diameter, when the layer of foam produced I acid in tlic products of protein hydrolysis, see 
should not exceed 0’25 incli in depth (J. Soo. . Foreman (Bio-Chcra. J. 1914, 8, 405), 


Chem. Ind. 1914, 33, 1021). 

Hy. I. 

GLUOTOL i. Synthetic miuns. 

GLUTAMIC ACID, a-Aminoghdark add 
Gt),H-GH(Nll,)CH2-CH,-CO,H 
was discovered by Ritthausen in 1800 (J. pr. 
Chem. 11 ] 90. 0, 454) among the products of the 
hydrolysis of wheat gluten by sulphuric acid, 
and hence called by him ghdatn'tnk add.,. Subst*- 


Glutamic acid contains an asymmetric carbon 
1 atom, and the dextro- and liBvo-rotatory and 
j the racemic variety of the acid are all known. 

. d-Glutamic acid, the naturally occurring 
i compound, crystallises in tlie rhombic system 
\n:h : c-0*f)868 : 1 :0-8548 (Oebliekc, Ber. 1884, 
17, 1725); m.p, 208° (213° corr.) with de- 
composition (Fischer, Ber. 1889, 32, 2451); 
224°-225° (corr.) decomposes (Abderhalden, 
Zeitseh. physiol. Chem. 1910, 04, 450)_; 211° 


(luontlv, Ritthausen and Kreuslcr (J. pr. Ohem. ; when heated rapidly (Skola, Zeitseh. Zucker- 
1871,121 3, 214), Gonip-Bcsauoz (Ber. 1877, 10. 1 ind. Gechoslov. 1920, 44, 347), is siwnngly 
780), Schuizo (Zeitseh. pliysii)!. Chora. 1892, 9, ■ soluble m water (the solubility is raised iii 
253)k and Wroblewski (Bor. 1898, 31. 3218) ; pre-sence of alkali and alkaline earth salte 
showed that it was formed by the hydrolysis of: (Pfeiffer, Ber. 1916. 48, 1938), iMoluble m 
other vegetable protcitls; and Hlasiwetz and | alcohol or ether, and is practically msolubte in 
Haberraaim (J. pr. Gliem. 1873, [2) 7, 397), j cold glacial acetic acid. It is dextro-rotatory 
Panzer (Zeitseh. plmiol. Ghem. 1897, 24, 138), j in aqueous solq/iion, [a]^°+12*04°. According 
Abderhalden ancf Fuchs {ibid. 1908, 67, 339); . qi-oo 

isolated it from the products of hydrolysis of ^ Abderhaldea and Kautss h, [o]jp + 
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(Zoitiich. physiol. Chem. 1910, 64, 450). Fischor 
(Ber. 1899, 32, 2470) gives 30*85*^. increasing 
amounts of strong acid canso a continuous | 
increase of the specific rotation, which tends 
towards a maximum. The addition of bases • 
first changes the de.vtro- into loevo-rotation, 
which attains its higlicat numerical value with 
the formation of the acid salt, further quantities 
of base convert the lajvo-rotation again into a 
dextro-rotation. With load liydroxide, no 
change in sign of the rotation taken place (Andr- 
Hk, Zoitsch. verein, dcut. Zuekerind, 1903, 672, 
948; see, also, Peilet. tUiem. Zontr. 1911, 1, 
1766). Glutamic acid is converto(f into I- 
pyrrolidonccarboxylic acid to a largo extent 
when its aqueous solution is boiled also to some 
extent at the tempcTuture of the water-bath. 
After boiling a 2 p.e. aqueous solution for 100 
hours, 90-9.> p.c. of glutimic acid (pyrroli- 
dono-2-carboxylic acid) is formed (Skola, Zcitsch. 
Zuekerind. Cochoslov. 1920, 44, 347). About 
8 p.c. sulphuric acid and about 3 p c. hydro* 
chloric a<‘id present in the solution inhilut 
the change; the renrse change occurs on 
boiling i-pyrrolidoriecarboxylic acid witli strong 
hydrochloric acid (Foreman, lho-(!hein. J. 
1914, 8, 492); sn\ also, Fisclier and Bcehncr 
(Ber. 1911,2,1332). Stanek(Zeitsch. Zuekerind. 
Bohin, 1912, 371), on h<‘afing the a(juoous solu¬ 
tion above 200^, obtained d/ glulimie acid, below 
that temperature f-glutimic was tlie chief 
product. 

A solution of d-glutamic aeid (1 : 22,000) 
gives a eharaetenstic colour reaction with tri- 
ketohydrimlene (Abderhalden and Schmidt, 
Zeitflcli. physiol, ('hern. 1913, 86, 143). 

When glutamic acid is administered as a 
food, 96 p.e. IS absorbed, a portion being use<l j 
up in pruleid synthosis, and the rest oxidised to ' 
urea (Amlrlik and Velicli, Zeitscli. Zuekerind. ; 
Bohm. I9l)8, 32, 313); its administration to | 
phloridzinised dogs leads to increased elimina¬ 
tion of dextro.se m the urim^ (Warkalla, Boitr. 
Phys., 1914, 1, 91). 

For its catabolism in the animal organism, 
see Kingor, Frankel {J. Biol. Chom. 1913, 14, 
541). According to Koxas (J. Biol. Cliem. , 
1916, 27, 77). it retards the action of tyrosinase I 
on polypoptidos. 

Glutamic acid is decomposed by the action of 
bacteria, yielding w-butyric acid, together witli 
small quantities of succinic and formic acids 
(Braach and Neuberg, Biochera. Zeitsch. 1908, 
13, 299, also under the action of certain micro¬ 
organisms, yielding y-aminobutyric acid (Acker- 
mann, Zeitsch. physiol. Chem. 1910, 69, 273; 
Abderhalden, ibir}. 1913, 85, 131). It breaks 
down under the action of sunlight to propalde- 
hyde, ammonia, and carbon dioxide ((janassini, 
Giora. Farm. Ghim. 1912, 81, 220). When 
oxidised by hydrogen peroxide, it yields succinic 
acid (Dakin, J. Biol. Chem. 1900, 5, 400); and 
yields y-hydroxyglutaric acid (glutanic acid. 
q.v.), when treated with nitrous acid (Ritt- 
hausen, J. pr. Chem. flj 103, 239). Natural 
d-glutainic acid is converted by nitrous acid 
into l-a-hydroxygltftaric acid, and by nitrosyl 
chloride or hyc^chloric acid and nitrous acid 
intof-a-chloroglutaric acid, which in turn yields 
d-o-hydroxyglutaric (Fischer and Moreschi, Ber. 
1912, 45, S^7). • 

For electrolytic diasotisatiun of, the acid, 


sec Krauss (J. Amer. Chom. Sue. 1917, 39, 
1427). 

d-Glutamic acid forms normal and acid salts, 
the latter being the more general. Of these, tlio 
sodium C 5 H 804 NNa, potassium OiH^O^NK, 
aikium ((’ 6 H^ 04 N)jCa, barium (C 5 H 804 N)gBa, 
lead ((•ftHgOjN)^?!^, are crystalline and hygro¬ 
scopic. The calcium salt is converted to 
calcium jiyrrolidone carboxylatc on heating to 
180'^-185 ’ (Abderhalden, Zeitsch. physiol. Chem. 
1910, (>4, 447); it is precipitated quantitatively 
from aqueous solution if suflleicntly concentrated, 
(Foreman, Bio-Ciiem. .7. 1014, *8, 479). The 
. normal barium salt is almost insoluble in water 
(Siiigfricd and S<iimult, Zcitsch. physiol, ('hem. 
1012, 81, 261). Tiio glutamates of general 
formula (' 5 Trf,(> 4 NM' an* largely soluble in 
water and have a characteristic taste. The 
' manufivcture and consumption of the sodium 
salt IS general in .7aj>an. Japanese seaweed, 

1 which iH usi‘d for its flavour, has this taste 
(Ikeda, Olig. Com. Hth Intern. (Vmg. Appl. 
Chem. 18, 147). The normal ammonium, salt 
{NH 4 ),C 6 H,() 4 N Io.se.s NH 3 at 110‘'-115^ and 
I forms "tlie acid salt (NH 4 )(l 6 H 8 () 4 N ; falp about 
■ 3-6'' (Schulze and Trier, Ber. 1012, 45, 257). 
The blue copper derivative 

(Call, 04 N) 5 , 4 CuG, 7411^0 

is crystalline; zhie, and eatlmium salts, and 
cobait and nickd derivatives have been pro- 
. ])arcd (Hugounciiq and Florence, Bull. Soo. 
(.Jiiin. 1920 livj, 27, 750). The copper salt 
, (' 6 ll?G 4 NCu,]lfjO is amorphous and greonish- 
I lilue, and dissolves 111 400 parts boiling 
j water (Wolff, Annalen, 1800, 200, 79); the 
sih'cr salts (J 4 H, 04 NAg 2 and 06 Kg 04 NAg arc 
white insoluble powders; the ferrous salt is 
obtained when glutamic a<'id is boiled with an 
excess of iron powder in an oxygen-freo atmo- 
spliere (Hotfinann, J). R. P. 264390); the 2 »wc 
salt is basic (C 5 H 404 N) 2 Zn,Zn 0 ; tho mercuric 
salt a heavy crystalline ])owdcr decomposing 
20H‘^-209'' (llabermann, Annalen, 1871, 170, 
248; AbderhaUhm and Kautzsch, Zeitsch. 
physiol. Chem. 1910, 64, 447; 68, 487; and 
ibid. 1912, 78, 333). Tho hydrochloride hus 
m.p. 202'" (dccomp.), or, heated quickly, m.p. 
210'’ (Abdcrhahlcn, Zeitsch. physiol. Chom. 
1910, 64, 4.W); [ol®‘'°+2.'i° (iW.): or 24-5“ 
(Fischer and IJoehncr, Ber. 1911, 44, 1334). 
For crystallography of hydrochloride, see Kap- 
lanova (Ahh. Bhdra. Akad. 1915, No. 23, 8 pp. ; 
from Jahrb. Min. 1917, 1, P^3). The strychnine 
salt has ra.p. 225°-230" —25'6''; the brucine 

salt has m.p. 240’ —23'"(Dakin, Bioohem^ 

J. 1919, 13, 398). For tho imido-orihophos- 
; phoric ester (^K, 4 (),NP of glutamic acid, see 
I Langhold (Ber. loil, 44, 2076). dl-Oluiamic- 
: picrolonale cry8talli8{*s in line short spindles 
! which ^deconiposg 184'", d-glutamio picroionate 
' bas 85*" (Levcrie and van Slyke, J. Biol. 

; Chem. ]9I2, 12, 127). The ethyl ester 

\ C 6 Hj(CjjHj) 04 N is tTystalline, and melte at 
I IS^*^ (Monozzi and Appiani, Gazz. chiim itaL 
I 1894, 24, i. 384) ; the diethyl ester has b.p. 

1 139*-140°/10 mm., sp.gr. 1*0737 at 17®, and 
i [ol|“"-l-7-34 (t^schor, Sitzungsber, Akad. Wis». 
Berlin, 1900, 48, 1002), 



424 


GLUTAMIC ACID. 


Glutamic acid forms a soluble benzene sul* 

a derivative, S0jPh’NH(C,Hj)(C08H)j 
, Ber. 1890,23, 3196); and the following 
acyl derivatives arc described by Fischer (Ber. 
1907, 40, 3704), Fischer, Kropp and Stahl- 
schmidt (Aniialcn, FK)9, 3(55, 181): l-leucyl-d- 
glutamic ac.ul 


oHMcj ('Hj-('H(NHj.)'C0-Nii'CH(r()2n)-cn2-cn2C08H,; 
Ip. 232” (drcomp. coir.), has |a1jj* +10*5'^ in 


193® (decomp.) (Wolff), 200° (Abderhalden and 
Kautzsch, Zeitech. physiol. Chem. 1910,68,487)* 
and is crystallographically identical with the 
hydrochloride of the d-acid, a:b : c==0*8873 : 
1 : 0’386r> (Wolff, ^.c.). 

When r-glutamic* acid is heated at its melting- 
! point, it decomposes, yielding 'pyrrolidonemrhoX’ 


N/1 -11(3, forniH soluble sodium and barium saUs, 
the HilviT salt bi'ing sparingly soluble ; cJilor- 
acclyl-tl-ffliiltimlr acid 

cir,(n(M)-NH-nf((H),H)-cir/(’ir2-c(>2H, 

111 .]). I4;r («ii'r.), [al““ -Ki rr (±0-2'’) in 
a(xu<toiiH solution, yields (jlyryl d-ghifamic acid 

in.p. 178” (eoiT), chloracctylglut- 

a my Id ighjciiicdiilh yl i .stir 

till,! 11 i}?m ' _.,iii^.(<0-Nlf-CM,-('(),Kt 

ni.j). (corr ), yields on liydrolysis chlor- 

acrlylyhttamyldtylyrinr ('iiU,fl 07 N ,(3. in.}*, 

(doiionip rorr.), and yields on treatment 


•73 . . 

with aipieouH ammonia ylyiyhjlutamyldiylyciiic 
l\,lli«jG 7 N 4 . m.p. 248” (eorr.). Phcvyhcctyl- 
ijlulamic acid ('ijHniGjN, microscopic needles, 
has m.p. 123 |a|(, - IlF in 3-10 2 >.c. aqueous 

soluliioii; t he hrucine salt 

luvs la||) -1’37‘ ('rinerfcrlder, ISherwin, Zeitsch. 
physiol. t;hem. 1915,94, 1 ; Ber. 1915,47,2(530}. 

r-GlUtamiC acid has been synthesised by 
Wollf (Annaleii, 1890, 2(50, 79) from bevulic 
acid. (Jlyoxylpropionic acid 

obtained by boding dibroinoUevulic acid with 
water, reacts with hydroxyliimino to form 
y8-di».s'onitr()sovaleric acid 

(JH(N(>H)C(NOir)Clf2 CU. CO.H, 
from which {.sonitrosocyanobutyric •'^•id 
CN-CXNOni-ClIa-CH.-CO^H 
is obtained by hydrol^'sis with sulphuric aeid 
and 8ub8e<iuent treatment with cold sodium 
hydroxide. Wlicii t.sonitrosocyanobutyric aeid 
is hydrolysed with boiling alkali, it yields i»o- 
nitro8oglutaric acid 

COjHC(NOH)CH2{m3(:u,H, 
and this is reduced to inactive glutamic acid 
(!O,HCH(NHj) 0H2'CH2C0,H 
by tin and hydrochloric acid. r-Glutamic acid 
can bo prepared from the dextro- isomeride by 
heatii^ it with barium hydroxide (Schulze and 
BossWd, Bor. 1885, 18, 388 ; 'Schulze, Zeitsch. 
physiol. Chem. 1892, 0, 253). 


(JH,Cll2v 

I 

'riiis eonipouiul has m.p. IH2'’-183®, and is 
identical with tlie pyroglutamie acid obtained 
by HaiA'nger (Monatsh. 3, 228) by heating 
d-glutamic acid, and also, with the glutimic acid 
of Scliut/.enberger (Ann. (’him. j5| 10, 372), 
obtained by decomjiosing albumin with barium 
hydroxide at 180° (compare also Abderhalden 
and K%ut7.sch. Zeitsch. pliysjol. Chem. 1910, 
(58, 487). r-Bcnzoliyflidamic acul crystallises 
with IH.O, m.p. l‘52‘M53° (155”-157° corr.), 
and IS soluble m 124 jiarts of water at 20° 
(Fischer, Jbir. 1899. 32, 2451). ('hloracctyU 
r-<jlutamk acid has m.p. 123‘''; gh/cyl r-gluiamic 
acid is a hygroscopic jiowder, and forms a copper 
■salt crystallising witli 3.]|H20 that decomposes 
at 223 ’ (corr.) (J^'ischer, Krojip and Stahlschmidt, 
Annalen, 1909, 3(55, 181). 

/-Glutamic acid. When j- glutamic acid is 
orystallised from water, right- and left-handed 
enantiomorjihous crystals are di^iosit-ed, but 
this fact cannot convenumtly be utilised for 
; the prop.araticm of the /-isomeride ; this was, 
however, effected by the cultivation of Peni- 
cilliiim ghuemn in a solution of tho r-acid, 
whereby the d-acid is disstroyed and tho /-acid 
remains in .solution (Menozzi and Applani, Gazz. 
chim. ital. 1894, 24, i. 370). Fi.scher (Ber. 1809, 
32, 2451) resolved r-beiizoylglutamic acid by tho 
fractional crystallisation of the strychnine salt; 
honzoyld-glutamk acid has m.p. 130"-132° (corr.), 
dissolves in loss than two parts of water at 1(M)°, 
or 21 parts at 20°, and has [a]j)+13‘8l° in 5 p.o. 
aqueous solution, and the potassium salt has 
fajj —18'7° : it yields l-nlutaniic acid on hydro. 
Ivsis, and this is identical with tho d-isomeride, 
except that it has —30 05°, whilst tho 

d-acid has d-30'45°. 

l-Pyrrolidonccarhoxyhc acid, obtained by 
heating d-glutamic acid at 150°-160°, forms 
large colourless orthorhombic crystals, m.p. 
162°, a :h\c -15034 : 1 : 1’6292, and has [ajp 
—115° (Menozzi and Appiani, (Jazz. chim. ital. 
1894, 24, i. 370; Abdernalden and Kautzsch, 
Zeitsch. physiol. Chem. 1910, 68, 487). For 
tho conversion of glutamic acid or pyrrolidone- 
carboxylic acid into proline, see Fischer and 
Boehner(Rer. 1911,44. 1332). 
)3-Hydroxyg]utamic acid 

C02HCH(NH8)CH(0H)CH8C0aH 

has been isolated from the products of acid 


Glutamic acid crystallis^ from hoi water hydrolysi.s of caseinogen ; it crystallises in 
in rhombic plates, a : />: r=0'7454 : 1 : 1’2307, ' gtout prisms, has about +0-8° in 4p.c. 

m.p. 199° (decomp, corr.), dissolves in 66*7 parts ^20'^,i/.f>o • a 

water at 20°, and is sparingly soluble in ether, j aqueous solution, and [o]d -flOS m 2 p.c. 
alcohol, carbon disulphide, or light petroleum. ^ hydrochloric acid solution. On prolonged 
The copper salt CjH7O4N0u,2jfHjO Conns blue | heating at 100°-110° over phwphorous pent- 
needles, becomes anhydrous at 135°, and is not 1 oxide it yields hydroxypyrrolidonecarboiylio 
soluble in leas than 1000 parts of boiling water. | acid. It yields sHwTt copper, mercury, kad. 
The hydrochloride crystaUises in needles, in.p. ‘ cadmium, zinc, calcium, and barium suts, Mkd 
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gives a diethyl ester. The etrf/chnine salt has l 
m.p. 246°, [a]|®”—26*3°. The 6 r«cinfi salt has 


[a]^ —26*0° and decomposes at about 200 °. j 
The synthesU of the compound from glutamic ! 
acid has beon ehectod (Dakin, Biochem. J. 
1918, 12, 290; 1919, 13, 398). M. A. W. 

GLUTAMINE OU 2 l£(.' 3 H 6 (NK,)GONH, is 
the half amido of glutamic acid. It wjta dis¬ 
covered in 1877 by Scliulzc and Uiich (Her. 10. , 
85) in tlie juice of young pumpkin plants, and ' 
isolated from beet root sap hy Sclmlzo and ■ 
Bosshard {ihid. 1883, 10, 312), one litre yielding 
0*7 to 0’9 gram of glutamine ; .yec, rt/,so,fSmolenski 
(Ohem. Zentr, 1911, 1, 518, from Zeitscdi. Vor. 
Btsch. Zuckerind. 1!)10, 1215). It appears to 
replace its homologui' asparagine in some natural 
orders, c.g. Caiop/n/luiria:, (hucifocc, and 
Filiccs, where it occurs in the leave.s, seedlings, 
roots, and tubers. The greatest amount of , 
glutamine found in seedlings is only 2'5 p.<*. of ’ 
the dry matter winch is much less than the ; 
amount of asparaginic found in leguminous i 
seedlings, but it is prohahie that, owing to (be i 
diflicultios of separating gliitamini', iJie jilaiit j 
contains at least twice as much as is actually • 
isolated (Schulze, Zcitscli. physiol, ('hem. 1894, I 
20, 327; 1897, 24, IS; licr. 1890, 29. 1882; | 
Landw. Versiiclis.-Sta(. 1898,49,442: Didcano, j 
Zcitscli. physiol, Gliem. 1912, SO, 79). (Uiita- ; 
mine occurs with aspiragino m the juice of ■ 
ripening oranges (Scurti and Do Olat^o, (liem. i 
Zentr. 1908, n. 10, 1370); for dislrihulmn in 
plants, sPCy (lU'i, Slii'gcr (Zcitscli. plwsiol, (!licm. 
1913, 8 (i, 245) According to Thiorfeldcr and ^ 
von Cramm. glutamine is a component of the j 
protein molecule (Zeitscli physiol. Chcin. 1919, 
105, 58). 

Glutamine crystallises iii needles; it dis¬ 
solves in about 25’7 iiarts of water at 10° 
(Schulze and (Jodet, Landw. Vi'rsuchs.-Stat. 
1907, 67,313), and is sparingly soluble in alcohol. ' 
It behaves as a very wijak acid towards indicators 
(Ollier, Chern. Zentr. 1904, i. 789), Glutamine 
is dextro-rotatory m aqueous solution, seven . 
specimens from various vegetable sources were ' 
found to have [alt, between -{-l'9° and -b9'5°, 
the differences being probably duo to the j 
presence of the two stereoisomerides in varying , 
proportions (Schulze and Bosshard, Ber. 1885, 
18. 390; Sollier, Chom. Zentr. 1904, i. 789; 
Sohidze, Ber. 1906, 39,2932 ; Landw. Verauchs.- 
Stat. 1906, 65, 237). Schu'zo and* Trier (Ber. 
1912, 46, 257) found that a 4 p.o, aqueous solu¬ 
tion of glutamine, obtaiiieil from its purified 
copper salt, has [a]p*^'’4-6°to+7" ; a 7-8 p.c. 
acid solution (5 p.c, hydrochloric acid) lias. 
[(,] 20 °_p 3 lo ^.-32°; comj>are Pellct(Chem. Zentr. 

1911, 1, 1766, from Zcitsch. Zuckerind. Bohm, 
35 , 437), who recommends estimating the rota¬ 
tion in hydi'ochloric acid solution. 

The estimation of glutamine is best effected by 
Scbldiing's method (Schulze. J. pr, (Jhem. 1885, 
[2] 31, 233), as the —CO'NHj group is com¬ 
pletely hydrolysed when distilled with magnesia 
under the ordinary pressure, but if the pressure ; 
be reduced sufficiently to cause the solution to 
boil at 40°, hydrolys is does not take place, and 
under these conditions ammonium salts mav be 
completely removed (Sellier,^BnlL 8oc. chim, ; 
Soor. Dist. 1907, 25, 124 ; Schuizo, Landw. 


Vereuch 8 .-Stat. 1906, 66 , 237). For the cats, 
holism of glutamine in the oiganism, see Thier* 
felder and Sherwin (Zeitech. physiol. Chem. 
1916, 94, 1); also Sherwin, Wolf and Wolf 
(J. Biol. Chem. 1919, 37, 113). 

Owing to the feebly acidic character of 
glutamine, very few salts have been isolated: 
the copper derivative, Cu(C(H» 09 N)|)t, forms 
bluish violet crystals, the cadmium derivative, 
Cd((‘ 5 H,() 3 N 2 )«, forms line prisms; and is de¬ 
composed by boiling water. Glutamine forms a 
compoiDid with tartaric acid, that separates in 
largo tran.sparcnt crystals (JSchulzo and Godet, 
Landw. VersucliH.-Stat. 1907, 67, 313). Phenyl- 
aeetylglutamino has [a|]>~18° in 2-4 p.c. 
aqiiciuis solution ; the specilic rotation decreases 
in hydrochloric acid solution (Thierfoldor and 
ISherwin, t.c.). For a description of dipeptides 
and tripeptides containing glutamine, see Thier- 
folder and von Cramm (Zcitsch. physiol. CTie'm. 
1919, 10.), 58); also Abderhalden and Spinner 
(Zcitsch. physiol, (diem. 1919, 107, 1). 

By the action of alcoholic ammonia on the 
cater of d- or Z-glutamic acid, the amide of the 
corresponding pyrrolidonocarboxylic acid is 
formed ; these are called glutimidee by Monozzi 
and Appiani, and the dextro- and loBVO-rotatory 
and tlio racemic variety are described. 

CIl/CU. 

(Z-Glulimide I ^CHCONHj.HsO 

crvatalhses in ncedlcH belonging to tlie anorthic 
HyKteiii, a : b : c-l *403 : 1 ; 1 *421, j 8 = 86 ‘S 6 ° ; it 
has m.p. 165°, and [alj)+41*29°. l-Olutimidc hos 
[alj)—40°, and has the same melting-point and 
otlier ])ropertie 8 as its doxtro-iaomerido. 
r-(;lluiimidc is formed when Z-glutimide is hosted 
witli alcoholic ammonia at 140°-150°, or alone 
at 200°; it has m.p. 214°, and crystallises in 
the ortho^ibombic system, a : & : c==0'8863 : 1 
0'38()6 (Menozzi and Appiani, Atti. R. Accad. 
Line. 7, i. 33 ; (Jazz. chim. ital. 1894, 24, i. 370). 

M. A. W. 

GLUTANIC ACID, a^kijdroxyglutaric acid, is 
formed when nitrous acid reacts with glutamic 
acid (Markownikoff, Annalen, 1876, 182, 347); 
it occurs in molassiw, and was isolated in the 
form of the zinc salt from the ethereal extract of 
the product of the action of dilute nitrio acid 
at 70° on casein (Habermann and Ehrenfold, 
Zcitsch. physiol. Chem. 1902, 36, 231). The 
zinc mil CsH^OjZn.SHjO and the magnesium 
mil C 6 H«() 5 Mg, 4 H 20 are well defined 
(Markownikoff, Z.c.). Tho free acid has not 
been isolated, but forms buiyrolctcione-Y'Car- 
Clf.'CHov 

boxyliv acid 1 ^jCH'COuH, m.p. 49°-J50°, 

CO-0—/ 

when an aqueous solution is evaporated at 100 ®, 
and tho resulting syrup allowed to ciystalUse 
over sulphuric acid. 

Eiiiyihutyrolaslonecarboxylaie 

CH 3 CH 2 . 

I X^HCOjEt, 

CO—0-/ 

prepared by the action of epichlorhydrin on. 
ethylsodiomalonat'C, is a colourless oil, b.p. 
176*^/26 ram. (Traube and Lehmann, Ber. 190l, 
34, 1971). 

Natural d-glutamio acid is converted by 
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nitrous acid into i-u hytlroxyglutaric acid, which | 
has a vcr^ small Ijovo-rotalKtii. '1 he sodiwm salt ■ 
has -- 8‘l»5 ' Nitrosyl cliloride transforms ' 
/•a-hydroxyj;lutario acid into Z-a-ehloroglutarie ^ 
aci<l, in.|). Oil' (corr.). -“12 5’. and this 
yii'lds d a-liy(Iro\yjr)utaric acid 
(Ki'-chcrand Moroachi, Her. 1UI2,4r), 2447). The 
Walden inversion in the ease of a-hydroxy- 
glutanc acid and its derivatives, has hi'cn , 
examined by Karrcr and Kaaso (Helv. Cliim. 
Acta, Ihlih2, 4;}(;). M. A. W. 

GLUTARIC ACID Cllntane acid [ 

ami its alkyl ilenvalives, when licated. hteak ' 
down into anliydrides and wati'r. The anhy- j 
dridt's readily yiidd anilie acids, from which 
amis can he obtained by the withdrawal of i 
water (Aiiwers, Oswald, and 'Phorpe., Annalmi, j 
285, 22!)). The glutane aeids rcsmnhh' tin* ! 
sureinic acids in thi ir reactions, ]>ut they are j 
not so voliitih^ in Hteam, and not so readily ; 
ehaiigeil t-t) anliydride.s by aeet ylcliloi ido. ; 

(Hiitiuic (Kid. .Xoniiiil iicid. ^ 

CO.IIli'U.iaCO.H ! 

Found m t'amavsian najihtlia (Markownikow, • 
Her. iS!)7. !)-17), in beet root (Lipjiniann. ibid. \ 
IKIII. 22!)!)), and in the wash-water Irom raw [ 
sIkh'p wool. !‘i{^pared by oxidising fats j 
(Houvoault, Hull. Soe. elmu. 1!), 12| stearic I 
and oleic aculs (ilarctU*, ihtd. 4)), (>5) or sebacic j 
aeul ((!aiTt.tc\ 45, 27t)), with nitric acid ; ; 
by treating I • H-dicyanopropanc with hydio- ; 
(liloric ai-ui (Heboul, Ann. Ohim. !4. |6| 14, ! 
501 ; Markownikow, Annahui, 1S2. 211) : by j 
treating /^-hydioxyglntaric acul with hydriodic ' 
aei<l at iM)"" (Hcehinann and Ji'iiisch, Her. 1801, 
2252); by the action of baryta on ethyl pentane- 
hoxacarhoxylatc (Hottonilcy and Perkin, Cliem, 
iSoc. Tiuiis. 1!)(H). 200): by treating ithyl 
malonate witli methylene cliloride. l'vdroly,sing 
the product with eauatic potash ami lieuting the 
dicarboxylglutaiic acid tlius formed to 200'^ 
(('onrad and Outh/.eit, Aunalen, 222, 257 ; 
JVrkin, Her. 188(1, 1055); by condensing 
otliylHodioinalonatc witli formahieiiyde in tlu^ 
presence of a small quantity of pipondine or 
diethylaimne, and beating tliCi tm4.hylene di- 
inalouie aeiil tlius formed with hydrochloric acid 
(Knoevenagel, Her. 18!)4, 2240); by tlic electro- 
lysis of e(|ual quantities of the potassium salts 
of the methyl hydrogen suia inal-c and malo- 
nafcti {Van/.etti and Ooppadro, (’liern. Zentr. 
1004, i. 1254; 1002, u. 1053); by treating 
hydrorosorem with sodium liypobroiniU* (Vor- 
lander and Kohlmann, Her. 18!H), 1878); by 
treating cyclopcntanone with nitric acid (Whsli- 
comis, Annalen, 275, 218) or with acetic anhy¬ 
dride, and sulweijumitly with potas.sium ])cr- 
maiiganate (Mannich and Hatieu, Her. 1008, 
672); by the action of inlrie acid on methyl- 
cyclopentane (Markownikow, Ibid. 1!KH), 1008), 
or on evclopentane (Murkowivkow, ibbU 1807, 
075); by treating aacetoglutaiK' ester witli 
concentrated potasli (N'orlauder and Kniitzsch. 
Annalen. 2t)4. 31a ; Wisbemms and Himpaeli. 
ibid. 102, 128): by treating glutmonie acid 
with sodium amalgam (Conrad and tluthzcit, 
ibid. 222, 254); by tlu> oxulation of piperidine 
with hydrogen peroxide (Woltfenstein, Bor. 
1802, 2777). 

Glutarie acid crystallises in large monocliiiie 


plates, m.p. tlV'S”; 100 c.c. of water dissolve 
42*0 parts of acid at 0°, 63’9 at 20^’, and 96*7 
at 50'^ (Lamouroux, Compt. rend. 128, 908); 
readily solubk* in alcohol and ether. It con¬ 
denses with aldehydes to form substituted 
glutarie acids (Fittig and Knedel, Annalen, 282, 
224, 228, 244 ; Knoevenagel, Her. 1804, 2340) ; 
electrolysis of tlie potassium salt of the mono- 
i^thyl esU'r giv(“s rise to the diethyl ester of 
suberic aci<l (Hrown and Walker, Annalen, 261, 
11!)). Hy beating glularie aidd at 230®-280'^, 
or by treating tlie silver salt with acetyl chloride, 
ijliilarK' anlijidiidi’, in p. 50‘’-57®, is produced 
(Ficliterffiid Hcrbraiid, Her. 1805, 1103). When 
trealc'd with aluiiiinium amalgam, the anhydride 
IS eoiivi'itcd into a mixture of glut-aric and 8- 
hydroxyvalene aculs. llie latter of which readily 
changes into S-liydroxyvalcroiactono (Fichter 
and Heisswcnger, Her. 1!)02, 1200) 

'Phe diiiirUiijl eshr of qliddiic and is a colour¬ 
less li((ui(l. b.p. 212 5’ 214" (751 mm.), sp.gr. 
l-0!)227 I5‘V4® (Mcerburg, Hc^c. trav. clum. 1890, 
3(»7): the dicHiyl boils at 22lP.5‘-227® (eorr.), 
and has sp.gr. 1’0284 at 15" (Perkin, ('horn. Soe. 
Trans. 1888, 5(57). 

'Phe tliroo ]K)ssible isomcrides of glutarie 
acid an' all known and are deseribi'd below. 

Pi/rolditanc arid. Metliijhtirctiiir, acid (Ger. 
Brvuzivrtnsaiire ; M< Ih i/Ihrrn) 

m,ii*('H((!H,) oii.-co.n 

Ghtaiiu'd fr<mi sumt (Hni'-ine, (!ompt’. rend. 107, 
78!)). Prepared by the dry distillation of 
tartaru', roceinie, or jiyriivie acids (Fourcroy 
and Vau'|i’olin. Ann. ('him. 25, (i.) 1(>1; (54, 
42; Wolff, Annah'n, 217, 22; H^champ, 
Zcilscli. ('hern. 1870, 271 ; Hourgom, Ann. 
Cliim. 12. [-5] 4l!)); by licating jiyriivic acid 
with liydrochloru' acid (Wolff, l.r. ; dong, 
Rcc. trav. chim. 21, lOl) ; hy the reiluction of 
citra-, ita-, or mesacomc acids wit.h sodium 
amalgam (Kckiilc, Annalen, Spl. 1, 228 ; Spl. 2, 
!)5): hy (ho reduction of the anhydride of 
citrai'onic acid with hydnigcu in the presence of 
nickel, when pyrotartanc acid and its anhydride 
are ])rodiiced (Eijkinan, l^hem. Zentr. 1907, i. 
1()I7); by ti'oatitig ^ cyanobutyric acid with 
caustic jiotash (Wislicenus, Annalen, 165, 93; 
Hrcdt and Kallcn, ihul. 202, 250); by fusing 
gamboge with caustic alkali (Hlasiwetz and 
Haith, d)i'l. 128, 72); by treating aldchydoitfo- 
biitvrie acid with nitric acid (Porkm and 
Sprankling.’diem. JSoc. Trans. 1800,10; Bischoff 
and Kuhlberg, Bor. 1800, 634); by the inter¬ 
action of ethylsodiomalonato with othylbrom* 
propionate and subsequent boiling with hydro¬ 
chloric acid (Bono and Sprankiing, Ghem. Roc. 
Trans. 180!), 848); by the interaction of ethyl- 
sodiomothylmalonato and ethylcbloracetate or 
of othylsodioethonyltriearboxylatc and methyl- 
iodide, and Rulisoquently hydrolysing the ester 
of metliyletlionyltricarboxyiic acid thus formed 
(Bischoff and Kuhlberg, l.c.); by treating 
otbyhlibromonietliylai'etoacelato with concen¬ 
trated [)ota.sh and subsequently with sulphuric 
acid (t!l(H‘7, (.!ompt. rend. 110, 583); by treating 
calcium lactate with ijiotoBsium permanganate, 
wlien calcium pjTotartrato is produced (Wiegand, 
Her. 1884, 840). 

Pyrotartario acid crystaUisos in ta'iclinio 
prisms, in.p. (Ladenbui^), 112® 

(Perkin). Rolublq in water, cdcohol, and etlier. 
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By heating pyrotartaric acid with dilute sul¬ 
phuric acid at ISC'*, acetaldehyde and formic 
acid are produced (Wiegand, l.c.); by con¬ 
densation with acetaldehyde, bonzaldehyde, &o., 
substituted paraconic acids are produced (Fittig, 
Annalen, 256 ; 108,126,267); with salioaldehyue 
ooumariiipropionic acid is produced (Fittig and 
Brown, ibid. 266, 286). Mcthylthiophen is 
produced by the distillation of the sodium salt 
with phosphorus pentosulphido. Pyrotartaric 
acid contains an asymmetric carbon atom, and 
it has been resolved into its two opUt'.ally 
active antipodes by means of the factional 
cr 3 rstallisation of its strychnine salt (Lalle.nhurg, 
Ber. 1895, 1170; 1896, 1254; Annalen, 804, 
227). 

Fijrotartaric anhydride is obtained by heating 
the acid above 2(K)°, or by treating the acid with 
acetylchloride (Perkin, (’hem. Soc. Trans. 1888, 
664; Fichtor and Iferbraiid, Bcr. 189(5, 1198) ; 
m.p. 81‘5"-82'^; b.p. 247*4" (corn), sp.gr. 15'716“, 
1*2878. By ic«luctioii with hydrogen in the 
prtyHcncc of nick<4, the anhydride yields butyro- 
lactone (Eijkmau, (8iem. Zentr. 1907, i. 1617), 
and with sodium amalgam and hydrochloric a(^id, 
a-methylbutyrolactone (FicliU'r and H<t- 
brand, l.c.). 

The dimethyl csfe.r of pyrotartaric acid is a 
cohmrless oil, b.[). 197 '; and the dnifiyl ester 
boils at 217 6-218 6 

Dimcthyhnalamc acul. ^ Isopyiolnrtauc uetd 
((‘H 3 ) 2 (KfObtaiiHsl by the oxida¬ 
tion of foi)ch(ui(‘ with nitric acui ((hirdner aiul 
(Jockburn, (!lieni. Soc. Trans. 1898, 708); by 
the oxidation of phoromc acid with nitn<^ a«ud 
or with potassium ))ermanganate in alkaline 
solution (Pinner, Ber. 1882, 686; Anschutz, 
ibid. 1898, 827 ; Anschutz and Walter, Annalen, 
368, 95); by the oxidation of li!icini(; acid, ob¬ 
tained from fihcin, which is extracted from 
Filix w/.f (male fern) (Boehm, (’hem. Zentr. 
1896, ii. 1086 ; Daccomo, Gazz. chim. ital. 24, 1, 
^ 617); by the oxidation of camphor with nitric 
acid (Bredt, Ber. 1894, 2093). Prepared by 
treating a-cyant»obutyrie acid with hydro¬ 
chloric acid (Markownikow, Annalen, 182, 836) ; 
by heating 5: 5-diracthyli)arbituric acid with 
caustic potash (Conrad and (juthzeit, Ber. 1881, 
1644); by the oxidation of oa-dimethylglut- 
aconic acid with potassium permanganate 
(Henrich, Ber. 1899, 670; Perkin, Chom. Soc. 
Trans. 1902, 255). 

Dimcthylmalonic acid is best obtained pure 
from its zinc salt; m.ji. 190“ (Perkin, Chem. Soc. 
Trans. 1903, 1237), 192“-193“ (Konigs and 
Horlin, Ber. 1893, 2049); sparingly soluble in 
water and alcohol, readily soluble in other ; 
decomposes on heating into carbon dioxide 
and wobutyric acid. Diinethylnialonylchloride 
yields a duodocimolecular anhydride on treat¬ 
ment with aqueous pyridine ; it is an amorphous 
white powder, m.p. 145®—148° (Einhom, Annalen, 
359, 169). Dimeihylmahrutmtrilc i« prepared by 
treating dimethylcyanacctamidc witn phosphoric 
oxide or phosphorus pentachloridc (Hesse, 
Annalen, 18, 723 ; Errera and Berti, Gazz. chim. 
ital. 26, ii. 224), m.p. 32°, b.p. 162*5°. />i- 
methylmalonamide is prepared from the methyl 
ester and concentrated aqueous ammonia 
(Perkin, Chem. Soc. Trans. 1903,1242; Thome, 
ibid. 1881, 545); from the cliiyl ester and alco- 
b(^o ammonia (Fischer and DiHhey, Ber. 1902, 


851, 865); from dimethylraalonylehlorMlo and 
concentrated aqueous ammonia (Moyer, Bor. 
1906, 198), m.p. 269° (corr.) (Porkin). The 
dimethyl ceter is a colourless liquid, b.p. 177°- 
178° (763 mm.); the diethyl ester boils at 194*6°. 
The latter may bo obtained by treating the ester 
of diracthylcyanacelic acid with sulphuric acid : 
on treatment wuth alkali and urea, dimethyl- 
barbituri<! acid is obtained (Merck, (hem. Zentr. 
1905, ii. 1141 ; D. R. l\ l(i82(M)). The diethyl 
ester of dimoMiyltnafoinc acid condensi's with 
brornnsobutyric ester in the presence of zinc to 
form the oster of tetnunethylacetonedicar- 
boxylie acid (SlKlanowitscb, (’hem. Zentr. 1907, 
i. slo). 'rho 2 )otassium salt of the monoothyl 
ester is convertt'd by electrolysis into the diethyl 
ester of ti'trainethylsuceinic acid (Brown and 
Walker, Annalen, 274, 48). 

Ethyhmlomo acid. Isopyraiartaric acid 

(’H3CH2*Cll(f'.(K,lI)3 

Prepared by boiling the ethyl ester of a-cyano- 
butyric aeul with j^otiusb (Wislicoruis and Uroeh, 
Annak'n, 105, 98; Tuoplew, ilnd. 171, 248 ; 
Markownikow, 182,829); the diethyl ester 
IS ])roduced by treating ethyl malonato with 
sodium or zinc and el.hy! iodide (Uaimlor, ibid. 
249, 174 ; iSchukowsUy, Chem. Soc. Abstr. 1888, 
1179; Schey, K('c. irav. elnm. 16, 856 ; Michael, 

J. pr. Chenf 72, |2| 687). CrvstalliBCH in rhombic 
jirisms, m.p. 111*5"; readily soluble in water, 
alcoliol, ami ether; decomjiosos on heating into 
butyric acid and carbon dioxide. 

Ethyltmlononitnle is ])reparcd from ethyl- 
cyanacetamide and jihosphoriis pentaclilorido ; 
it is a colourless oil, b.p. 200° (Hcssler, Annalen, 
1899,1(59; Henry, J. 1889, (537). Ethyhnalon- 
amide is prejiared by the action of sodium 
ethoxidc and ethyl iodide on malonamide (Moyer, 
Monatsh. 28, 1 ; Conrad and Schulze, Ber. 1909, 
780); by tjleating the diethyl ester with concen¬ 
trated aqueous ammonia (Freund and Gold¬ 
smith, ibid. 1888, 1245); m.p. 214°. The 
diethyl ester boils at 207'"; when the sodium 
derivative of this ester is condensed with 
othylbrommalonatc in alcoholic solution, the 
ethvl ester of cthylenct(;lracarboxylic acid ,iB 
produced (Hischoff, Bcr. 1896, 1514). 

GLUTEN. Wheaten flour differs from that 
of all other cereals in that after it has been made 
into a dough with a litt le water, it is possible to 
j wash out the starch, leaving a sticky adhesive 
brown or greyish-brown residue which consists 
' mainly of protein. This is crude gluten : on 
drying it in a watcr-oven, a hard, brittle horny 
mass, not unlike glue, riwults, wliich has lost its 
' power of becoming plastic wlien wetted, and 
strongly adhered to the substance on which it 
rests. *At a higher temperature, the wet gluten 
expands greatly until the expansive force 
i riipturt«5 its vesicles. 

' The flour of other cereals when warned in a 
, similM- way enlerely disintegrates, leaving no 
' protein residue. '1 ho physical properties of 
whrali'n dough depend almost entirely on the 
gluten, which acts lui a mechanical agency for 
binding the particles of starch and for entangling 
the carbon dioxide gas produced by the fermenta- 
i tion : in the oven, this gas expands, causing the 
' dough to rise and the gluten to remain distended 
' unSi the heat fixes it. 

‘ Crude gluten varies in colour from grey to 
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brown. Beeides protoin, it contains traces of 
starch, fibre, cholesterol, fat, and a small 
proportion of mineral matter. It is insoluble 
in tap water, strong alcohol, and ether, but dis¬ 
solves partly in distilled water, in dilute alkalis 
and more slowly in dilute acids. 

(Uuton, after treatment with dilute acids or 
salts, has some duustatic action, which the 
freslily pn^pari'd gluten lacks (Reychler, lier. 
188!b 22, 411 ; f«:r aluo Baker, J. Soc. (Uiera. 
Ind. 1!I08, 27). 

'riie quantity of gluten in wheaton flour 
varies considerably according to its race and tlie 
country in winch it was grown. Further, tlie 
best jiatent flour, mili<‘d from the ciuitre of 
the grain, contains sliglitly less gluten than the 
houseliohls flour from tlio outer layers of the 
same grain. 

S})(!aking very generally, tlie proportion of 
gluten varies from H to l.'i p e.,tlioug!i exceptional 
flours may have either less or more than this 
amount. English (lours as a class have about 
10 p.e. or loss gluten, ( anadiaii ami American 
spring wlu'at Hours, v.<j. the 8<t-call(Ml No. 1 
Manitol)a, cont.am Kl p.e. and upwanls. Tlie 
striMigth of a flour (Uqiend.s, however, not so 
inucii on tlu; quanfaty of glut<‘n jire-sent as on 
its quality. A gluten, though present in satis¬ 
factory quantity, may be too tough, or liard and 
brittle, or it may be too elastic and have no 
power of rctannng the gas in its pon^s. 

(iluten i’oiisists mainly <.)f tw'o jiroleins. 
glmdtn and ijliiit ntn, both of whi<‘h are essential 
tor its formation. The gliadin forms a sticky 
network winch (mtaiigles the glutmim t.o make a 
compact mass. The presciKs* of soluble salts, 
i.e. eloetrolytes, is also essmitial, but tlie mineral 
constituent^ of the flour arc suHicient for tins 
purpose. In distilled water, gluten jiartly 
dissolvas, the Hemi-fluid residue liaving no 
tenacity. Furo gluten lias of itstdf ncitlns' 
ductility nor tenacity, and the ]ihvsical jiro- 
pertios like those of other colloidal sulistanccs 
depend ujion the idectrolytes present in the 
dough. 

Th<‘ researches of Wood and Hardy (Wood, 
J., Agrie. Sci, 11107, 2, Utl>, 2(17 ; Wood and 
Hardy, I»roe. Roy. Soe. RUM), B, Hi, ; Num¬ 
mary l)y Hardy, Brit. Assoc. Report, Winnipeg, 
1009) have shown that any salt etmfei's eohosion 
upon gluten; any acul or alkali, when sutliciontly 
dilute, lessens or destroys it. (duti'ii which has 



lost cohesion owing to the action of an acid, 
may be rendered coherent again by the addition ■ 
of suit. There is a definite relation between the i 


concentration of the acid and the amount of salt 
required to undo its action. As the concentra- 
! tion of the acid is increased, the amount of salt 
I needed to maintain cohesion rises to a maximum, 
I and thonce falls until a point is reached when the 
acid alone is sufficient. The curve shows the 
concentration of salt and acid needed just to 
preserve cohesion; it encloses an area of no 
eolie.sion, whilst outside it is a region of cohesion. 
The areas rejirescnt continuous changes as is 
characteristic of colloidal matter : a line inclined 
upwards follows a system in which there is 
eoiitinual separatum of water and gluten ; in 
consiMiiidfico the water-holding power of the 
protein becomes less and less, the tenacity 
grows, and the ductility diminishes. 

l;p!-on ami Calvin (.1. Amer. Chom. Soc. 
1915, d7, 12!fr>-1204) have shown that moist 
gluten alisorbs water from acid solutions in 
(jiiantity varying with the nature and con¬ 
centration of the acid. Th(5 presence of neutral 
salts retards tlie absorption of water, and in 
liigh ooncmitrations may even cause a loss of 
water from moist gluten, if gluten which has 
absorbed water in an acid solution bo trans¬ 
ferred to a salt solut.ion it loses water and 
regains its original physical jiropcrtics. Non- 
ckrtrolytcs arc much less effective than ^'Icctro- 
j lytes in inhibiting the swelling of gluten in 
acid solutions. 

fn practice, tlie water-holding capacity, or 
hi/Jiafion rrilio, of gluten is of considerable 
sigmfH'ance. It is nu'asurc'd by the ratio of the 
weight of the wet gluten immediately after 
extra<'tion under eanduily standardised condi¬ 
tions to its weight after drying. On the 
avi't'agc, it is about 9:1; that is, gluten carries 
about twice its weight of water. 3t varies from 
2 5 in strong floui-s to abovi' 9 in very weak 
Hours. 

The ratio of gliadin to glutenin in different 
wlioats is ii<*t constant. It apjioars to be about 
50 p.e. Acc(»rding to Shutt (.1. Soc. Ohem. Ind. 
1909, 28, 99()), there is a relationship between 
the maturity of the grain and the gliadin 
content, tho more fully ripened wheat con- 
; taining tho higher proportion. 

1 Cluten may be estimated in flour as follows : 
; 90 grams of Hour arc made into a dough with 
i from 12 to 15 c.c. of water, and set aside for an 
' hour. The dough is then worked between tho 
j lingem in a stream of running water to wash out 
! the starch,-being licld over a muslin screen, so 
; that any particles which are dropped can be 
! recovered. Finally the gluten is worked 
vigorously between tho fingers to remove the 

■ last traces of starch. With practice the washing 

' can be carried out so as to occupy always the 

■ same time. The ball of gluten is then placed 
] under water for an hour. It is next freea from 
: excess of moisture by working between the 
i hands and wiping off excess of water until the 
; moment when the bail begins to stick : it is then 

removed to a little square of parchment paper, 
weighed, and dried for at least 24 hours at 100®. 
The ratio of the wtt and dry weights gives the 
hydration ratio. Consideraule information as 
to the strength of the gluten is gained by the 
foci both of the dough and of the gluten bett^n 
the fingers. The metliod, though empirioal, 
gives with practice very trustwor^y results. 

Marchamer And Goujon (J. Fhaim. Chim. 
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1914, yii. 10, 191-202) have shown that the Glladln. Wheat gluten was first separated 
abnormal diminution in the percentage o/ into two constituents in 1819 by Taddoi, who 
coagulabie gluten^ in wheat flour produced by termed the alcohol soluble protein gliadin. 
mixing it with flour from buckwheat, barley. Subsequently, Kitthauson thought gliadin to 
rice, maize, &c., is also prorluced by the ad- consist of three different proteins, but tho 
mixture of inorganic substances, such as rc’scarclu'w of Osborne and others have made it 
powdered talc, magne.sia, or silica. 'J’his is clear that only one alcohol-soluble protein is 
not due to a variation in tho rat io gliadin to present in wheat. 

glutenin, but to a variation in the sum of The alcohol-soluble j)r<*U‘in of rye is ap- 
these two. parently idont.ioal with that of wheat, and is 

Germination, milling, ))reserYation of tlio thereft)r<' also tiTined gliadin. Other alcohol- 
flour either in a moist state or in a Iiuinid aiino- hoIuIiIo cereal proteins ar«' tht‘ hordein of barley 
sphere, and unfavourable meteorolog»-al con- and z<*in of m.vizi^; tlu\so. however, are quite 
aitions during the growth of the corn, ])roducc different from gliadin. Oslionie has proposed 
a similar diminution in tlie jx'iccMitagi* of ccagul- i t.(» call t.lns group ^ 

able gluten, duo in this «ase to the ctuu'civion \ 'IMio st)lul)ilily ot gliadin is a maximum in 
of glutenin into gliadm or vicr vn.'U It i.s j 70 pc. ethyl alcohol -it is nearly insoluble in 
suggested that the diminution in all these eiusi's | water and in absolute uleuhol. When do- 
is due to a rise in the acidity of tho flour under hydrated witli absolute alcohol and <iried over 
tho conditions named, the coagulation of gluten sulphuric acid, gliadin is obtairusl as a eolourless 
being materially hindeied by a viuy sliglit nso friable substanec. Ah jinnipitated from dilute 
in the acidity. alcoliol or wat<;r and dried, it is amorphous and 

It was at one time i-ustoinary to lest the transpanml, somewliat resiunbling gelatin, but 
quality of the. gluten in an aliuTomeli'r. The it is moix' biittle. Jt turnH Hluiky with distilled 
wot gluten was placed in a tubi* provided with water, aiul part (lissolvs's. Htill more being dis- 
a piston, heatiui to a didinite Uunpi'raturc (I.')!) ), solved on boiling. The addition of tho Hinallest 
and the amount ot expansum reail oil. 'I'hi.s quantity of a mineral salt iiiimodiately preoipi- 
test i.s of very little value. taU'S it conqilet-ely, cither from aqueous or 

As a check on the gluten e.stimation, the total <liluto alcoholic .solution. The salts with acids 
nitrogen may bo dotenniiu'd by Kjcldahl's or alkalis are fris'ly soluble in water. They 
method in tin* flour aiui in the crude dry arc pree ijntated unchanged on neutralisation, 
gluten, ami nuilliplK^d by 5*7 to express it as Gliadin may bo cxtraetc<l both from gluten 
protein. and from flour with 70 p.c. alcoliol. The rosidue 

Gluten in the form of a light-brown powder, will no longer form a iloiigh when wetted with 
dried at a low tempi'ratuii', is a comniercial water. 

{ iroduct, being used for the manufa<-ture of Gliadin has tho composition C -•52'72 p.c., 

>rea<l and biscuits for cliabctic patu'nt.s ; it J{- ]).<•, N I7 (»0 p.<!., S --=1'02 p.e., 

usually contains from 3 t(» T) p.c. <ji starch, and t) - 21 '73 p.c., and gives 573S calorios jier gram 
flomotimoH a gUMt deal more, and Hhoulil yiclil on combustion (Hencdict and Osborne, J. Biol, 
u very tough cla-stic dough when w’cttod. Ghimi. 1!H)L 3, 119). 'I’he sjiecifio rotation in 

In the comnurcial process the flour is matlo 70 p.c. alcmiol is --92'' (Mathewson, J. Amer. 
into a stiff dough, placed in open knoadiiig (!hem. 8oc. 190(5, 2H, 1482) : tlu^ same author 
machines, and kneaded witli water. Thestarcii has determined the i-oiatory power in a number 
goes into suspension, tho starch milk being of solvents. 

strained off periodically until gluten alone Tlie total nitrogen, 17 (5(5 p.c., is distributed 

remains in tho macdiiiie. os follows : as ammonia 4'33 p.e., basic 1*09 p.c., 

Tho open kneading machine most used for non-baaic 12'17 p.(t. 
the process consists of a trough in which two Osborne and (Jlajip (Amer. J. Plij^iol. lOOfl, 
kneading arms work in opposite directions. i 17, 231) have made a very careful determination 
In (iermaiiy whoaten starch factories are ’ of tlic products of hydrolysis of gliadin («ee also 
often run directly in connection with a bakery. | Abderhalden and Samuely, Zeitsch. physiol. 

The flour is kneaded out as desfribod and ; (^hein. 1905, 44, 27(5). Their figures are as 
60-75 p.c. pure ptarch obtaiuco. The glutinous > follows ;— 
residues are then used for baking. i p 

Westrup (Eng. Pats. 4028,1908; 8337,1909) j Glycine . alisent Tyrosine , l'2() 

proposes to test the strength of flours by making I Alanine . 2'00 j Cystino . 0*45 

a ball of 16 grams flour and 7*5 grams of watcT, ; Valine . 0-21 j I..y8ino . absent 

and placing this under a disc of plate glass, } Leucine . 5 (51 ^ Histidine . 0‘61 

3| inches in diameter. A 200-gram weiglit is i Proline . 7*0(5 i Arginine . 3'l6 

put on the glass for 30 minute-s. The dough is ^ Phenylalanine 2*35 ; Ammonia . 6*11 

pressed out, and, after hardening for 24 hours, i Aspartic acid 0*58 j Tryptophan present 

the circumference of tho flattened cake is j Glutamic acid 37*33 I - 

measured by rolling it along a scale. Different Scriifo . 0*13 j Total 06*80 

flours are flattened to different extents. 

Baine (Eng. Pat, 14770, 1^9) puts a dough The striking points in the composition are 
of standard proportions into a cylinder provided the absence of glycine and lysine and the small 
with a piston. As the dough rises, the piston is proportion of basic amino acids, the very la^e 
pushed up, an arresting mechanism prevents it quantity of glutamic acid and the high propor- 
oropping from the highest point reached, which tion of ammonia and proline. 
can oe road off later. About 60 p.c. of the total sulphur in gliadm 

Neither of these methods Appears to be of is converted into sulphide on boiling with sodium 
much practical value. ' hydroxide. 
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Gtutenln. Tlio Hecnml protoin of gluten is 
chttracUu’iHed by l>oing innoluble in water, Bftline 
aolutionH, aTKralcohol, and remains after cx- 
hauHtivo troatinont of gluten with tiiwo three 
solvoniH. Wlu-n fivsldy prepared, it la Holublc 
in 01 p.o. potassium hydroxide and ()’2 p.e. 
hvdroclilorir m id, and also m very dilute sodnnn , 
oarlxuiate and ammonia. After drying over 
Hulphuiie m i<U it forms an amorphous greyish- ; 
lu'own powder somewhat less soluble in these 
reagents. It is ]>r(‘eipitated on neutralisation. 
'Pile only oflnu- eereal i>r<>tein di^scnlied, similar 
to glutein, is the ory/.enin of nee (Kosonhoim 
and Kajuira, .1. Plivsiol. lOOH, 3(>, liv ). althougli 
itiiflis protiablc! that otlu;r seeds contain similai 
piAiteins. Osborne groups tln'se as (iliitrhiis. 

Olubmin has the composition, ('- 52 34 p.e. 
U-(>-h: 1 pe., N 17-4<) p.e. S---1'0H p.e. 

0 -22’2dpe ; heat of comhustuui 5704 calories 
(Bemsiietand Osiiorne, J. Hiol. (3tem. 1007, 3 
111)). The nitrogen is distributed as follows: 
ammonia, 3'30 p.e ; basic, 2'05 }).c. ; non- 
basic, 11 •1)5 p.e. 

Aeeonliiig to (isborne and (3ajip. the products 
of liydrolysiH an': 


(dyemo 

p.r. 

0 S'.) 

Tyrosine 

pc. 

4-25 

Alanine 

4-05 

('ystine 

0-02 

Valmo 

0-24 

Histidine . 

1*70 

lioncinc 

5 05 

Arginine 

4-72 

J’roliiie 

4-23 

Lysine 

1-02 

Plienylalanino 

DO? 

Ammonia . 

4-01 

Aspartic; acid 

0 01 

Tryptophan 

])resent 

(Jlutamif acid 23 42 


-- 

Serine 

0-74 


50i)8 


[Se(‘ tlie Discussion on Wlieat, Itrit. Assoc 
Report, Winni])Cg, 1000, Supplement l.o J. Hoard 
of Agrie. 1010, vol. 17, No 3; see aho T. B. 
O.sborno, IMlan/cnjiroteinc, Wiesbaden. 1010; 
datio. Science and Art of Hnwl-making, Lonilon, 

lon.i A- 

GLYCARBIN. Syn. for glyocryl carbonate. 
GLYCERIN {Ghfaroly Ghicifl alcohol, Pro- 
pnn/l alcohol or (’alfslOHla) <*<'<'ura in 


GLurm 

1 combination with fatty acids in all fatty oil» and 
i fate. Glycerin wa* discovered by bchoele, 

I wiien preparing lead plaster from olive oil, ana 
i was termed by him ‘ principhm duke. Ihe 
1 fatty oils and fats may bo regarded as salts 
I formed by the combination of fatty acids and 
glyci'rol, with the loss of three molecules of water. 

' (Jiyirerol being a trihydric alcohol, and conso- 
ou'entlv boluiving like'a trihydric baj?e, is able to 
' combine with thn'O radicles of fatty acids, m is 
I'K prcssed by the following equation, in which 
H reprmonts tlio acid radicle of any fatty 
' acid: e 

/O-ir /G-R 

(' H/<)-ir+;m-OH-G,H5(-O-R + 3H,0 

xO-U M).R 

This ofiuulion, when read from right to left, 
aymbohsoK the process of saponification of fats, 
and ex|ircsHPB tlie fatl, tliat by the addition of 
water (undca- suitable conditions) to the neutral 
glvceridcs, the latter arc resolved into three 
iii'uleeules ,)I fatly aeiils and one moleelile of 
glvcerol {Kir SAi'oNiricATioN). From the right 
siile of the ci|uation it follows that glycerol does 
not exist as such in the fatty (lils and fats, but 
tliat it IS formed hy the assimilation of three 
inolceulcs of water. Hence the sum of the 
! weiglit of the fatty acids and glycerol is always 
i greater than the weight of ihe original fat 
cmploved. The excess over 1(10 p.e. may be 
gathered from the following table by adding up 
the mmibcrs given in coluiun 4, and deducting 
j 100 from tliat sum (,«f column O). 

Owing to tliis complete analogy between the 
ffirmatioii of a trihoHic sail and a triglyceiide, 
I the nafund triglyceridc^i arc also termed 
- ‘ neutral glyeyl esters.’ 

Thf^ triglycerides of the most frequentl> 
' occurring fatty acids are collated in the follow' 
' ing table, iii‘ which their chemical formula 
' and moli^cular weights are given, as also tin 
, quantities in p.e. of fatty acids and glycero 
ix'sulting from suponifioation of 100 parte of thi 
glyeeridos :— 


IJlycoryl trllmtyniti 
tricaproato 

„ t.rlcaprylato 
„ trlrnpratiH 
,, trilnurate 

,. trlm>Tlstate 
,, trlpalmitate 

„ trlstcuratc 
,, trioleate 


.. (i!,itvii.o I !!’ ;!1“ 

(Caproui) I 


(C’aprhO . ’ V.ojjBO'.i.n 
(Laurln) . <• 3115 ( 0 ^ 1 . 

(Myrlatiii) | 


((iHn) . I CalTgtO (1 

trillnolate (Llnoliii) . f'3H5(0'Ci8n3i0)3 

trlllpolenatc (Llnolenlu) CBHjtO't’igHjjOls 
tricfupaui»donat«(Clupa- ^ „ 

n^onln) . , M* 
trirlclnoleat«(Blcinoleln) CsH^iO 0, 
triarachidate (Arachln) C^HglO C, 
irierucate (Krucln) mijiut/. 


i’ 

! 

W 

4 1 •* i 

product s ob- 1 | 

tained on 1 PvrpHsi 

i 

Mole- 

sapoiiUlcalloii 

over 

i 

ciilai 

ofl00pa>t» 

HM) 


A eight 

Fatty j 
acids ; 

Gly- j 
cerln j 

parts ! 

!_ 



i' 

P C- 1 

p.c. 1 

Va i 


302 

87-44 

so-iio 

17-90 


380 

0U*15 1 

23*96 1 

14*11 ! 


470 

91 91 ! 

10-58 1 

11 49 i 


r>r>4 

93-14 

16*67 1 

0*81 i 

3 

038 

94*04 

14*42 1 

1 

8*46 1 

)i 


94*75 i 

1*2-74 

7-49 I 

)3 

800 

95*20 

11*42 ! 

6-71 

>3 

800 

95 - 7:1 

10*34 

7*07 1 

)3 

8H4 

95*70 

10*41 

6*11 ! 

)3 

878 

95*67 

10*4^ 

6-15 

la 

872 

05*63 

10*55 

6*18 

k 

y 

866 

95*61 

10*62 

623 

932 

95*93 

9-87 

5*80 

974 

96*09 

9*45 

5*64 

h 

1052 

96*39 

8*?2 

5-13 


Chief sources 


Milk fats 

Milk fats, cocoa-nut ol 
palm -nut o 


palm-nut oil, dlka 1 ( 
Myrlstlca fats 
Palm oil. Chinese veg 
table tallow, Japan wi 
Cacao butter, tallow 
Olive oil, lard oil, taUo 
oil . , 

Drying and seml-drylB 
oits 

Drying oils 

Marine aidmal oUi 
Castor oil 
EarUi-nut oU 
Rape oUb 
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From tho above formula) it appears that 
glycerol is regarded us a trivalent, or triatomic 
alcohol, containing the radicle in com¬ 

bination with three OH. group«. Hence, glycerol 
bears the same relation t-o ordinary ethyl alcohol 
as orthophosphonc acid boars to nitric acid. 
Just as tribosic pliosiihoi-ic acid forms three 
distinct classes of salts, witli tlireo difforent 
proportions of the same bivst', so d<Jos glycerol 
form three distinct classes of estoi’s, viz. niono- 
glycerid(‘S, diglyc<*ndcs, and triglyeendcs (tver 
Oils, Fixed, and Fats). And just as pliosphoric 
acid may ooinbine with tw<i or ihrcc-^dilTortuit 
bases to form two ddb'rent classes oi tnbasic 
salts, so does glycerol lisad to difforcmt classes of 
triglyccridas. Fach triglyeoritle onutneratod in 
the foregoing tabhs must bo considertid as 
glycerol in which all tliree hydrogen atoms of 
the throe OH groups are replaeocl by one and 
the same radicle of fatty aeid. {Such glycerides 
are termed simple iriijh/rcrulis. If, however, 
the three liydrogen at(nns are replaced by two 
or three different fatty aeid radicles, mixcH 
fflycendes are obtained. 

Should a tnglyceiid(5 contain two different 
fatty acid radicles, two jsomcnc triglycerides 
may be expected; and m the case of a tri¬ 
glyceride containing three diiTerent acid radi<'lcH, 
three isomerides may be expected. This is 
explained by tho follow'in§ formulao :— 

^OK„ .'OH, 

ok;, 0-K, 

OK^ \0-K, 

/O-Kj /OK., d)-Ki 

O-K,; V,ll/ O KI; 

\o R;, sO K, \o-Rt 

It was formerly as.sumed that the natural 
fats consisted of sini])lo triglycerides : modern 
researches, however, have made it extreimdy 
likely that simple triglycerides o<‘cur in nature, 
as a rule, in small ijuantities only, and that 
natural oils nn<l fats are composisl chiefly of 
mixed glycerides. Thus, for instance, in tallow, 
only a few p.c. of triatearin have been found; 
hence tallow must be assumed to consist mainly 
of mixed glycerides. 

A considerable number of mixed glycerides 
have boon already isolated from such natural oils 
and fata as tallow, cacao butter, Romeo tallow, 
&o. The mixed glycerides of most frequent 
occurrence which have been isolated hitherto 
are oleodtpalmiltn, stmrodipiiliHilin, oleopalimto- 
at€/a,rin, 'pahnitodistearin^ oleodtstearin, and dtoleo- 
etearin. 

Glycerin has also been found, in the free 
state, in tho blood anil in fermented alcoholic 
liquors. Pasteur has shown that glycerin is a 
constant product of the alcoholic fermentation 
of sugar; hence it is a natural constituent of 
beer, wine, &c. 100 parts of sugar produce 3*5 

f iarte of glycerin. Until a few years ago these 
atter sources of glycerin were oi no commercial 
importance, but the increasing value of glycerin 
has made it profitable to recover even this small 
proportion, and several processes have been 
devised for treating the vinasses from distilleries. 
For example, in Barbet’s process (Fr. Pat. 
449961 of 1912) the material is concentrated, 
mixed with c-alcined plaster and kieselguhr, 
and the glycerin distilled underteduced pressure, 
while oaramelisation is prevented by the actios 


‘ of scrapers within the retort. In another pro* 

I cess (Eng. Pat. 27300 of 1912) the viwcwsea is 
I dried, treated witli acid, and tho glycerin 
I extracted by means of solvents such os amohol. 
i increased quantities of glycerin are obtained 
I from molasses by fermentation with Sacchuro- 
> muecs ellipifoideiiH (var. Steinberg) in prosenoo 
, of sodium carbonate and ammonium chloride 
at a ti'inperature of 30" 32 when from 20 to 25 
p.c. of tho sugar is converted into glycerin, 
auil till' greater jmrt. of tli(< remamdor into 
, alcohol and l arbon diovide. The investigations 
I of Liidi'eko on the pioduetioii of glyeiTin on an 
■ industrial scale from the fermentation of sugar 
i l(‘(l to a practical process worked out hy ('urm- 
! stein ana Lude<’ke, w’liieh was omj»loyed to a 
j considerable <5\tent in Germany during tho 
I great war. 'I’lie jiroei'ss is based njion tho fact 
that the percentage of glycerin is inereaHod if 
j tile ft'rmentat ion proci'eds in preseiiee of alkaline 
, substances, jiartieulurly sofhum suljihite, whero- 
i by it was jiessible to olitain 2(1 parts of purified 
I glycerin, 27 parts of alcohol, and 3 parts of 
; ahlehydc from 1(K) parts of sugar. After 
1 removal of the yeast by liltration and of the 
j alcohol and aldehyde by distillation, tho bulk 
j of tlic, salts present ar(‘ preeijutated by calcium 
' chloride and then by sodium carbonate, the 
I liquid being afterw’aras neutralised with hydro- 
' chloric acid and Altered from tho sludge; con¬ 
centration and distillation yield a glycerin 
suitable for techiiM-al jiurjioses (J. Soc. Uhem. 
Ind. 1919, 3H, 287; R. fiehwoizer, (’him. et Jnd. 
1921, 0, U9). 

Tho 8yntheti<* jireparation of glycerin, 
altliough it has lieim made the subject of 
1 several patents, has a.s y«tt hardly jiassod beyond 
I the theoretical stage. 

j Glycedii is obtained on a largo scale in the 
j several saponitii-ation processes which are 
I ])racLised iircandlo and soap works Savoni- 
, fication). According to the process by which 
’ tho (ionimeroial product ‘ crude glycerin ’ is 
obtained, we diiferentiato in commerce tho 
following flvo qualiti«j of crude glycerin, viz. : 
(I) crude Haponifieution glycerin; (2) cruije 
i distillation glycerin ; (3) Twit<;hell crude gly- 
; corin; (4) fermentation crude glycerin; (5) 
soap lye glycerin, or soap crude glycerin. 

I In tho stearine candle and soap industries, 

; glycerin is obtained as a dilute a<|Uoous solution, 

^ which contains various impurities, tho nature 
' and ijuantity of which depend on tho manu- 
' facturing processes themselves. Tho purist 
: raw material result-s from saponification by 
; moans of lime in open vessels; hardly inferior 
to this is tho glycerin obtained by ‘ autoclaving.* 

; Less pure is tho raw material recovered from the 
; ‘ acid saponifleation process,’ ‘ TwiR'hell’s pro¬ 
cess,’ and the ‘ferment process.’ The crude 
i glycerin obtained from soap lyes, notwith¬ 
standing its high proportion of inorganic salts, 

I may, lAi the one ftaml, surpass in purity (t.s. as 
! regarcb the amount of organic impurities) the 
crude material from the last-named processes : 
i but, on the other hand, it may be very impure if 
fate and oiis of low quality have been saponifl^ 
by means of black-'ash lyes, as was done until a 
few years ago in Lancashire and in Marseilles, 
Modem jiroc^ses of refining havfv however, 
overcome a number of diflioafties caused by the 
several impurities, so that e.g. cbexnically pure 
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glycerol from good soap lyes cannot bo distin- 
guiBhed from eliemicaDy pure glycerol obtained 
by lime saponilication. Crude glycerins further 
vary as regards quality in accordance with the 
care exercised in the manufacture. Crude 
glycerins ohUilnod from the acid saponification, 
the Twitchell, and the fermentation processes, 
retain very tenaciously some organic impurities 
which hitherto 8<*em to have delioil all attempts 
to remove them, ft the writer has ascertained in 



Fkj. 1. 


the case of a number of ‘chemically puio ’ 
glycerols originating fr<»m these jjrocesses. 

1. Crude saponification glycerin, 't'lus gly ¬ 
cerin rc-pn'S('ntH the liest quality of crude 
glycerin. It is obtained from tlie sweet water ’ 
of the autoclave process (see !Sai*i)N ification) 
and as a by-product in tlu' ]»rocess of s(ai|i 
making liy double deeomposition. 

The proportion of glycerol in the ‘sweet 
waUu-s ’ vanes from 0 to 1(1 ]).e. Tlie metallic 



Fio. 2. 


oxides contained in the ‘ sweet waters ’ arc 
neutralised, and the filtered solution is Concen¬ 
trated b|r means of steam, cither in a Wetzel pun 
(Fig. 1) or, as is done in modern works, in a 
vacuum evaporator of a type identical with or 
similar to those shown in Figs. 2, 3. According 
to the quantity of salts wliich separate when the 
bulk 01 water has been driven off, a vacuum 
evaporator either of the ty|)C a or type b (Fig. 4) 
is used. The evaporation is carried on until the 
crude glycerin conUdns about 85-90 p.c. o| 


glycerol. Its sp.gr. is then from 1*240 to 1*242, 
corresponding with the commercial brand of 
‘ 28°B6 saponification crude ’ or ‘ candle crude 
glycerin.’ The colour of this glycerin varies 
irom yellow to dark-brown; its tasle is sweet. 
With basic lead acetate, it givos but a slight 
jiroeipitule. By refining this crude glycerin 
with (iharcoal, a ‘ refined ’ glycerin (used for a 
number of commercial purposes) is obtained. 
This ermh' glycerin contains U]) to O'S p.c. of 
[ ash, chicily calcium (<tr niagnosunn or zinc) 
j sulphate, and only smnll quantities of organic 
I im})lll Itieyi 

1 Tins crude glycerin is valued on the per¬ 
centage ol pure glyciu’ol. of ash. uiid of organic 
i iinpunli(“s. 

1 'Pile ‘sweet water’ oliiameii in riio proeass 
j of soap making by double decomjiosition is 
treatinl in tlie same manner as described above, 
and yu'Uls agood ‘ sapoiuH<?ation crude,’ which is 
(■<|ual in <iuaiily to a ‘candle crude glycerin,’ 
provided that the original fatty matter woa 
of good quality Since this })rocc‘SS is used 
in small works only, wlu*re ehiefly low-quality 
greas<*s arc worked up, the crude glycerin 
tlius obtainecl is apt to contain a considerable 
amount of organic inquirities, so that it is 
liable^ to ferment, when stored. Within the 
author’s ex])eri(“nce, siudi crude glycerins did fer¬ 
ment. thus sliow'ing thkt tlie {>rganic substances 
in low-class grease ari' not (k^stroyed by treat¬ 
ment with lime. In the course of tlu^ fermenta¬ 
tion, trimethylencglycoJ rs formed. Tins crude 
glycerin is also high in proportion of asli (the 
author found o\en as mueh as 1-77 to 5 ]».c. 
of asli). whereas the re.spective proportums of 
glycerol wmv 84 3 and 77*1 j».c. 

A typical sample of high quality examined 
by (Irimw'ood (1918) liad : s{i gr. r24.'>r); 
glycerol, S9-7 p.c.; ash. O-bf) p.c. ; and organic 
resiibie, 0 .^7 p.c. 

2. Crude distillation glycerin, 'J'his kind of 
crude glycorm is obtained from the acid water 
resulting in the so-called acid saponification 
processes {.fcr Savonifioation). It is termed 
m eomnicrce ‘ crude distillation glycerin ’ for 
the reason that the fatty acids obtained by 
; this process must, be distilled to yield candle 
'material. Tiic dilute glycerin waters (‘sweet 
j waters ’) are worked up in the same manner as 
I descrilx'-d under ‘crude sajionification glycerin,’ 

I but owing, to the large amount of sulphuric 
j acid used in the process, a considerable quantity 
^ of suits remain in solution after the minei^al 
J acid has been neutralised with lime. As the 
' concentration of the solution proceeds, especially 
when the thickened liquor approaches the sp.gr. 

• of 1 -240, calcium sulphate, which is no longer 
I held in solution, separates out, and is deposited 
j on the heating surface of the evaporating 
I apparatus in the form of a hard crust, which 
i raiadly diminishes the evaporative power of the^ 
steam, unless the calcium sulphate is removed. 

Hence, such tube evaporators as are repre-,^ 
sonted by vessel b (P'ig. 4) are useless for con¬ 
centrating the dilute solution, and a type of 
evaporator must be employed which permits the 
heating surface to bo continuously scraped so as 
to keep it clean. An evaporator of this kind, 
designed by the autlior, is shown in Fig. 2, the 
inner constructidn of which u exem^fied by 
Fig. 3. 
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The hmshed crude dietillatiou glycerin con* 
taioB considerable pro|>ortion8 of caloium sul* 
phate, inasmuch os the solvent power of glycerol 
for ccdcium sulphate {see below) is still further 
increased by the organic impurities which the 
crude glycerin retains. The ash of this kind of 
crude glycerin rises to as much as 2 and even 
3’6 p,c. The amount of organic impurities is 
greater than in crude saponification glycerin, 



manufacturing procc-ss. The coh)ur of this 
crude glycerin is usually pale-yellow; its tfiste 
is sharp and astringent, and when rubbed 
between the hands it emits an unpleasant 
smell. On adding basic lead acetate^a volumi¬ 
nous preeipitatii is obtained ; hydrochloric acid 
produces a turbidity, due to the presence of 
latty acids. 

This crude glycerin has the sp.gr. 1*240- 
1*242. As a rule, it contains from 84 to 86 p.c. 
of glycerol. The trade term for this kind of 
glycerin is ‘ crude distillation glycerin# 28‘^B6.’ 

3. Crude glycerin from the Twitchell process. 
This kind of crude glycerin is obtained from the 
aoid water resulting in Twitcbell's saponification 
process (see Saponification). The swoct waters 
sue treated with lime or barium hydroxide or 
barium carbonate, so as to precipitate the dis* 
solved sulphuric acid as complctcdy as possible. 
The purined liquors are concentrated up to a 
^ sp'gr. of about 1 *24 or more, in the same manner 
described under the two preceding headings, 
quality of this crude glycerin varies con* 
fsderablv with the quality of the fat^ material 
from which it has been obtained. If the raw 
material is of good quality, the glycerin is fairly 
good; but even in that case, owing to the high 
amount of ash it contains, and owing to ite un¬ 
pleasant baste, it is valued at a somewhat lower 
price than is crude candle glycerin. By way 
ei example, the following anm^Ais made by the 
author, be gives: sp.gr. 1*239; glycerol, 
VoL. Ill—T. 


$4‘B p.o.; ash, 0*52 p.o. A typical sample 
analysed by Grimwood (1918) nad: sp.gr. 
1*2453 ; glycerol, 87 0 p.c.; ash, 1*1 p^c.; and 
organic residue, 1*4 p.c. Since the Twitchell 
saponification process is best adapted to low- 
class material (such as greases), the glycerin 
obtained from such material contains so con¬ 
siderable an amount of organic impurities that 
it <‘annot be refined by itself, even for tho pro¬ 
duction of dynamite glycerin. Each special 
make of buch glycerin must therefore bo valued 
on the basis oi tho impurilu'w it contains. 

4. Fermentation crude glycerin (see Saponi- 
FrcATtoN). Tho sweet water from tho process 
of hydrolysis by means of enzymes is rich in 
probuns and other organic impurities. In 
addition to tho usual treatment described above, 
it must bo filtered over char, which retains the 
bulk of the jirotcins and other organic impuri¬ 
ties. NevcrtlieUws, a certain amount is still 
retained ; consequently, the finished crude is 
not only dark in colour, but has also a very 
unpleasant smell and taste, even if the glycerin 
bo made from good raw material, such as re¬ 
fined cotton-Hec<l oil or refined linseed oil. In 
the infancy of the process, tlio crude giycoiin 
obtained tluncdiy was jiraetisally unusable. In 
consequenco «)f improvenients, the amount of 
impurities has b(^en considerably reduced, so 
that a sample examined in the author's labora¬ 
tory gave the following somewliat favourable 
results: sp.gr. 1*2361); ash, 0*49 p.c. ; organic 
impurities (proteins, &c.), 1*54 j).e. But tho 
didieultios Jiavc not yet been aufficiontly sur¬ 
mounted to make the process satisfactory, and 
it is still but little used. The last two ^nds 
of crude glycerin are difficult to refine (by the 
usual process of distillation) and must be mixed 
in tho glycerin still with better kinds of crude 
glycerin. * 

5. Soap lye glycerin. Soap crude glycerin, 

Soap crude. Since C'hcvrcul established tho 
constitution of fats and oils, it has been known 
that the spent soap lyes, resulting in tho manu¬ 
facture of soap, contain, if not the whole, a very 
largo proportion of the glycerol, combineil 
originally with fatty acids in the oils and fata 
which had been converted into soap in the soap 
pan. During the first half of last century, no 
attempt had been made to recover tho glycerol 
from those lyes, not only on account of tho 
difficulty attending this operation, but also for 
the reason that the small demand for glycerin 
then ruling in the market could be readily 
satisfied by the candle makers’ crude glycerin. 
When, at the end of the seventies of the last 
century, a great demand for nitroglycerin 
(‘dynamite’) sprang up, attention was cirawn 
forcibly to this source of glycerin, and serious 
endeavours were made to recover the hitherto 
wasted product. Although as early as 1858, 
H. Ro;|^olds had^patented the mam features 
of a process of recovery, features wMch 
essentially reappeared in all sufaflbquent 
processes, yet serious failure at first attend^ 
all attempts at the recovery of glycerin, on 
account of the considerable amount of impurit^ 
in the spent lyes, and most prominently on 
account of the large amount of dissolved salts. 
Modem processes, especially improvements is 
apparatus on the one hand, and'the rapidly 
gsowing employment in the soap industry of 
• 2 V 





434 GLYOEEIN. 


cauHiic Boda of Uic; higheHt purity, touded to 
evolve a pro<Hvi8 -wIik Ii is now worked with more 
or ItiSH suc«.;<5ss in all the largo soap works, not 
only of Kuroj)e and America, but also of Australia, 
Africa, JikIiii, and Now Zealand. The oarlie.st 
su(!ce.ssful attonijjta to recover glycerin from 
soap lyi'M \v<T<- made in English soap works, 
wh(‘r(“ the, largest (juantitios of oils and fats wore 
woi'ked up in tlm largest souperies c)( the world ; 
the wcuking up of tlio s<ia]) lyw for crude gly¬ 
cerin may be said to liave cstahlislied its success 
in (Ireat Hntam towanls tlie middle of the 
‘lughties of the last ('mitury. iSinei; iliat time, 
erude glyci*nn r<‘ei>vere<l from soap lyes, ‘ soaj) 
crude glycerin,’ has e.slui)hHhed its great nn- 
portanci' in Ibe vviuld’s <‘ommeree. 

The lyes olitamed in tin' soaj>-making 
process by boiling oils and fats m an ojX'U juin 
with caustic soila contain practically all the 
glycerol which tlic natural oils and tats an- 
ca}iable of yielding. According to the iiuimuT 
in which the ‘ changes ’ are woi kcii uji (>,r< Soap), 
the spi'iit lyes coiilaiu Iroin 0 to H p ('. of jiiire 
glyix'iol. In addition to glycerol, the spent l\cs 
iiohl in solution tlx' (Simmon salt used in ' cut¬ 
ting ' the soap, and also small amounts oi free 
<‘austu' soda, sotlium carbonali', soap, and 
organic impuntii's. The lews free caustic soda, 
sodium carl)ouut(‘, anil organic impurities the 
lyes contain, the mori' readily can the process of 
recovery and purification be earned out. Jn ' 
case im|>ui'o i-austie soda lyes liavo ls‘('n used 
(■see above), t^iie spent soap iyes contam, in 
aildition to the sulistuiices enumerati'd above, 
thiocyanates, sulphides, t-hiosulphates, eyan- 
ides, ami tei locyariides. Tlu'se imjuu'ities were 
jirt'Seiil III the crude (blaek-ash) lyes, which w’eri* 
used U|> to a few years ago to a large extent in 
the Maixeilh's district. The diliieultios caused 
thereby in the recovery of crude glycij^in have led. 
favoured by the establishment of Solvay’s so<ia 
works in that neighbourliood, to the almost 
eomplete abandonment of blaek-ash lyes, so 
tliat ovi'U in Mai’seilles the vast majority ot 
soaps are projiared with jmre caustic lyes. The 
(waet treatment of the lyes in a soaj) works 
dojicnd.s on the state of purity of these lyes, and 
has, aa its object, the ix'inoval oi‘ destruction of 
the albuminous, resinous, and soajiy matters 
present in the lyes. This is done by various 
additions, such as lime or hydroehlorie acid, or 
salts of ulimiinium and iron, which precipitute 
foreign subataiiecs, so that tliey can be liltered 
off, wlu'pcupon tlie puriliod lyes are neutra¬ 
lised and become ready for concentration. Tlie 
purified lyiw are boiled down in lire-lieated 
vcHHols, which ai'e of a conical shape, so that the 
salt, as it separates, slides down into a vessel 
fixed to the bottom of tlie pan, whilst rotat¬ 
ing gear keeps the heating surface free from 
incrustation. Such vessels, although in large 
works oonsulored antiquatt^, are still being 
used and even introduced in smaller works, 
where the amount of water available is limited 
or where water is very dear. In the case of 
large works, the lyes are usually evaporated in 
vociid. The first concentration of the lyes to the 
‘ salting-point ’ (at which salt commences to 
separate) is considered to have been completed 
when the lyes have reached a sp.gr. of 44'Tw. 
at 15 5”C. The percentage of glycerol in these 
lyes then usually amounts to 10-16 p.c. If 


evaporation wore carried on beyond this ‘ salting* 
point ’ in a tube cvajiorator, the separated salts 
would deposit on tlie tubes, and thus soon prevent 
the ovaporaiiou from proceeding to the desired 
stage. The author has frequently seen tube 
evaporators which, after a couple of days’ work¬ 
ing, had become so heavily encrusted with salts 
that tlie evaporator liad to be stopped and ‘ laid 
off ’ for t'lcaiimg. A large number of patents 
lias been talo'ii oul, with a view t.o preventing 
tlie Hetllmg down of the miiUs on the evaporator 
tiihes. bewkowitHch overcomes this difiiculty 
by jirouding the evrtjiorator witli suitable 
stirring and scraping arrangements, which 
remove the salts a.s tlicy scqiaraie, the salts 
failiiig ilown into a. vessel (of any de.sircd siiape) 
wliicii can be shut oil from the vacuum evapo¬ 
rator. and emptied at will under ordinary 
pri'ssure. After removal of the salt, the vessel 
IK exhausted and again connected with the 
cvajiorator. An ovaporatoi of this tyjio is 
.sliown in Fig 2. 'J’Im' construction of the rotat¬ 
ing lu'atiiig surface is t\|uiied by Fig. 3. Jn 
these evajiorators, the soap lyes can be evajio- 
rated from tbeirdilulcstagc lieyoiid the ‘ saltmg- 
jioint,’ the salt winch falls out being removed 
by using, at given intervals, the ve.ssel fixed 
to the outlet of the evajioratmg pan. Tina 
vessel, as has been jiointed uul> already, can be 
emjitied while the eontenls are kept eon-' 
tinuously boiling. In large I'lstallations, the 
lyes are euiiceritrated in double, or triple, or 
([nadruple elTocI vacuum ajijiaratus. A doublo 
(‘llect., ilesigued by ivi'wkowilscli on the same 
principle- as Fig. 2, is illustrated liy Fig. 4. 

A B 



Fig. 4. 


This figure shows a combination of a tube 
evaporator, n, with an evaporator as illustrated 
by Fig. 2. The first jireliminary concentration 
up to the ‘ salting-point ’ is carried out in 
vessel B, whilst the further concentration takes 
place in vessel a. The salt which separatee out 
during the process of concentration is collected 
in the vessel shoi^n underneath a, and is removed 
at fixed timOB, and washed in the washing 
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machine shown in the illustration. The salt is 
washed drat with purified lyes of low porcentaco 
of glycerol, and finally with water to remove the 
glycerin from the salt. The salt itself is re¬ 
covered in such purity that it can be used imme¬ 
diately in the soapcry in pla< e of fresh salt 
Soap). 

The glycerin solutions arc l)oilcd in rncH6 
until the crude glycerin has reached a sp.gr. of 
1 ‘3. The progr(*ss of concentration is con¬ 
trolled by the sp gr. tc«t, or, oijually well, by 
taking out samplc.s and ascert aining the boihng- 
pomt in a porocilain dish, by means of ft thermo¬ 
meter, while tlie cont^mts the dish are kept 
stirred, so that tlic salt may not (!aiise bumping 
of tlio contents or iTackitig of tlie dish. Tli<5 
glycerin has readied the sp gr. of 1‘3 and the 
percentage re<juired by commcrct', if tlie boiling- 
point is 150'^. The crvule glycerin then contains 
80 p.c. of jiure glyci^rol, and about 10 p.c. of 
salts, the remaimler consisting of water and a 
email amount of organic impunities. If the 
concentration is carneil a little furtluT, crude 
glycerin, containing as mucli as 8<) p.c. of gly¬ 
cerol, can readily be ubtaiiu'd. 

The jiroportion of organic impiintics in soap- 
lye glycerin vaiies considerably, depending on 


in the arts for various purposes, e.j;. in the 
manufacture of inks. By far the lai^t quan¬ 
tises of crude glycerin are, however, purified 
by distillation, and thereby converts into 
‘ distilled glycerin.* In commerce, two kinds 
of distilled glycerin arti difterentiaU'd, distilled 
glycerin for making nitroglycerin (dynamite), 

* dynamite glycerin,’ and chemically pure 
glycerin, somcdimes termed ‘ twice- * or ‘ treble- 
ilistilled glycerin.’ 

Distilled glycerins are obt ained, as thn name 
implit‘s, from crude glycerin by distillation. 
The distillation is cuithmI out, either under 
ordinary pre-ssure or in a vacuum. In either 
ca'-o the distdlaiion is .siijiported and accelerated 
by the aid of steam. At present vacuum 
distillation, coupled witli superheated steam, is 
the (Kimbmatioii mostly in vogue. Some manu¬ 
facturers work oil a certain amount (di'pcuiding 
on the 8170 of the still) of erud(' glycerin in one 
batch. Other manufacturers resort to con¬ 
tinuous distillation, the still being fed oa the 
glycerin distils off. 

Tlie HiKK-essfu! distillation of crude glycerin 
does not so much depend on the kind t>f still 
and condensens used as on tlio skill and car© of 
the operator. A consideralile number of special 


the process of punlieatiou ami the care of the , apparatus have been jiatented, and are still 


operator. iSomo commercjal soap crude gly¬ 
cerins contain less than 1 p <•. of organa' im¬ 
purities (thus representing a better quality gly¬ 
cerin than ‘ crude distillation glyct^rm,’ <Tndc 
glycerin from the ‘ Twitchell jirocess,’ an<l crude 
glycerin from the ‘ fermentation process ’). 
Other specimens of crude glyeciin, again, con¬ 
tain large quantities of impurities, consist¬ 
ing of fatty acids, rosm acids, and of albu¬ 
minoid Kulwtances, gelatin, and hydnu-arboiih 
(from bone fat), and also tnmothylencglycol in 
the lyes resulting from bone fat which has been 
allowed to ferment. In the distillates from 
such impure glycerins, the author cvmi found 
organic l>asc.s, amongst which ho iilcntitied 
picohne and iutidine. 

The following analyses by Grimwoml show 
the composition of typical samples of crude 
glycerin iii 1917-1918 :— 

8p.gr. Glycerol Ash 

High quality , 1-3097 85^8 9 -33 

Low quality . I’2980 77-2 1()'C3 
The colour of ‘ salt crude glycerin * is pale- 


Orgaiiic 

residue 

1).C. 

1-G8 

3-61 


being patented, but <*wing to tlie fact pointed 
out, vi7.. thatHUi’cesH (hqiends more on attention 
to details than on the partu'uhvr ajiparatus 
employed, the details of thi; vi'niita operandi in 
conducting the distillation are considered 
valuable secrets. 

Space does not permit a coinpleto reference 
to the patent literature or to the illustrations 
accompanying it. Jt may therefore bo generally 
stateil that some inventors introduce details 
whicli neither contributt' if) cheapening the 
process no* permit the realisation oi the refine¬ 
ments claimed. Some of the apparatus embody 
a faulty principle, inasmucli as not only is 
complete purification not effected, but oven 
partly purified disi lllales are contaminated with 
the impurities driven off from a partially purified 
batch. Here it may suffice to illuslrate •in 
I’lg. 6 a glycerin distillation plant which the 
author designed for the distillation of crude' 
glycerins, both of ‘saponification crude’ and 
* soap crude.’ The still shown is provided with 
an arrangement for withdrawing the salts as 
they separate out. The contents of the still arc 
heated by means of open superheated steam, 


^ heateu ny means oi open supcrnoitwju Ducaiu, 
yeUow to brom, or almost black, according to vapours ol glyoorin into a 

its purity. Ihe taste of *" battery of condensing columns. Between the 

Bweet, qualified, of course, by that of the common ^ j,, j^^^rted a catch box 

salt contained therein. Impure samjiles have a which the heaviest portions are condeiaod, 
most while small amounts of sodium chloride, which 

ii carried over mechanically with the sf^am, 
are simultaneously dopositea From tho end of 


phides absent. This is specially 
t^istic of the lyes obtained in the Marscillos 
district (due to the use of ‘ sulphur ’ olive oil). 

Soap-lyc glycerin can be rapidly distinguished 
freqp the crude glycerins described above by tho 
large propoi-tion of common salt which it con¬ 
tains (heavy precipitate with silver nitrate 
solution) and by its high sp.gr. 

soap-lyc glycerin containing considerable 

quantities of sulphide, thiwulphates, or sul- yield weaker glycerin liquors which, in 

phites, is almost valueless to the refiner of crude column, are so dilute that the then 

glycerin. ^ escaping vapours are practically free from 

Considerable quantities of crude glycerin, volatilised glycerin. The distilla^ are drairo 
especially crude saponification glycerin, are used , off in vacudf sampled and graded according to 


the battery of columns a connection leads to a 
vacuqm pump, lithe distillation being carried 
out in vacuO. The glycerin vapoure, with 
varying amountB of water, condense in the 
Hcvcral columns. In the first columns little water 
condenses; thus tho strongest glycerin, of 
1 25, is obtained therein. The following 
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their sp.gr. In the figura, the veasels into which improve its colour. The collected and filtered 
the glycerin is drawn off are partly shown. glycerin liquors are finally concentrated in a 
It depends solely on the mode of working— vacuum evaporator, up to the desired sp.gr. 
oepecially in tin: case of soap-lye glycerin—as to For the purposes of dynamite glycerin, tho 
whether one distillation wifi suffice to obtain a sp.gr. must be at least I'261 at 16. Other 
satisfactory ])r(«luct for nitrating purposes, or commercial qualities of distilled glycerin need 
whotfuir tlie once distilled glycerin must be re- only bcconcontratedtoasp.gr. of 1*250 or 1'240, 
distilloil. In case the distillation has not been as the covso may be. Tho dynamite glycerin 
conducted carefully, the onoo-distillod glycerin quality is used exclusively for purpose of ^ 
is HO strongly coritaininatcd with .sodium chloride making nitroglycerin. Other qualities of dis- 
and organic impuritios (volatile fatty acids and tilled glycerin, es])ecially those of sp.gr. 1*250 
even polyglycerols), tJiat a second distillation and 1*240, are used for various purposes in the 
becomes imperative. arts, such^as for filling gas metera and hydraulic 

Tho distilled glycerin liquors collected from jacks, in the manufacture of ink, waterproof 
the columns are treated with char, if required, paper, toilet soaps, ‘si/.os for textiles, and for 
in order to remove some organic impurities, and, the production of plastic niasnes. such as printing 
at tho same tune, to clarify the glycerin aiul rollers, hectograph &e. The bulk of the 



Fia 

distilled glyeeriii is. h(»wever. employed in tlie 
manufacture of high explosives, such as dyna¬ 
mite, blasting gelatim*, eoribte, &c. 

The yield obtainable from crude glycerin 
depends, Just like tlio distillation itself, on the 
care of the operator. The losses incurred by 
faulty methods are large, and range, within the 
knowledge of tlio author, from as much as 15 to 
oven 40 p.c. A largo proportion of the loss is 
duo to destruction of glycerol with the formation 
of volatile acids an^ acrolein on the one hand, | 
and k) the formation of polyglycerols on tho ] 
other hand. The polyglycerols which' are: 
formed in the course of distillation should 
remain in the still itself, and are found with the 
still residue {sec below, Glt/cerin foots). 

The commonial ‘ distilled glvcerins ’ vary in 
colour from yellow to white; they also vary in i 
their content of glycerol according to their 
sp.gm., which range, as a rule, between 1 *220 and 
1*260. Glycerin, purihed by distillation, should 
contain a very small amount of ash only; 


, 5. 

thereby distilled glyceritus arc easily distin¬ 
guished from crude glycerins. 

The rasidues {'gliji'erin foots') remaining in 
the still, in the case of those crude glycerins 
which contain small proportions of ash (see above, 
i Crude glycerins, I, 2, 3, 4), consist chiefly of 
' polyglycerols and of notable amounts of salts, 
as the mineral matters originally contained in the 
crude material naturally accumulate in the resi¬ 
dues. These residues are used in the manu¬ 
facture of shoe blacldng. Claessen proposed to 
employ them also in the production of plastic 
masses, such as printing rollers, hoctognq|ih 
masses, sizes for textiles, and for waterprooflng 
paper. 

The still re.si(lues from soap lye crude contain 
much lamer amounts of salts than those de¬ 
scribed above. The residues obtained in the 
coarse of distillalion retain such considemble 
amounts of glycerol in addition to polyglycerols, 
salt, sodium carl^nate, sodium acetote, and 
sodium salts of other organic non-volaiilc acids. 































that the accumulated residues are worked up 
for the recovery of glycerin. They are boiled 
up with water, and dilute hydrochloric or sul¬ 
phuric acid is added to decompose the sodium 
carbonate and the organic salts. The organic 
non-volatile acids collect on the surface of the 
liquid as a resinous mass, which is removed in 
any suitable manner. The liquor is then filtered 
and concentrated separately, or is mixed with 
the ordinary soap lyes. As during the concen¬ 
tration of these liquors, aootio a<.?id is volatilised, 
it is advisable to concentrate tlie lyes and distil 
the recovered crude glycerin separate^. 

The distilled gh/ccrins described Aovo con¬ 
tain, BA a rule, amounts of impurities, which 
although small, are yet sufficiently largo to forbid 
the. employment of those distilled glycerins for 
pharmaceutical and dietetic purposes. The ‘ dis- 
tillod glycerins ’ must thorcioro, as a rule, be sub¬ 
jected to a second distillation. If this distillation 
be carried out with sufficient care, the distillates 
give, after concentration and treatment with 
char, the chonucally pure glycerin of cuim- 
inercc 

At a time wlicn tlic ai*t of ])reparing clieinl- 
cally pur(5 glycerin was not k<* far advain^cd as 
it is at present, some clicmioally jiiirc glycerin 
was manufactured by allowing glyoia-in to j 
crystallise, and contrifugaliHing tlio crystals, j 
whereby tin-: impurities were rcinovi'-d with that 
portion of glyc<‘rin wliiidi melted in tln^ eiaitri- 
lugal maeiimo. This process has, how(‘ver, 
boon abandoned, not only on account of its 
costliness, but also on account of the inferiority 
of the product as coinparctd with the best brands 
of chemically pure glycerin obtained by careful 
distillation, as it was found that the crystals 
were apt to occlude impurities. 

The statements found m chemical literature 
that glycerin only crystallises at 40“^, must l>e 
corrected, in so far as glycerin, exposed for a 
long time to a low temperature (-~5‘^ or —10®), 
will gradually crystallise. Thus the autlior I 
frequently found in very cold winters that I 
glycerin, even glycerin of ‘ dynamite quality ’ ! 
wnich had been left undisturlxid for some jiro- 
lon^d time, had crystallised. 

Electro-osmotic processes of decolorising and 
purifying glycerin have been patented (Kng. 
Pats., 144,727, 145,040, 14(5,805, 1920). 

Chemically pure glycerin is obtainable in 
commerce in the following ‘ strengths ’ (concen¬ 
trations) : chemically pure glycerin of 1 *24 
sp.gr., chemically pure glycerin of 1*25 sp.gr., 
and chemically pure glycerin of 1 ’20 sp.gr. 

The chemically pure glycerin of the highest 
sp.gr. approaches, as nearly as is possible for 
a product made on a largo scale, the chemical 
substance glycerol. 

Glycercd (pure glycerin) is an odourless, 
colourless, viscid liquid, having an intensely 
sweet taste. The preparation demanded by the 
Pharmacopoeias of different countries is the 
pfftest commercial article, which consists practi¬ 
cally of glycerol, containing a very small amount 
of water. Glycerol is optically inactive, and is 
neutral to indicators. On exposure to an 
intense cold for a prolonged time, it ci^tallisee 
in rhombic crystals, moltii^ at 20°. With the 
help o! a few crystals, large quantities of glycerol 
can easily be solidified at |he temperature of 
fre^^-point of liT'ater, 


Glycerin is oily to the touch, and produces on 
the sun, especially on the mucous membrane, 
the sensation of heat, due to its absorbing 
moisture from the tissues. The water-absorbing 
power of glycerin is so groat that, on exposure 
to the atmosphere, it takes up as much as 50 p.o. 
of its own weight of water. 

The sp.gr. of pure glycerin has been deter¬ 
mined by several observers, whose statements 
do not agree, owing, no doubt, to the difficulty 
of rcm<»ving the last traces of water. The 
most trustworthy values are the following :— 

sp.gr. 15®/15®-1*2(54(58 ; 
sp.gr. 17*5®/17T)’=1*2()20. 

Kailan (ZcitBch. anal, (.ffiem. 1912, 51, 81) 
obtained values of I •2(5414 at 15‘74®, and 1 *2(5082 
at 2()®/4®, wliicli arc in <*lose agwiomont with 
those recordt'd by other chemists. The relation¬ 
ship between the sp.gr. and temperaturo is 
shown in the following formula (Kailan):— 

Sp.gr. at (74-1 *2(541:5 j (15-/)0*000f532, 

JTovidod a sjiociimMi of chemically pure 
glvccrin satislicH tli(5 qualitative tests described 
Ik'Iow, the proportion ot glycerol in it can be 
found by merely dcteriniiuiig the sp.gr, of the 
sample. Th<? pereiuitage can also bo obtained, 
approximately, from th(^ refractive index of the 
glycerin. 'J’Jie tahk; (p. 438) by Skalweit 
(Repertor. d. Analyt. (Iiemie, 5, 18) gives the 
sp.grs. and refractive indi<-cs, for the sodium ray, 
at 15”, of mixtures of glycerol and water in 
various proportions. 

Other tables for the sp.gr. and the refractive 
indices of glyt;orol solution are given in Lewko- 
witseh’s Ohmii. 'rec.linology of Oils, &c, Lenz 
states that the olwervations of the several 
obicrvcra agree amongst each other within a 
few unit^ of the fourth decimal, whilst the 
difTcrcnces in tlie refractive indices, corn^spond- 
ing to 1 p.c. of glycerol, amount to 13‘5 units of 
the fourth.decimal. By reference to the above 
table, the percentage of glycerol in a sample 
can therefore only 1x5. determined accurately to 
0*5 p.e. (r/. (Jriin and Wirth, Zeitsch. angew. 
(ffiern. 1919,32,59). Boaarl (J. Ind. Eng. Chem. 
1921, 13, 944) has shown that Gorlaeh’s table of 
dp. gr. at 15® 18 sufficicntlv accurate for technical 
purposes, hut that his table of values at 20® is 
inaccurate. 

Wlioro the volume of glycerin is not enough 
to perrnii/ the accurate determination of its 
sp.gr., the refractive index can be ascertained 
with the ai<i of Abbess refractometer. Zeiss*!* 
immersion refractometer has also been applied 
to the determination of dilute glycerin solutions ; 
but it should be noted that the immersion 
refractometer (which is used extensively for 
the determination of alcohol in beer and other 
fermented liquors) does not permit more con¬ 
centrated solutions to be tested than* those 
containing 26^p.c. It is not permissible to 
dilute concentrated glycerin with a known 
amount of water to a lower percentage, and then 
determine the refractive index, inasmuch as 
contraction takes place on mixing glycerin with 
water. 

Glycerin boils under 760 mm. pressure at 
290°, when it undeigoes only slight decomposi¬ 
tion. Upder considerably reduced pressure 
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1*4010 
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1*0024 

1 -3342 

52 

1-1340 

1 -4024 
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1 0048 

1 3354 

53 

1-1374 

1*4035) 

3 

1 •(K)72 

I •33(i0 

54 

1-1402 

1 -4054 

4 

1 •009(i 

1-3378 

55 

1 1430 

1 -4 005) 
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1*0120 

1 -3390 
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1 -1458 
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1*0144 

1 -3402 

57 

1-1480 
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1-4104 
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1 342() 

59 

1 -1542 

1-4129 

9 
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1 34351 

00 

J-J570 

1-4141 

10 

1 -0240 

1 3452 
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1 -1599 

1-4100 

II 
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1 1028 

1-4175 

12 

1 -0290 

1-3477 

1 03 

11057 

1-415)0 

13 
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1-345)0 
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1 -0340 

1 •3ri93 

1 05 

1-1715 
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15 

1 0305 
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1 0(i 
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1 •0390 
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1-1771 
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1 -3508 
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1*1855 
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1 3581 
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! ISH2 

1 -4309 
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1-0510 

1 '3 55)4 

72 

1-15)09 

1 -4324 

22 

1 -0542 

1 3007 

73 

1-I93(i 

1-4339 

23 

l-05«i8 

l-3)i20 

74 

1 15)03 

J -4354 

24 

1 -0594 

1 -30.33 

75 

1 -195)0 

1 43()9 

25 

1-0020 

1 "3047 

70 

1*2017 

1 -4384 
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1-0040 

i'3000 
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1*2044 

1-435)5) 
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! -0072 

1 •3(i74 

78 

1 -2071 

1-4414 

28 

1 -OliOH 

1 -3087 
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1-4429 
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1*3701 
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33 

1-0831 

I -3757 

84 

1 -2233 

1 *4505 

34 

1-0858 

1-3771 

85 

1 -2200 

1 -4520 

35 

1 -0885 

1 -3785 

80 

1 -2287 

1 *4535 

30 

1-0912 

1 -3799 

87 

1-2314 

1 -4550 

37 

1 -0939 

1-3813 

88 

1-2341 

1 4505 

38 

1 -0900 

1 -3827 

85) 

1 -2308 

1 -4580 

39 

1 -9993 

1 -3840 

5)0 

1-235)5 

1 -455)5 

40 

1-1020 

1 -38.54 

91 

1-2421 

1-4010 
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1-1047 

1 -3808 

92 

1 -2447 

1 -4025 
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1 -3882 
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1-2473 
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1 -4084 

40 
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1 -3938 

97 

1 -2575 

1 •405)8 

47 

1-1209 

1 -35)52 

5)8 

1 ^(iOO 

1-4712 

48 

1 1230 

1 -35)00 

5)9 

1 -2025 

1 -4728 

49 

1-1203 

1 -3981 

100 

1 -2050 

1-4742 

50 

1-1290 

1*3990 

—— 





Cf. Wolff (Zpitseh. angpw. CUiom. ilHtt, 32, I). 


glycerin distilH iinohangcd. ^]le viscosity of 
crude distilled glycerin ia reduced during the 
refining prwess, and viscosity measurement is 
therefore a rapid means of determining the degree 
of purity (Kellner, Chem. Zontr. 1921, 92, fiil 
834h 

The following table contains tho most 
trustworthy observations made under reduced 
pressures (cf. aim Richardson, Chem. Soc. 


'I’rans. 1889, 49, 740 ; and Kalian, Zmtsch. anal. 
(Jhem. 1912,51,81):— 


Pressuro 

Boiling-point 

mm. 

'C. 

385-33 

200-4 

347-10 

257-3 

231-87 

250*3 

201 -23 

241-8 

100-81 

220-3 

50-00 

210-0 

45-01 

201-3 

30-00 

191-8 

20-40 

183-3 

12 50 

179-5 

10-00 

107-2 

0-53 

101-3 

5-00 

155-5 

0*24 

118-5 

0-050 

115-110 


Clyciirol is miscible with water in all propor- 
tmtis. On mixing gly<'i“roI with water, a con- 
tracljon of N olimu' and an increase of tempera¬ 
ture take jilace. The greatest increase of 
tem|)ctatnrc. viz. 5’, is obsmvial when 58 parts 
of glycerol {liy weiglil) are mixed with 42 parts 
of waller: the greatest contracl.ion equals I’l 
]).c. (OerJacIi). (Jlycenn <an be completely 
freed from water by allowing it to stand in vaenVt 
over sulplinric acid for sonic jirolongod time. 

Al. tlie ordinary temperature, glycerol does 
not volatilis(‘; at tlie boiling-point of water, 
Jiowever, apprecialilc quantities ewcajio with tho 
watiT vapour. If glycerol bo heated in an 
open disli on a water-bath, a slight Joss is in¬ 
curred, fim-li Jo.ss depcmling on the .sJiapc of tho 
vessi'l (wlu'thor deep or shallow), the area of tho 
surface expo.sod, and the freipicney witli which 
the air over its suiface is renewed. 

The vapour })roH.sure of a dilute solution of 
glycerol rises with the rise of temporaiure of the 
boiling solution, so that considerable amounts 
of glycerol volatilise with tho water vapour. 
Thooroticaily. a mixture of saturated water and 
glycerol vapour, under tho ordinary atmospheric 
pressure, cannot contain more than 0*2 to 
0’3 p.e. of glycerol, provided that the two 
vapours are not miscible. Since, liowever, 
glycerol and water are miscible in every propor¬ 
tion, the composition of tho escaping vapours 
cannot be calculated according to Dalton’s 
law, but must Iw derived from actual observa¬ 
tions. Gerhieh determined, with the aid of a 
vaporimeter, in wliiuh the pressure of the 
vapour was measured by a column of mercury, 
the vapour pressures given in the table on p. 439. 

Up to a concentration of about 50 p.c., no 
glycerol escapes with the water vapours, oven if 
the dilute solutions be kept boiling for a 
prolonged time. At a (concentration of about 
70 p.c., traces of glycerol ©scape from the 
boiling solution (Hehner). The boiling-point of 
such a solution is 113*0° (see table). Above this 
concentration, noticeable amounts of glycerol 
escape, so that the quantitative determination 
of glycerol in an aqueous solution by evaporating 
it down on the water-bath leads to faulty results. 
Even if tho concentration of glycerol solutions 
be carried out in vacu6, considerable proportions 
of glycerol escape with the water vapour when 
the concentration of tho solution exceeds 80 p.c, 
(Lewkowitsch). * * 
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Vapoce Tensions of Glycerol and of 
Aqueous Solutions of Glycerol (Geklach). 


Glycerol, 

1> c. 

Water, p.c. 

B.p.at760mm Vappreswire 
presMuro, at 

KKl 

0 

290 

1 li-i 

91) 

1 

239 

87 

98 

2 

208 

J07 

97 

3 

188 

126 

96 

4 

175 

144 

95 

5 

164 

162 

94 

6 

156 

180 

93 

7 

150 

• 198 

92 

8 

145 

215 

91 

9 

141 

231 

90 

10 

138 

247 

89 

11 

135 

263 

88 

12 

132-5 

279 

87 

13 

130*5 

295 

86 

14 

129 

311 

85 

15 

127 5 

326 

84 

16 

126 

340 

83 

17 

124 5 

355 

82 

18 

123 

370 

81 

19 

122 

384 

SO 

29 

121 

396 

79 

21 

120 

49H 

78 

22 

1 19 

419 

77 

23 

UK 2 

430 

76 

24 

117 4 

440 

75 

25 

J16*7 

459 

74 

26 

ik; 

469 

73 

27 

115-4 

479 

72 

28 

lU-H 

489 

71 

2‘) 

114-2 

489 

79 

30 

113-6 

496 

65 

35 

1113 

553 

60 

49 

109 

565 

55 

45 

J07 5 

593 

50 

59 

I0() 

618 

45 

55 

105 

639 

40 

(;() 

104 

657 

35 

65 

103*4 

675 

30 

70 

102*8 

690 

25 

75 

102*3 

704 

20 

80 i 

101 *8 

717 

10 

90 ! 

100*9 

740 

0 

KM) i 

100 

760 


Glycorol is niiHCible with alcohol in all pro- 
portions. It disHolvos easily jh a. mixture of 
aioohol and ether, but is sparingly soluble in 
ether alone, one part of glycerol, sp.gr. 1*23, 
requiring about 500 parts of ether. It is 
therefore impossible to extract glycerol from its 
aqueous solution by means of ether. Glycerol 
is soluble in acetone. Nine parts of glycerol 
dissolve in 100 parts of ethyl acetate. It is, 
however, insoluble in chlorolorra, light petro¬ 
leum, carbon disulphide, or benzene; it is also 
insoluble in oils and fats (Lewkowitsch). 

On heating glycerol slowly in a platinum disli 
to 150°'-160‘’, it evaporates gradually without 
leaving a residue; aO 150^ it will bum with a 
bluish non-luminous flame without omitting any 
odour. If, however, glycerol is heated rapidly 
in a platinum dish, it bums with formation of 
acrolein, and yields a residue consisting of 
pol;^lycerols. 

^6 penetrating smell of*acroIeln (which is 


also noticeable when glycerides arc burnt, *-.g, 
when an oil lamp or a tallow caudle has been 
blown out) serves as the most characteristic 
reaction for the detection of the smallest quan¬ 
tities of glycerol. For this purpose, it is best to 
mix the sulwtance under examination with 
clrliydrating sulwlancea, kucIi os potassium 
; hydrogen suljiliate, and hi'iit rapicUy, wlion 
: acroleitu is readily formcil. The most delicate 
for d<5te<'ting acrolijn m an aqueous 
solution iH an ammoiuacal solution of silver 
nitrate (reduction to metalli<5 silver .with pro¬ 
duction of a mirror). With SchitT's reagent, a 
solution of rosaniline whicli lias been previously 
(h'colonscd by sulphur <lio.\ido, the pink colour 
is restored, 'flu? latti'r reaction, however, is 
h;aa delicate tlian the silver test. 

Glycerol lias powerful solvent properties ; 
it combines in this respect the properties of 
water and of ordinary alcohol; many substances 
dissolve even more easily in jt than in either of 
thase two latter liquids. The following table of 
solubilities will siM-vo to illustrate* this :— 

100 [larts of glycerol dissolve aX 15” 08 parts 
of crystal soda ; 00 parts of borax ; 50'5 parts of 
]iotas8ium ai’senate : 50part-s of soilium arsenate* 
50 pait-s of ziiK! I'liloride; 48‘H parts of tannic 
aeid ; 40 parts of alum ; 40 parts of zinc iodide ; 
40 parts of potassium iodide ; 35’2 parts of zinc 
sulphate; 32 jiarts of potassium cyanide; 
30 Jiarts of copper suljihate ; 25 parts of^ ferrouB 
suljiliato; 25 parts of jiotassium bromide; 
20 parts of lead acetate ; 20 parts of ammonium 
carbonate ; 20 jiarts of arsenious acid ; 20 parts 
] of arsenic aeid ; 20 parts of ammonium chloride ; 

I 15 partj4 of oxalic acid ; 11 parts of boric acid ; 
10 Jiarts of barium chloride ; 10 parts of copper 
acetate; 10 parts of benzoic acid; 8 parts of 
sodium bicarbonate; 7*5 parts of mercuric 
I chloride; 5 parts of calcium sulphide; 3'7 
j Jiarts of potassium chloride; 3*5 parts of 
; pota8aium*chlorate ; 1 i) parts of iodine ; about 
J part of calcium suljihatc ; 01 part of sulphur ; 
0*25 part of phosphorus. 

An aqueous glycerol solution, of tho sp.gr. 
l‘U4, dissolves 0'957 p.c. of calcium sulphate. 
Metallic soaps (which are insoluble in water) are 
to some extent dissolved by glycerol; thus: 
100 parts of glycerol, sp.gr. 1*114, dissolve 
0*71 part of iron oloate, 0*94 part of magnesium 
oloate, and 1 *18 parts of calcium oloate. 

Glycerol is completely oxidised to carbon 
dioxide and water by potassium dichromate in 
an acid solution, in a dilute aqueous solution, 
•and in tlie presence of caustic alkali, potassium 
permanganate oxidises glycerol so definitely to 
oxalic acid and carbonic acid (under the con¬ 
ditions stated below) that this reaction may be 
used for its quantitative determination (provided 
no other organic substance yielding oxalic acid 
bo present). 

Dry potassium permanganate reacts violently 
with concentrated glycerol. If finely powdered 
pota&ium permanganate be heaped up to form 
a small truncated cone and concentrated glycerol 
be poured into a hole made on the top, fumes 
escape; after a very short time the glycerol 
commences to froth and ignites sponteiieously 
with violent evolution of gases. 

Glycerol treated with hydrogen peroxide in 
presence of a ferrous salt yields glyceHc aldehyde 
OHaOHCHOH*CHO. 
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By gentle oxidation with nitric acid, glycerol 
yields glyceric and oxalic aciidfl, together with 
lormic. gIycoIli<^ glyoxylie, and racemic acids. 
The glyceric acid ho obtained is a racemic com¬ 
pound winch can be resolved into optically 
active onantiorn()r])li()UH glyceric acids (Lewko- 
witscli, Her. ISHIl. 272U). 

A Htnmg a(iii(!ouH Holution of glyc^orol reduces 
Barreswil’s (Kcliling'n) solution only slightly. 
On boiling tho solution for 10 minutes, and 
allowing it to stand for 24 to 48 hours, a rod or 
a yellow proeipitati' is olitained. If, however, 
the glycerol be diluted previously witli 10 times 
it.s bulk of water, no nHliiction ocemrs. 

A mixture of glyciTol and silver nitrate 
solution hi'ateil at tlie temperature of boiling 
water witii a few dro|)K ot ammonia, gives a 
precipitate of inctaih<' siIvit. If ammonia 
solution be addiMl to glycerol m tlie cold, and 
heat bo then applied, as a rule no reduction tukea 
place on adtling silver nitrate, because the 
ammonia escapes befon* the glycirol has been 
heated sullicimitly ; tlie addition of caustic soda 
or potasli, )yiw(“vcr, caustss iiietalUe silver to 
separate, slowly. According to Bulliiheiiner, 1 
part of metallic silver eoiresponds witli JI‘il 
parts of glycirol. 

(iJycerol dissolves caustK! alkalis, alkaline 
earths, and lead oxide, to form i.liemical com- 
]K>uiids with tliein. 'I’he compounds so formed 
are ti^rnied metallic glyccroxidos. Jjinu', strontia, 
and baryta an^ ])re<‘ipitated nearly eomjiletelv 
from such solutions by carbon dioxide, a sinall ; 
quantity only of the earths escaping precipita- ! 
tion. In the preseiic(‘ of caustic alkalis, glycirrol ; 
also dissolves feme oxid<*, cupric oxide, and , 
bismuth oxid(\ no doubt in consequence of th<^ | 
formation of soluble conqxnmds (metallic | 
glyccroxid('.s), such as are repn'sented by mono- 
sodiumeuproglyeeroxide {see below). The | 
oxides enunuiratod abovi^ arc not reclucod to 
metals, or at. most only to their lo^er i»\i;les, 
Tho following oxides • silver oxide (cfi. above), 
gold oxide, inercury oxide, rhodium oxide, 
palladium oxide, and platinum oxide (Ag^O, 
Au.Os, HgU, KhOo, PdO, PtOj), art* reduced*to 
metals when heated with alkaline glycerol solu* 
tio\i (Bullnheimor). 

Tho groat solubility of zinc sulphate, as also 
of nickel, cobalt and i*opper sulphates, m glycerol, 
is explaineil by the fact that these salts combine 
with three molecules of glycerol to form com¬ 
pounds (Oriin, Her. 1908, 3405) of tho general 
formula: 

For those compounds, the name ‘ glj’cerinates ’ 
has been proposed by (Iriin, in order to distin¬ 
guish them from tlio metallic glyceroxides 
•doscribod above. 

Quantitative Determination of Glycerin. 

Hero only tho determination of glycerol in 
commercial products oontainfhg considf-rable 
quantities of it can be considered. The deter¬ 
mination of glycerol in fermented liquors falls 
outside the scope of this article (see Beer, 
Wins, &c.). For a description of its methods 
for quantitative determination, see Lewkowitsch, 
Cbem. Techn. 1. For its determination in 
fermentation glycerin, v. Fleischer, * Z. anal. 
Chom. 1921, 60, 330. 


A direct method for determining glycerol 
in oils and fats by isolating it, has been worked 
out by Shukoif and Schestakoff. It is necessary 
to operate with a solution containing at least 
40 p.c. of glycerol. If the solution be more 
dilute, a quantity corrraponding to about 
1 gram of glycerol is carefully evaporated on 
tho water-bath, tho concentration not being 
allowed to roach so high a degree that volatilisa¬ 
tion of glycoroi can take place (i.e. a concentra¬ 
tion of about 50 p.c. must not l>o exceeded). 
Before evaporating, the solution is rendered 
I slightly alkaline with potassium carbonate. 

; 'riio concfmtrated solution is then mixed with 
i 20 grams of ignited and powdered anhydrous 
I sodium snljihate and exhausted in a Soxhlet 
I extractor with anhydrous actetone (previously 
^ well dried ovit ignited potassium carbonate), 
j As acetone attacks both cork and indiarubber, 
i all connections must be made with ground-glass 
I fittings. The extraction requires several hours, 

: and tlie results, at best, arc only approximately 
I correct. 

I As a rule, tho determination of glycerol in 
! oils and fats is carried out by one of the following 
indir(!ct methods. 

Permanganate process. Tlio glycerol solu- 
; tion is made strongly alkaline and a conccn- 
i trated solution of potas.sium permanganate is 
; added at th<! ordinary temperature, until the 
i solution is blackish. The glycerol is convert^ed 
. ipiantitativoly into oxalic acid, carbon dioxide,, 
and water, according to the following equation : 

C,HeO,d 3G,-CJi,Oi fGO, + 3TI.O 
This reaction, originally suggesk-d by Wanklyn 
and Fox, lias been worked out as a 
quantitative nietfiod by Bonedikt and Zsig¬ 
mondy. The excess of permanganate is de¬ 
stroyed by adding a solution of sodium sulphite, 
and tho oxalic acid is determined by precipitating 
it as calcium oxalate. It. is essential that other 
substances which f<irm oxalic acid on oxidation 
must bo alxsent. (For a full description of the 
details of this method, cf. Lewkowitsch, Chem. 
Techn.) Other oxidation methods leading 
to the complete combustion of glycerol, can 
only be employed in the complete absence of 
organic impurities. 

Acetin proems. In case an impure glycerin 
be under examination (such os the crude gly¬ 
cerins described above), it is most convenient to 
determine the proportion of glycerol by the 
Benodikt-Cantor acetin proceiis, which is based 
on the quantitative conversion of glycerol into 
triacetin on heating tho solution with acetic 
anhydride. If the product of this reaction is 
then dissolved in water, and the free acetic 
arid carefully neutralised with alkali, the 
dissolved triacetin can be easily estimate by 
saponifying it with a known volume of standard 
alkali, and titrating back the excess. 

Details of the method are given in the 
Report of tho International Committee on the 
Anal^is of Glycerin (p. 441). 

Chemically pure glycerin. The )^roportion 
of glycerol in chemically pure glycerin is^ best 
ascertoined by determining the sp.gr. (see table 
on p. 438) or by oxidising the glycerol by means 
of permanganate, provided organic impuritiM 
be absent. This is ascertained in the following 
manner: A aomeVhat dilute solution is mixed 
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with a cold ammoniacal silver nitrate solution ; 
the solution should remain colourless even after i 
standing for 24 hours. Any acrolein present in 
the sample is detected by the test described , 
above. Any polyglycerols, due to fa\ilty | 
distillation, are determined by allowing an I 
accurately weighed quantity of the sample to j 
evaporate gently at IbO"'. Care should bo taken i 
not to heat too rapidly, otherwise oven the purest , 
glycerol may Uicoiiie polymerised with tlie : 
production of the very substances that are to ; 
no detected. From the weight of tlic residue, 
the weight of ash, sulwequently found on iiK'ine- 
ration, must be deduct^^d. The fiffereneo 
(‘the organic resi<liie’) is a fair imlieation of 
the care with winch the g!ye(*rol Inis been 
manufactured. 

The following tabhi giv(‘S the ‘ organic 
residue ’ and ash of a number of ‘ cluunically 
pure glycerins’ examined m the autlior’s 
laboratory ; tliey are arranged a<‘(‘ordmg to the 
amount of organi<^ r«*si<Iiie they cotitain . — 

Ona\Nic JlnsiDuii and Ash in (’oMMicnciAL 

OUKMIOALIA' JMiKH (JlVCRKINS. 

(Lc'wkowitscli.) 


No. 

Residue at. ifid” 

Ash 

OrpiUiic residue 


]M- 

p.r. 

P e 

1 

0*03033 

0*00(503 

0*0243 

2 

U*027(; 

0*0030 

0*0246 

3 

0*0377 

0*0050 

0*0327 

4 

O-IMOS 

0*013H 

0*0360 

5 

0*04.52 

0*0081 

0*0371 

6 

0*0509 

0*0060 

0*0443 

7 

0*0(556 

0 0139 

0*0517 

8 

0*0748 

(D4000 

0*0738 

9 

0*0!M)5 

0*01.54 

0*0751 

10 

0*1047 

0*()!1K) 

0*0857 

11 

0*1236 

0*0305 

0*0931 

12 

0*1621 

0*0183 

0*1438 

13 

0*8060 

0*2090 

0*5970 


From this table, rules for the valuation of 
commercial ohomically j>ure glycerins may bo 
derived. The first six samples certainly deserve 
the name of chemically pure glycerin, the. follow¬ 
ing four samples represent lower qualities unfit 
for pharmaceutical purposes, whereas tlie last 
two samples are meridy glycerins, rolinod by 
distillation; the last sample would be rejected 
as unsuitable even by dynamite makers. Sample 
No. 2 represents a chemically pure glycerin, 
manufactured by the author on a, large scale 
from soap-lye glycerin, in 1890 {cf. Ixswkowitsch, 
Year-Book of l^harmacv, 1890, 382; cf. also 
Thorpe, J. Soc. Chem. ihd. 1895, 720). 

Chemically pure glycerin must further be 
free from all but the most minute traces of 
arsenic. This is ascertained by a modification 
of Gutzeit’s lest {cf. Lewkowitsch, ChemTochn.) 
sul^tituting mercuric chloride for silver nitrate. 

According to Keblcr and Fuller (U.S. Dept. 
Agric. Bureau of Chem. Bull. 1912, lfK>), glycerin 
of the best quality should be neutral to litmus, 
leave no ash on ignition, and have sp.gr. of 
about 1*260 at 25^. It should not emit any 
odour when heated on the water-bath, or any 
fruity odour when warmed with alcohol and 
sulphuric acid. It should not contain sulphates, 
omorides, oxalates, metals, or siq^ars, and when 
mixed with an equal volume of water must 
not reduce Barreswil’s (Fehliftg’s) solution. It 
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should show at most a yellow coloration in 
liter’s test, according to which 6 c.c. of the 
sample are mixed with 5 c.c. of 26 p.c. 
ammonia solution, and 5 drops of silver nitrate 
solution, and left in the dark for 15 minutes 
at the ordinary temperature. 

The British Pharmacopoeia (1914) requires 
glycerin to have sp.gr. 1*260, to leave no 
appreciable asli, to ho free from lead and 
copper, and not to contain more than 2 parts 
of arsenic ])cr million. 

Distilled glycerin (dynamite glycerin). The 
proport ion of glycerol in tlH«o producks is best 
detcrmiiKMl by the aoctin method. ‘Dynamite 
glycerin ’ is usually sold acconling to a specifica¬ 
tion agreed U{)on l>ctwecn buyer and seller. The 
following eonditioiiH are usually stipulated: 
sp.gr. not Ix'low 1*261 ; alxsiuice of linse, magnesia 
aiid alumina; absence of more tlian traces of 
chlorine and of ars(*nic; amount of organic 
impuritioH, and total residue not to exceed a 
fixed quantity. In additiori thereto, the 
‘nitration and 8e[)ara1-ion ’ tests must bo satis¬ 
factory. 

Crude glycerins. All commercial transac¬ 
tions are now based on t he following Report of 
the JnUTuationa! t’omniitka) on the Analysis of 
Oude (.j|y<5onn (1911), the ini])ortanec of which 
demands that it should bo givtm in full;— 

Intkknational Standakd Mehiod-s (1911). 

‘ Analysis of Crude Glycerol. The valuation 
of crude glycerol linx in recent years assumed 
griiater eominereial importance owing to the 
inerea.sed value of the commodity. The want 
of uniformity in tlie nudhods and processes of 
analysis, together witii th<5 irregularity of the 
results obtained, emphasised the desirability 
for the standardisation of crude glycerol 
analysis ; so witli tliis object in view committees 
were formed in America, Franco, Germany, and 
Groat Britain. These committees worked in 
the first instance independently, but wore ulti¬ 
mately brought together, and after a series of 
conferences the conclusions arrived at by the 
various committees were summarised, a;id 
drawn up in the form in which they are now 
resented. The methods detailed in this report 
ave the unanimous support of each of the above 
committees, and are strongly recoinntfended by 
them as International Standards. 

‘Sampling. The most satisfactory method 
available for sampling crude glycerol liable to 
contain suspended matter, or which is liable to 
deposit salt on settling, is to have the glycerol 
sampled by a mutually approved sampler as 
soon os possible afU^r it is filled into drums, Bht 
in any case before any separation of salts has • 
taken place. In suefi coses he shall sample 
with a sectional sampler (a suitable sampling 
apparatus is described in an appendix to the 
report), then seal the drums, brand them with a 
numl^r for identification, and keep a record 
of the brand number. The presence of any 
visible salt or other suspended matter is to be 
noted by the sampler, and a report of same made 
in his certificate, together with the temperature 
of the glycerol. Each drum must be sampled. 
Glycerol which has deposited salt or other 
matters cannot be accurately sampled from the 
drums, but an approximate sample can he 
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obtained by rneanH of tho seot-ional sampler, 
which will allow a complete vertical section of 
the glycerol t(j be taken, including any deposit. 

‘ Analysis. (1) Detormination of Frfc. Caustic 
■ W<'igli 20 grams of the sample into a 
100 V r. fbisk, dilute with approximately 50 e.e. 
of fresidy-boiled distdled water, add an excess 
of neutral bniiutn rld<»nde solution. 1 e.c. of 
plien(df)hti)al('in solution, make up to tho mark, 
and nnx. Allow tlx' f»recipitatc to settle, ilraw 
off .50 <-.c. of the clear li([Uid, and titrate witli 

normal acid t'alculale to p.e. of Na_;(.) 

existing as caustb' alkali. 

‘(2) thtirmnidUoii of J,s7/, Toiat Alhi- 
limtu.- 2 to 5 grams of the sample in a 

platinum dish, burn olT tlui glycerol over a 
luminous Aigand burner, or otlier source ot 
lu^at giving a low-flame tempeivitiiri’, th<‘ 
temperaturi'H lieing kept low to avoul volaldisn- 
lion, and the formation of sulphides. When the 
mass IS charred l.o the piuiit that water will not. 
heroine coloured hy soluhle organx’ matter, 
lixiviate with hot. liisldh'd water, IiIUt, wash, 
and ignite the r«‘si<lue in the platinum dish, 
lli'turn the iillial<‘ and washings to Ine dish, 
r'vaporati', and earidully ignite without fusion. 
Wi'igh tlx* ash. Ihssolve the ash in distilled 
water, and titrate total alkalinity, using as 
iixlieator methyl oiaiige cold or litimis boding. 

Ikirnninutiov of AJkah ])rciirnl as 
('<trho)i<ifr —Take lO gram.s of the samph'. 
dilute with .51) e.e. disldletl water, add sullieient 

N 

j aeiii to ix*utralise the total alkali found at 

(2), boil under a rellux eoixh'ii.ser for 15 to 2d 
minutes, wash down the condoiiser lube with 
distdled wiitm' free from carbon dioxide, 
N 

and titrate back with j NaOJf. using phenol- 

]ihthalein aa indicator. (lakailate *the p.e, of 
Na_,(). Deduct the Na^jO found in (1). The 
dilTei’ence is tlx* p.e. of Naj,0 existing as car¬ 
bonate. 

‘(4) AlhiJi cwiJjiiuil with Onjuiik Acids .— 
The sum of the p.e. of Na_,() found at (1) and 
(if) deducted from tlx* ]i e found at (2) is a 
measure of tlx' Na„() or otix'r alkali combined 
with organic acids. 

' {ri)^’])('tinmuaiion of AchIUii .—Take 10 
grams of the sample, dilut-e with .50 c.c. of dis¬ 
tilled water free from earhon dioxide, and 
N 

titrate with j NaOTl aixl jihenolphthaloin. 

Express in terms of NaA) required to neutralise 
100 grams. 

‘ (fi) Determination of Total Ilesiduc at 100'’.— 
For this determination the crude glycerol 
should bo slightly alkaline with Na^t'O^, not 
exceeding tho equivalent of 0*2 p.e. Na20, in 
order to prevent loss of organic acids. To avoid 
formation of polyglycerol, this alkalinitjj must 
not bo oxeceded. ’ * 

‘ Preparation of (thieerol .—Ten grams of the 
sample are wc'ighod into a 100 c.c. flask, diluted 
with water, and tho calculated quantity of 
N 

I HCl or Na.//03 added to give tho required 

degree of alkalinity. The flask is filled to 100 
C.C., tho contents mixod, and 10 c.c, measured 
into a weighed l*etri or similar dish 2*5 inches 


! diamotor and 0*r> inch deep, which should have 
; a flat bottom. Xn tho case of crude glycerols 
abnormally high in organic residue a leas quan* 

■ tity is to be evaporated, ao that the weight of 

■ organic residue does not materially exceed 
JIO 1.0 40 milligrauiN, 

j ‘ h'raporation of tiu (th/rnol .—The dish is 
placed ill a water-bath (the top of tho 100® 

: oven ai'ts e({ually well) untiimostof tho water has 
evaporat'd. From this point the evaporation is 
effected in the oven. Satisfactory rosults are 
obtained in an oven measuring 12 inches cube, 

I having an non plate inch thick lying on the 
1 bottom •to di.strihutc the heat. Strips of 
' asbestos millboard arc placi'd on a shelf half- 
I way iij) the oven. On these strips the dish 
‘ containing tlic glycerol is jilaced. 
j ‘ It tho temperature of the oven has been 
i adjusted to IbO'’ with the door closed, a tem- 
\ [lerature of DIO® to 14()‘' can be readily main- 
: tained with the door jiartially open, and the 
' glycerol, or most of it. .■should be ('vaporated off 
at this t ('mperatur(' Wlx’ii only a slight vapour 
; is sei'ii to eome off, the dish is ri'iiioved and 
; alkiwed to cool. 

' An adilition of 0 5 to I <■.<•. of water Is 
ma<le, and by a rotatory motion the residue 
I brought wholly or rx'aily into solution, Tho 
: dish IS then allowed to remain on a water-bath 
' or top of tlx* oven until the excess water has 
1 I'vaporated and tlie residue is m such condition 
1 that oil returning t.o the oven at 150® it will not 
j sjiil. The tiini* taken uj) to this point cannot 
; bo delinitely given, nor is it ol importance, 

: Usually 2 to 5 liours are required. From this 
point, however, the schedule of time must be 
I sti'ietly adlx'ied to. Tlie dish i.s allowixl to 
remain in the oven, the temperature of which 
I IS carefuliy maintained at 150' for one hour, 

I when it is removed, cooled, the re.sidue treated 
; with water, and tho water evaporated as bidore. 

I The revsidue is tlien subjected to a second baking 
i of one hour, after which tlie dish is allowed to 
cool in a desiccator over sulphuric acid, and 
weighed. Tho treatment with water, Ac., is 
repeated until a constant loss of 1 to 1 *5 milli* 

! grams per hour is obtained. 

‘ ('orrectiinis to he applied to the Weight of 
: Total Itesuiiie. —Tn the case of acid glycerol, a 
correction must be made for the alkali added, 
i N 

' Ono e.e. j alkali represents an addition of 

0*022 gram. In tho case of alkaline crudes a 
j correction should be made for the acid added. 

’ Deduct tho increase in weight due to tho con- 
' version of the NaOH and Na2003 to NaCl. 

• Tlio corrected weight multiplied by 100 gives 
the percentage of total residite. at 150®. 

‘ Preserve the total residue for the det-er* 

: mination of tho non-volatile acetylisable im¬ 
purities. 

‘ (7) Organic Residue. —Subtract the ash 
; from tho total residue at 160®. {Note. —It should 
be noted that alkaline salts of organic acids 
arc converted to carbonates on ignition, and that 
the CO3 radicle thus derived is not included in 
the organic re»sidue.) 

‘ (8) Moisture. —This test is based on the 
fact that glycerol can be completely freed from 
water by allowing it to stand in vacud over 
sulphuric acid o^ phosphoric anhydride. Two . 
to throe grams of very bulky asbestos freed 
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from aoid soluble matorial, wliieh )ias previously 
been dried in a water-oven, arc placed in a 
small stoppered weighing-bottle of about 
15 c.c. capacity. The wcjghing-bottle is kept 
in a vacuum desiccator fiirnisliod with a sujiply 
of conepntratod H\ilpliuri<‘- acid under a prcHsurc 
equivalent to I to 2 min. of mercury, until 
constant in weight. From I to I *5 gram of tlie 
sample is then care.fully dropped on to Mie 
asbestos in such a way that it will he all abscu bed. 
The weight is again taken, and tlie bottle 
replaced in the di'siceator under 1 to 2 mm, 
pressure until constant in weight. At 15" the 
weight 18 constant m ahoui 48 hours, ^t lower 
temperatures the test is jirolonged. 

‘ The sulphuric aeid in <4ie dc-siecators must 
be frequently renewed. 

* Acetin Process for Glycerol Determination. 

This process is tlie one agreed ujion at a Con¬ 
ference of Delegates from thi! Anicncan. Dritisb, 
French, and (Jermau (knmnittees, and has been 
confirmed by each of tilu' above (’ouimitteiis as 
giving results nearer to tlio truth on (crudes in 
gem^ral, and is tlu' proee.ss to be used (if ajqiUc- 
able) wlienover only one method is employed. 
On pure glyccirols the methods aro uientical 
with those of the dicjiromut^’ process. For the 
application of this ]>rocess tlie crude glycerol 
should not contain o\ei ,50 p.c, water. 

‘ The following ii-agcnts are r<‘<juire(l:— 

‘1. Bed Acetic Anlniihide, —'I’his should he 
carefully sidoeted. A good snnj)io must not 
require more than Ud e e. normal NaOlf for 
aaporiificatioii of the impurities wiien a blank is 
run on 7Ti e.e. Only a slight colour should 
develop during digeslion of the blank. 

‘2. Pure Fu-ned Sodiiiiii Acetulr. —'FJie pur¬ 
chased salt IS again completely fused in a 
platinum, silica, or nickel thsh, avoiding charring, 
owderod quickly, and kypt in a stoppered 
ottio or a desiccator. It is most imjiortant 
that the sodium aectati^ be anhydrous. 

‘ 3. A Solution of Soiliwm Hydroxide, for 
Neutralising, of almd N Strength, free from 
Carbonate. —^This can be readily made by dis¬ 
solving pure sodium hydroxide in its own weight 
of water (preferably water free from carbon 
dioxide), and allowing to settle until clear, or 
filtering through an asbe.stos or paper filter. 
The clear solution is diluted with water free 
from carbon dioxide to tlie strength required. 

‘ 4. Normal Sodium Hydroxide, free from 
Carbonate. —Prepared as abo\.'', and carefully 
standardised. 

‘ Some sodium hydroxide solutions show a 
marked diminution in strength after being 
boiled ; such solutions should bo rejected. 

‘ 5. Normal Acid. —(WefuIIy standardised. 

‘b. PhenolplUhaUin Solution. —0*5 p.c. phenol- 
phthalein in alcohol and neutralise. 

* The Method. —Into a narrow-mouthed flask 
(preferably round-bottomed), capacity about 
120 C.C., which has been thoroughly cleaned and 
dried, weigh accurately and as rapimy as possible 
1’26 to 1'5 grams o! the glycerol. Add first 
about 3 grams of the anhydrous sodium acetate, 
then 7'5 c.c. of the acetic anhydride, and connect 
the bask with an upright Liebig condenser. 
For oonyenience the inner tube of this condenser 
should not be over 60 cm. long and 9 to 10 mm. 
inside. 

‘ The flask is connected w the condon^r i 


j by either a ground glass joint (preferably) or a 
, rubber stopper. If a rubber stopper is used, it 
should have had a preliminary treatment with 
hot acetic anhydride vapour. 

‘ Heat the contontjs and keep just boiling 
for 1 hour, taking precautions to pnn'ent the 
, salts drying on tlio sides of the flask. Allow 
the flask to cool somewhat, and through the 
' condenser tubi* aild 50 c.c. of tlie carbon-dioxido- 
free distilled water, heated to about 80'', taking 
! care that tlie flask is not loosened from the 
\ eondenser. The object of cooling is to avoid 
any suddim rush of vapours from the flask on 
adding water, and to avoid bri^aking the flask. 
Time 18 saved by adding the water before the 
eontenf-s of the flask .solidify, but tlie contents 
may be allowial to solidify, and tlio test pro¬ 
ceeded with live next day without detriment. 
The contents of the flask may bo w'armed to, 
but must not exceed, HtF, until the solution 
IS eomj)Jet(‘, exee])t a few dark flocks repre¬ 
senting organic imjmntios iii tlio .crude. By 
giving the flask a rotatory motion solution is 
more ijuiekly elTe<'U‘d. (Viol fhe flask and 
eontiMils without loosening from eondenser. 
When ((uito ('old wasli down the inside of the 
condenser tube, detaeli the flask, wash off 
stopper or ground glass eoiineetion into tho 
Mask, and filter contents of flask through an 
acid-washed filter into a Jena glass flask of 
about I lif re capacity. Wash thoroughly with 
cold distilled water free from carbon dioxide. 
Add 2 e.e. of plienolphthalein solution (F), then 
run in sodium liydroxide solution (C) or (D) 

I until a faint jiinkisli-yellow colour appears 
I throughout the solution. This neutralisation 
[ must be done most carefully. The alkali should 
I b(» run down the sides of the flask, tho contents 
j of which are kojit rapidly swirling, with occasional 
j agitation or change of motion, until the solution 
I IS nearly m^itralisod. as indicatcul by the slower 
! disappearanee of tho colour dev('loped locally 
by tho alkali running into tlio mixture. When 
this point is readied the sides of tho flask aro 
washed down with earbon-dioxide-freo water, 
and the alkali subseijuently addend drop by drop, 
mixing after each drop until the desired tint jib 
obtained. 

‘ Now run in from a burette 60 c.c. or a 
N 

calculated excess of NaOH with -j tk^id (E) 

until tho pinkisb-yellow or chosen end-point 
colour just remains. A further addition of the 
indicator at this point will cause a return of the 
pinkish colour; this must lie neglected, and tho 
first end-point taken. 

N 

‘ From the ^ NaOII consumed calculate the 

percentage of glycerol after making tho correc¬ 
tion for the blank test di^scribed below. 

‘ i c.c. of ^ NuOH 0'030(i9 gram of glycerol. 

The cbefficient (tf expansion for normal solu* 
tions is approximately 0*09033 per c.c. for each 
degree C. A correction should be made on 
this account if necessary. 

‘ Blank Test .—As the acetic anhj^dride and 
sodium acetate may contain impurities which 
affect the result, it is necessary to make a blank 
test, using tho same quantities of acetic uihj^- 
dride and sodium acetate as in tho analysis. 
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Aftor neutralising the acetic acid it is not 
necessary to add more than 6 c.c. of the ^ 

alkalj (1)), as that represents the excess of 
alkali usually left after saponification of the 
triacetin in the glycerol dett'rmination. 

‘ Dfte.rmirmhon of the Gli/cerol Value of the 
Acetymbk /mpan/fc,, —The total residue at 
IIW" is dissolved in 1 or 2 c.c. of water, washed I 
into a clean acetylising flask, 120 c.c. capacity, 
and the water cvuporatisl Now add anhydrous 1 
sodium acetate and proceed as in f.hc glycerol ^ 
determinations hcfoi-c dcscrdicd. Calculate the 
result to glycerol. 

'Anah/.a.i of the Aeetie Aiihyilruir.- hiU> a 
weighed stopjicred vessid. eonlinning 10 to 20 c.c. 
of water, run ahout 2 e.e. of the anhydruie, 
replace stopper, and weigh; allow t.o'stand’, 
with occiuuonal shakulg for .several hours, 
till all anhydride is hydrolysed ; then dilute 
to about 2fM) c.c., add phcnolphthaleiu, and 

titrate with j NaOll. Tina givra the total 

acidity due to free acetic acid and acid formed 
from anhydride. 

' Into a af,o|ipered weighing-hottle eoiitaining 
a known weight of reeeni.ly distilled aniline I 
(from 10 to 20 c.c.) measure about 2 c.c. of the 
sample stopper, mix. allow l.o cool, and weigh. 
Wash contents into ahout 200 e.e. of eohi 
water, and titrate acidity as before. 'I'liis 
yields the acidity due to the original, preformed, 
acetic acid plus one half the acid due |.o anhy¬ 
dride (Che other half having formed acetanilide); 
subtract the second result from the first (both 
calculated for 100 grams) and double result, 

obtaining c.c. ^ NaOff per 100 gram sample. 

One c.c. NaOir equals O-tl.blO gram of acetic 
anhydride. 

‘ OlClHROM.VTK I’llOCKS.S FlIU t.'LYIIKROL DktBII- 
MINATION. 

required. («) Parc Potassium 
Jjtrhroniatc j)ow<iort‘<l and dru’d in air froo from 
dast or organic- vapours at J10' to 120^ Tins is 
taken as tlio standard. 

Dilute Dichmmaie Solution. —7'4504 
grams of the above dicliromato (cf) arc dissolved 
in disl^led water and the solution made uw U> 
a litre at 15-5''. 

‘ yerrous Ammonium Sulphatc.~\Y\fiscA\o 
3'7282 granjft of potassium diohromato («) in 
60 c.c. of water. Add 50 c.c. of 50p,c. (by volume) 
®*“P^wrio acid and to the cold undiluU'd solution 
add from a weighing-bottle a moderate excess 
of the ferrous ammonium sulphate, and titrate 
back with the dilute dichromato (5). Calculate 
the value of the ferrous salt in terms of dichro- 
mate. 

{d) Silver Carhonaie. —Tills i.s prepared os 
required ; for each test from f40 c.c. of b*5 p.c. 
silver sulphate solution by precipitation with 

about 4-9 c.c. j- sodium carbonate solution 
^ little than the calculated quantity of 
j sodium carbonate should be used; any 

excess of alkali carbonate pyjvcnls rapid settling), 
settle, decant, and wash once by decantation. 


‘ (c) Sifbaceiate of Lead ,-—Boil a pure 10 p.c, 
lead acetate solution with an excess of litharge 
for one hour, keeping the volume constant, and 
filter while hot. j)isregard any precipitate 
which subsequently forms. Preserve out of 
contact with carbon dio.\ide. 

‘ (/) Potassnm Ferron/anide.—A very dilute 
solution containing about ()•! p.c. 

‘Tjik MjiTjion.—Wcigli 20 grams of the 
glycerol, ililutc 1o 250 c.c,, and take 25 c.c. 
A<ld lh(‘ siKcr carbonate, allow to stand, with 
ociasiotiiil imitation, for about 10 minutes, and 
then add a. slight cxcf-ss (about 5 c.c. in most 
cases) (ft the [►iisic lead aictiite (c), allow to 
stand a few minutes, ddutc with distilled water 
to loo c.c . and t lu-n add 0‘15 c.c. to compensate 
for lli(‘volume oi tlic fin-cipitatc. mix thoroughly, 
till'cr Mirough an air-dry filter into a suitable 
nairow-moutlicd vi-ssi-l, rf-jecting the first 
10 e.e., and return filtrate if not clear and 
bright. Test a jiortion of the filtrate with a 
little basic h’ad ai-ctatc, which should produce 
no furth(‘r pi-ccqnlatc (In tin- great majority 
of cases 5 i-.c. IS anqilc.) Occasionally a crude 
glycerol wdl be found rc(|ninng more, and in this 
ease ano|.}i(-t alujiiol ut 25 C(. of the dilute 
glycerol .slmiild jio tiikcn and ])urificd with 
(> <;.c. of th(‘ basK- acetate, (’iire iiuist be taken 
to iivoid a. marked cxcc.ss of basic acetate. 
Measure off 25 c.c. of l,hc clear filtrate into a 
glass flask or bc-akcr (pn-vionsly cleaned with 
])otassiuni dichroniati- and sulphuric acid). 
Add 12 drops of snljihurie acid (1 : 4) to pre- 
eifiitatc th(^ small (-xci-ss of lead as sulphate. 
Add .1*4282 grams of Utc powdered dichromato 
(a) Kin.se down the dichromato with 25 c.c. 
of wati-r and stand, with occjvsional shaking, 
until all tin- diclnomatc is dissolved (no reduc¬ 
tion wdl take placi-). 

‘ Now add .50 c.i-. of 50 p.c. sulphuric acid 
(by volume), and immerse the vessi-l m boiling 
water for two hours, an<l keep protected from 
dust ami organic vapours, such as alcohol, 
until the titration is coinplcti^d. Add from a 
wclginng-bottlo a slight excess of the ferrous 
ammonium sulphate (('), making spot tests on a 
porcidam ])Iate with tlu^ potassium ferrocyanide 
if). Titrate back with the dilute dichromato. 
From the amount of dichromato reduced 
calculate the percentage of glycerol. 

‘1 gram glycerol equals 7*4564 grams 
dichroniatc. 

‘ 1 gra-in dichromatc equals 0*13411 gram 
glycerol. 

' Note.<t .— I. It is important that the con* 
centration of acid in the oxidation mixture and 
the time of oxidation should bo strictly adhered 
to. 

‘ 2. Before the dichromato is added to the 
glycerol solution it is o-idential that the slight 
excess of lead be precipitated with sulphuric 
acid as stipulated in the process. 

‘ 3. For “ crudes ” practically free from 
chlorides the quantity oi ailvor carbonate may 
be reduced to onc-fifth and the baaic lead 
acetate to 0*5 c.c. 

.*4. It is sometimes advisable to add a 
little potassium sulphate to ensure a clear 
filtrate. 

‘ Instructions for calculating Actual Glycerol 
Content.—1. Dejjermine the appaient amount of 
glycerol in the sample by the acetin process as 
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described. The result will include acetylisablc^ 
impurities if ajiy bo present. 

‘ 2. Determine the total residue at 160'^. 

‘ 3. Determine the acetin value of the i csidue 
at (2) in terms of glycerol. 

‘ 4. Deduct the result found at (3) from the 
pci*centage obtained at {!), and rcjjort this 
corrected figure as glycerol. If volatile acotylis- 
able impurities arc present, those are in<'ludcd 
in this figure. 

‘Notes and Recommendations.—Experience 
has shown tliat in crude glycerol of g()#d com¬ 
mercial quality tlic sum of water, total rc'sidue 
at IbO'^, and corn^ct-cd ncctin result, conu« to 
within 0'f> of 100. Eiirtlicr, in such ‘’criKloH” 
the dichromate result agrees with tli(' uncorrected 
result to within .1 p.e. 

‘In the event rif greater differences being 
found, iinpuntieH such as polyglyecroU or 
trimethyJeno glycol, are present. Tninetliylene 
glycol is more volatile than glycerol; it can 
therefore be eonccutrated by fractional distilla¬ 
tion. An approxirnal'K n to the quantity can 
be obtained from the spread between the acetin 
and di<-hromate results of su<;h dj.stillate.s, 
trimethylcneglycol showing by tlu' former 
method 80'GO p.c. and by the latter 138‘3 p.c. 
expressed as glycerol. 

‘In valuing crude glycerol for certain ])iir- 
poses it IS necessary to ascort.ainthe a[)proximate 
proportion of ai'seriic, sulpliides, sulphites, and 
thiosulphates. Th('- met hods for <letociing and 
det/crmiiiing these impuriti(‘s Iiavc not formed 
the subject of tins invest igal ion. 

‘ Recommendations by Executive Committee. 
—■If tlic non-volatile organic residue at 1(50'^ in 
the case of a soa[) lye “ crude ” be ovct 2*5 p.c. 
— i.e. when not corrected for carbon dioxide 
in the ash—tiien the residue shall be examined 
by the acetin method and any exce.ss of glycerol 
found over 0*5 p.c. shall be deducted from the 
acetin figure. 

‘ In the case of saponification, distillation, 
and similar glycerol the limit of organic residue 
which should not be passed without further 
oxamination shall be fixed at 1 p.c. In the 
event of the sample containing more than 1 p.c. 
the organic residue must bo acetylated, and any 
glycerol found (after making the deduction of 
0’5 p.c.) shall be deducted from the p.c. of 
glycerol found by the acetin Ics' 

With reference to this Report, Grimwood 
(J. Soc. Chem. Ind. 1913, 32, 1039) has shown 
that the oven recommended therein does not 
enable a steady temperature to bo maintained. 
In the case of one oven he found a maximum 
variation of 45° between the temperatures of 
two shelves. In place of the standard oven he 
has devised an electrically heated oven cased 
with uralite. He also describes an accelerated 
method of evaporating the glycerin, in which 
the vapours are removed by means of an 
electric fan. 

British Standard Speclflcations for Soap Itye 
and Saponiflcatlon Crude Giycerins.~The follow¬ 
ing standard specifications were drawn up by 
the British Executive Comi^ittoe on Crude 
Glycerin Analysis, and approved at a meeting 
of glyoerin makers, buyers, ancf brokers held in 
lionaon on October 3, 1012 


Soap Lye Crude Olyemn, —^Analysis to bo 
made in accordance with the International 
Standard Methods. Glycerol :—The Standard 
shall bo 80 p.e. of glycerol. Any crude glyoerin 
tendered wfiicli test 8l p.c. of glycerol or over, 
shall bo paid for at a />ro rata increase, calculated 
as from the standard of 80 p.c. Any crude 
glyconii which tests under 80 p.c. of glycerol, 
but IS 78 p.e. or over shall bo subject to a reduo- 
tioti of II times the shortage, calculated at the 
pro rata ]>rK:e as from 80 p.e. If the tost falls 
below 78 p.c. f-hc buyer shall have the right of 
rejection. Anh. —The standard shall bo 10 p.c. 
In the event of the percemtago of a«h exceeding 

10 p.e., but not exceeding 10*5p.c., a percentage 
reduetion shall b<t made for the excess calculate 
as from 10 p.c. at pro rata price, and if the 
pefeeiitage of ash exceeds 10'5 p.c., but does not 
exceed II p.c., an additional percentage reduc¬ 
tion shall be niad<5 equal to double the amount 
m cxces.s of 10‘5 }i.c. If the amount exceeds 

11 p.c. the buyer shall have the right to reject 
the parcel. 

Organic Jiesidur. —The standard shall be 
3 p.c. A percentage deduction shall bo made of 
tliree times the amount in excess of the standard 
of 3 p.c., calculated at pro rata price. The 
buyer shall have the right to reject any parcel 
winch tests over 3‘75 p.c. 

Saponijication Crude Glycerin. —Analysis to 
be made in accordance with the International 
.Standard Methods. Glycerol. —The standard 
shall be 88 p.e. Any crude glycerin which tests 
89 p.e, or over shall bo paid for at a pro rata 
I increase calculated as from the standard of 
88 p.e. Any crude glycerin which tests under 
88 p.c., but is 8() p.c. or over, shall be subject 
to a reduction of 11- times the shortage, calcu¬ 
lated at pro rata price as from 88 p.c. If the 
tost falls bi'Iow 80 p.c,, tlic buyer shall have 
the right of rejection. Auk. —The standard 
shall be 0'5 p.c. In the event of the percentage 
of ash exceeding 0‘5 p.c., but not exceeding 
2‘0 p.e., a percentage redui^tion shall be mode 
equal to double the amount in excess of 0’6 p.c. 
If the amount of ash exceeds 0*2 p.c. the buyel: 

I shall have the right to reject the parcel. 

. Organic Reaidacs. —The standard shall be 1 
p.e. A percentage deduction shall be made of 
twice the amount in excess of the standard of 
1 p.c., calculated at pro rata price. The buyer 
shall have the right to reject any parcel wMch 
tests over 2 p.c. 

Estimatiem of Trimetkylene Glycol. —^The pro¬ 
portion of trimethylene glycol in crude glycerin 
may bo approximately estimated by distillation 
unaer reduced pressure and determining the 
sp.gr. and apparent glycerol content the 
acotin method) of the distillate (Salway, J. Soc. 
Chom. Ind. 1918, 37, 123T). From these data 
the amount of trimethylene glycol taay bo 
calculai^ed by meins of the following; formula, 
assuming only glycerol, water, and trimeth^dene 
glycol to be present 

Sp.gr. 1 -f0-00263x-f0*00063y 

Apparent glycerol content=x+0'81y 

If the amount of trimethylene glycol is less 
than 1 p.c., it is necessary to fractionate the 
glycerol, and apply Iho tests to the frao^n 
boiling at U0°-280’^. 
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Ksteks (»f (Glycerol. 

Tlic inos(. jtnjMirtant twters of glycerol arc 
tlioso mnn the combination of one 

molecule of glyeerol with throe molecules of 
fatty iujils. These esi(‘iH occur in largest 
(juaiitities in tlic natural <»ilH and fats which 
represent a mi\ture of u number of sim[)lc and 
imxi'il triglycerides Oji.s, Fim; 1 ), and 

Fats). 

(ilycciol, being a trihydrii; alcohol, is able to 
form inoiio-acid and di-acid cslers, which aie 
usually dcs<Ttbc(l as inonoglyccrides and di- 
gly<'crides (altlumgli these terms must be* con- 
sitlercd incoirei t, bir t in* term ‘ inf)noglycen<l(! ’ 
shouhl mon^ aj)|iropriat<‘ly Is* ap])he(l to a tri- 
glyia'riile containing one ami tlie saim* a<‘id 
radicle, and tlic ti'ini ' diglyccrulc ’ to a tii- 
glyceride containing two <lilTeicnt. acid Ta<ii<lcH) 
The nwmxjli/ci Iiifr.s havi' the gciuM’al formula ; 
Oil 
OJt 
0 II 

Accordnig to the yiosition whii’li the fatty 
aciil raduh' occu|m‘s m (lie tnoicculc, two is(>- 
incric glycciidcs may exist., as is c.xplaimsl by 
Mu‘ following two formula', in which K denotes 
the fatty acul radich'.— 

/O-J!. /Oil 

C 3 II 5 OH or 

■ 0 -Jf \oil 

(Vinpounds of this roiiijiositioii eontain an 
asymmc(ri<- earbon atom, and may 'theri'ftire 
n'prosont raci'imc compounds. Monoglyceride.s 
ooiTOSponding to tlio tirst formula are termed 
a-monoglycendes, and (>liose corri'sjioiidmg to 
the second formula arc teiuncd ^ inonoglycer- 
ides. If a sei-oad acid radicle enters, the so- 
called diglyceridcs an* obtained. 'J’leoi'etieally, 
two isoiiiene iliglyeoiides containing the same 
fatty acid ladude are pii.ssiblc, as is indicated by 
the following two formnhe .— 

.0 R(u) / 0 -K{u) 

0 -K (a) "O-IJ (a) 

Tin* eompoiuids eoiiforniing to tlu' tirst 
formula aiv denoted oa (or symmetric) glycor- 
idca ; they are prepared from ad-dichloroliydrin 
and the salt-s of fatty acids. The compounds 
corrt'sponding to the latter formula are termed 
a)9 {or unsyniinetric) glycerides; they are pre- 
aix'd in a eorrespondiiig manner from )3 <li- 
roinohydnn. a/3 glycerides eontain an asym¬ 
metric earbon atom ; hence the synthetically 
prcjiarod a/S diglyeendes are likely to n^jiresent 
raecmie eoinpounds. If one or both of the acid 
radicles were optically active {e.g. if donved from 
rioinoleie, ehanlmoogrie, or hydnocarpii' acid), 
the diglyccrides would be optically active on 
that account alone. ^ ^ 

If the two fatty acid radicles are diflFereiit, 
the existence of diglyceridcs iiavmg tlie follow¬ 
ing formulae is theoretically possible :— 

/ 0 -Ri / 0 -K, 

CalfsfO-H Callj-O-R, (', 11 ,.^ 

■ \0-R, \0I1 \0H 

Thewe diglyeerides may be termed ‘ mixed 
diglyoeri<le 8 .° As they all contain an asymmetric 
earbou atom they may represent racemic com¬ 


pounds. If one or both acid radiclai be derived 
from optically active fatty acids, the diglycerides 
containing them will exhibit optical activity. 

The inonoglyccrides and diglycerides do 
not occur in nature, but very strong evidence 
has been adduci'd that these e.sters are formed 
in tin* coui-Ho of slow liydrolysis of the natural 
iriglyci'iides; henci' they may he fouud in 
fats and oils which iiave become rancid by a 
natural procf.sw on exposure Ui air, light, and 
moisture. 

(JlyecTol also ff»rnis esters with inorganic 
aculs, stich as suljiliuric, nitric, iihosphorie, 
boric, and arsi'nioiis acids. 

A mixed Iriglj'cendc, containing two acid 
radicles ot fatty acids and one of phosphoric 
a< id, occurs in nature as Ijrii/un, m which two 
fatl.y acid radicles and one acid radicle of 
pliosplionc a< id arc combined witJi the glycerol 
rest. In tlic ph<»sphonc acid radicle, one of the 
tw<i free ()H giou[)S is combined with the base 
clutliiK'. Li'citlnn apjicai-s to be a represontativo 
<if a whole grouji of mixed tnglyi'orides (occurring 
! in the liver, in the brain, &e.), whieli have been 
tei nu'd by Thudichum, pho.sjiliat ides, and more 
reci'iitlv by L('ath(‘s, phosphohjiincs, 

Mi.xcd triglyceridi's containing, in addition 
to one or two fatty acid radicles, two or one 
ladicles of inorganic acids other than phosphoric 
acid liave not Ix'cn met witli in nature; they 
have, however, been prepared synthetically. 
Rcjircsi'iilativcs of sueli mixed glycerides aro 
chlorodilaiii'in, clilorodimyristin, clilorodistoarin, 
and monosti'arochloroliydrin. 

The suljihurie acid esloi-s of glycerol are ob¬ 
tained b\ dis.solving glyr-erol in eoncent.ratcd 
suljiliuric acid. On boiling with steam, the 
esters are ea.«ily dis.-voeiated into glycerol and 
sulpliuric acid. All three possible giycorol sul- 
jihuric ai^ds, glyeerolirjsuijihuric acid, glycerol- 
disuljihnnc ai'-id, and glyccrulinonosulphuric 
acid are known. 

Giycerylpliosphoric estci-a aro obtained by 
heating pliosplionc acid with glycerol. The 
most important ester, eoinmoicially, is mono- 
glyeeroljihosphorio acid, wliieh forms a Borios of 
salts (sodium, litliiuin, ealciuin, strontium, iron, 
&c.), largely used in ^pharmaceutical practice 
(especially in France). 

tt has been found by Umnoy and Bciinott 
(J’roe. Ib-it. Fharm. Conf. 1914, 22) that the 
composition of commercial calcium glycero- 
phosphate varies. It should eontain at least 
15 p.e. of calcium, and may contain added 
citric acid to increase the solubility. The 
magnesium salt should contain not less than 
10 p.e. of magnesium, and the ferric aalt at 
least 15 p.c. of iron, and bo soluble in 2 parts 
of water. Sodium glyceropliospliate crystallises 
with 5 molecules of water. 

For a method of examining glyeei-ylplios- 
phoi'ic esters, see Urimbert and BaiUy (Compt. 
rend. 1915, IGO, 207; Bailly, idem. 1915, 161, 
077). 

Optically active glyccrophosphoric acid may 
be synthesised by adding pnospnorylcliloride to 
a solution of d-a-bromonydrin in dry pyridine 
at below —10'^. The bromine is removed by 
lithium liydroxide and the product is isolated 
as nearly pur9 lithium d-glycerophosphate 
H00H.-CH(0H)<;a.-0P0(0Li)[o]Jf=+3-Sl« 
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in aqueous solution. Lithium i-gtyoerophos* 
phate has [a]J® — — 3'02° (Abderhalden and 
Eichwaid, Bor. 1918, 51, 1308). 

Of great commercial importance arc tho 
nitric esters of which the most* important is 
glyceryl trinitrate, or ‘ nitroglycerin,^ prepared 
by allowing glycerin to run into a mixture of one 
part of strongest nitric acid and two parts (by 
weight) of concentrated sulphuric acid. Nitro- 
glycerin is a lioavy oily li([uid of sp.gr. 1 ‘GO, 
wliich volatilises at IGO^ under a pressure of 
15 mm. Its most rcmaikablo proper^ of ex¬ 
ploding violently under certain conditions is 
made use of in high explo-sivcs and ‘smokc- 
lees powders,’ such as ‘ dynamite,’ ‘ bla-sting 
gelatin,’ ' gelignite,’ &e. (e. Explosives). 

The mono- and dinitrates of glycerol and 
their chlorides and others are enijiloyed as 
ingredients of non-freezing nitroglycerin blasting 
combinations. The dinitrate of monochloro- 
hydrin is used m such exiilosives as gelatin 
astralit, gelatin weslfalit, &e. The nat ure and 
explosive eharactc'i' of a-metliylin dmitrate 
(glyeoryl metliyl etiuu- dinitraU*) have bc'en 
investigatf'd by Trevor Jones (tlhem. !Soc. 
Trans. 1919, 7G) (/>. Exi'Iaisives). 

(Jlyceryl arsenito is f<»rmed by dissolving 
arsenious oxide in glyccrc*! and heating to 250'‘. 
Above 250'^ it decomposes. It is volatile with 
tho vapours of glycerol, licnce, when distilling 
glyi^erin in a current (d superheated steam (.set 
above), the arsenite is eithr*r volatilised un¬ 
changed, or IS hydrolysed by the steam ; at any 
rate the distiilati' contains arsonious acid. 
Glyceryl arsenite is used m c«ilu-o printing. 


T'oliolvclbols. 

When giyeciol is lieated rapidly, poly¬ 
glycerols are obtained. They are formed by 
the combination of several molecules of glycerol 
with loss of watei’; hence tlicy are formed on a 
large scale during the distillation of glycerin, 
when the bulk of the polyglycerols remains 
behind in the still. The condensation of glycerol 
to polyglycerol has been effected by Lourengo, 
by heating glycerol with nionochlorohydrin. 
(For the application of jiolyglycerola m the arts, 
see above.) J. E. 

GLYCERIN-FORMAL. A condensation pro- ! 
duct of gWcerol and formaldehyde. ! 

GLYCEROLPHOSPHORIC ACID .and GLY- 
CEROLPHOSPHATES Glycerin (Glycerol). 

GLYCIN is the trade name for the chloride of 
p-hydroxyphenylaminoacetie acid. It is used 
in photography as a developer (also v. Gly¬ 
cine). 

GLYCINE. Glycin, Glycocine, OlycocoU, 
Aminoacetic acid 

GHNH, 
NHa'CH.-GOOHor ] ' | ' 

CO—O 

(Sakurai, Chem. Soc. Froc. 1894, 90 ; 1896, 38 ; 
Walker, Chem. Soc. Froc. 1894, 94). Glycine 
was discovered in 1820 by Bracomiot (Ann. 
Chim. [2] 13, 114) amon^ the products obtained 
by decomposing glue with sulphuric acid. It 
is obtainea bv docomj^cMing various protein 
substances with Bulphuric acid (Spiro, kitsch, 
physiol. Chem. 28, 187), and is present as the 
ohim amino-acid m the sugai cane (Shorey, 
X Amer. Chem. Soc. 1897, 881; 1898, 137). 


It may bo prepared by treating bromacetic or 
chloracetic acids with ammonia (Ferkin and 
Diippa, Aunalen, 108, 112; Kraut, Ber. 1890, 
2577 ; Mauthner and Suida, Monatsh. 11, 374 ; 
Goldberg, Kunz and Kraut, Annalen, 266, 
295); by treating chloracetic acid with ammo¬ 
nium carbonate (Ncncki, Ber. 1883, 2828); by 
jiassing cyanogen into boiling hydriodio acid 
(sp.gr. l-9(>) (Emmerling, Ber. 1873, 1301); by 
heating potassium jihihalimide with ethyl 
cliloracetatc (Gabriel and Kroseborg, ihid. 1889, 
427); by treating iiitrosomalonie ester with 
zinc and ac(‘tic a<'kl ((kmratl and Schulze, ibid. 
1909, 729); Ity b()iling hippuri(! acid with strong 
sulphuric acid ((•urtius, J. pr. (’hem. (2J 26, 
14r>; .l)es.saig!ie.s, Annalen, 5S, 322); by treating 
glyoxylic acid with ammonium carlKmate and 
.subsequently heating to 120^^ with hydrochloric 
acid (Ihloumeyer, junr., aud Kunlin, Ber. 1902, 
2438) ; by the action of lu'xanu'thyleno amine 
on jiotassium monochloracetate (Motircel, Bull. 
Soc. chim. 19, j3| 1005 ; Auger, ifnd. 21, |3 j 5). 
in order to obtain the pure acid, the solution 
containing llio acid, ]>rcpnred by any of the 
above nudliorls, is fn‘ed from ammonia (if 
pr(went) and fri'shly pn‘ci{)itatcd copper hy¬ 
droxide IS adde<L The eojipor salt of the acid 
i crystallises out; tins is filtered oil and decom- 
! posed with sulphuretted hydrogen. Another 
j metliod consists in cxliVK ting the acid with 
j glycerol and tJius si'jiarating it from the iinpuri- 
I ties ])r<‘sent (Farbw. Moister, Lucius and 
! Brunmg, 1). H. F. J4197G; Ziutsch. angew. 

; Ohein. 1903, 1(3, 527). Siegfried (1). R. J». 
;iSH005; (’hem. Zimtr. 1907, ii. 14(36) adds 
, barium i>r strontium hydroxides to the solution, 
pns.s('s in carbon dioxiile, filters off the separated 
solid and beats it with water. 

y-*ro/>crric6!.—Glycine crystalliacii from water 
ill plates and from dilute alcohol in needles. 
After drying at' 100’ the plate form begins to 
decompose on In-at ing at 212'’, whilst the needle 
form remains unchanged until a temperature 
of 220' to 230^ IS reached, when they melt with 
the evolution of gas at 232'-236'^; sp.gr. 1 '1607 
((hirtius, I.C.). Jt IS soluble in 4’3 jiarts pf 
cold water and in 930 jiarts of ethyl alcohol 
^ (s]).gr. 0*828), but is insoluble in alisolutc alcohol. 

1 Hydriodic acid reduces glycine to ammonia 
and acetic acid (Kwisda, Monatsh. 12, 419), 
whilst sodium amalgam yields amino-acetalde¬ 
hyde (Neuberg, Ber. 11K)8, 956; Fischer, ibid. 
1019). On electrolysis, tho acid or the copper 
salt yields ethylenodiamine (Lilienfcld, i). K. P. 
147943; Chem. Zentr. 1904, i. 133; Kuhling, 
Ber. 1905, 1638; 1907, 757). Hydrogen 

peroxide oxidises glycine to glyoxylic acjd and 
formaldehyde (Dakin, J. Biol. Chem. 1, 171); 
treatment with uitrosyl chloride results in tho 
formation of chloracetic acid (Tilden and 
Forster, Chem. Soc. Trans. 1895, 491). Glycine 
and its derivatives arc used in photography as 
developers, in place of pyrogallol, &e. (Farbw, 
Meister, Lucius and Bruning, D. R. P. 142489 ; 
U.a Pat. 767815; Eng. Pat. 20377; J. Soc. 
Chem. Ind. 1903, 380), and also for reducing 
silver images. 

Derivatives.—Arowalic glycines are prepared 
from aromatic amines and monohalogenated 
acetic acids or dilialogeuated vinyl ethers 
(Imbert and (jousortium fur Elektroohemische 
Industrie, Chem. Soc. Abetr. 1908, i. 975; 
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1). 11. 1*. 199024). GlycocoHamide ie produced 
when glycocull uml alcoholic ammonia are heated 
together at 100^". Olycocollanilide is prepared 
from chloro- or bromo- acetanilide and ammonia : 
(Majort, JCng. Tat, 5209; I>. K. P. 59121; 
J. Sue. (Jliom. liul. 1892, 309). The Ethyl aster ' 
is jjiY'pared by the action of ammonia on chlor- | 
acetic acid, and subseciuont treatment of the ' 
crude dry product with absolute alcohol and dry 
hydrogen chloride {Hantzsch an<l Metcalf, Bcr. 
1890, 1084 ; Hantzsch and Si]l>errad, ibid. 1900, 
70) or by the interaction of hexainethylenc 
amino and chlorucotic acid and Hubsecpient 
treatment as above, (Auger, Bull. ISoc. chmi. 
|3J 21, 5). it bods at 51TAr>2-5‘’ (10 mni ), 
and has sp.gr. 1'0358 ll‘8'^7'I' (‘Schmidt, Bcr. 
1905, 200). 

Mfthylylyciite v. Saiicx>S1K15. 

TrtmdhyhjhjcuH' v. Bktaink. 

, was 

discovered by (Jurtius (J. jir. C^hciii [2| 37, 173). 
Jt separaUiS out from an aqueous solution of 
glycine ester on long standing. It is best 
prepared by trealiiig the hydrochlondi' of tlu' 
ester with caustic soda (Kischer, Bcr. 190(>, 2893). 
It IS a wh]t(^ crystalline solui, w'hicli, on heating, 
becomes bniwn at 245"^ and melts aU275". 

(Hycocollaimnocarboxyhc arid rdrr.s {v. Ein- 
hora, Chem, v^entr. 1901, i. 1115; i>. Jl. P. 
108027). 

GLYGOBROM. Syn. foi the glyceryl ester 
of dibroinoliydrocinnamic acid. 

GLYCOCHOLEIC ACID c. Cmomc acid. 

GLYCOCOLL v. (iLYmNii. 

GLYCOCYAMiNE. Syn. for guanidine acetic 
acid. 

GLYCOGEN V. ('ARDOHYDltATKS. 

GLYCOL. AVc Ethylene Glycol, art. Ethyl. 

GLYCOLLIC ACID, Hydroxyacdic^acid 

01,(011 jcooir 

juice iT^cnt a.s the chief acid constituent in the 
Ohem. Soc. ibo eane (Shorey, J. Amec, 

calcium precipitated i- 45) and is found in the 
boet-juicc (Lippmaiin,rnied m the treatment of 
formed by the oxidatV.'T- 1891, 3299). It is 
Annolen, 103, 3t)(i); by t. of glyciol (Wurt.z, 
nitric acid in the cold (l)Bting alcohol with 
150); by reducing oxalic acid, hspl, ibid. 127, 
crand, Bull. Soc. chim. |ii.] 39 , ilh zinc (For- 
oloctrolytie reduction of oxalic aciO; by the 
hydrocldoric or sulphuric acids, iisin dilute 
olcctrodea (Roossler and Hasslachcr Che.« lead 
U.S. Pat. 837083; I). R. PP. 194038, 204 .Co., 
J. Soc. Chem. Ind. 1907, 157; 1909, 103; 
Kainhold, Fr. Pat. 378270; J. Soc. Chem. Ind. 
1907, 1097; Avery and Dales, Her. 1899, 
2230); and by treating formaldehyde with 
equivdent quantities of potassium cyanide and 
calcium chloride (Kohn, Monatsh. 1899, 903; 
Franzen, J. pr. Chem. (2), 1912^ 133). Glycollic 
acid may be prepared by boiling a concentrated 
Bolution of potassium chloracetate for 24-30 
hours in a flask under a reflux apparatus. The 
product is then distilled under reduced pressure, 
the temperature being kept .below 70®. The 
residue is mixed with a large quantity of acetone, 
the solution filtered from the separated potassium 
chloride, and after a short time the glycollic 
acid separatt'8 from the acetone solution in 
colourless crystals. The yield is about 85 p.c 


(Colman, Chem. Soc. %oc. 1892, 72; cj, 
Witzemann, J. Amer. Che^ Soc. 1917,39,109). 

Glycollic acid crystallises from water in 
crystals belonging to the monoclinic s^tem and 
from acetone in those of the orthorhombic, 
system (Colnlan, l.c.); m.p. 78'9° (Drechsol, 
I.C.). On heating to 100®, glycollic anhydride 
C 4 H «()5 is .formed, and by heating the calcium 
salt y;ith much sulphuric acid, metaformaldehyde 
is produced. Oxidation with nitric acid yields 
oxalic acid, and reduction with zinc and sul- 
I pliuric acid results in the formation of acetic acid 
((3aiis, A-uialen, 145, 250). It may be detected 
by heating 0'02-0'l gram of the substance with 
0*2 e.c. of water and 2 c.c. of sulphuric acid 
i (sp.gr. 1 ’84); after gas has ceased to be evolved. 

' the addition of one drop of p-crcsol gives a green 
' Coloration, or one drop of codeine solution, a 
' yellow coloration changing to deep violet 
; (Denige^, Bull. .Soe. chini. 1909, 5, 047). 

'Pile glycoliates of th(‘ alkali.s aie deliqucs- 
! cent; calcium glycollate (02ll3()T)2Ca (with 3 or 
41 H>0) and silver glycollate 02 ll 3 OaAg,|Hjj 0 
are .sparingly soluble in water. 

The ainmonium salt may be distilled in 
' varu6, the distillate consisting of the acid 
I ammonium glycollate, boiling at 100® under 10 
‘ mm. pres.sure (D. K. P. 247240). 

GLYCOSAL. Trade name for a combination 
of glycerol and salicylic acid introduced as a 
I substitute for other salicylates (r. Syntheho 

, 1)UUG.S). 

GLYCURONIC ACID 

(IllO-HGOUOHdH-llCOH-HCOH-OOOH 
ocems in urine in combination with phenol, 

! kresol, and iudoxyl. it is also pre.sent in the 
, blood. It cloe.s not occur in the free state, but 
' IS produced m the body in considerable quantity 
after the administration of certain sufetances, 

I c.g. camphor, menthol, phenol, &c., in combina- 
I tion with which it is eliminated. It thus appears 
' to furnish a material which can be produced by 
• the body to neutralise the toxic properties of 
I harmful substances before their elimination. 

I ft occurs also in combination in plants. It is 
I found in combination wiLli euxanthone in the 
' urine of camels : the Mg salt of the euxan- 
I thone-glycurouic acid is the basis of the pigment 
Indian yellow. Jt may be synthesised by 
reducing saccharic add with sodium amalgam 
m acid solution (Fischer and Piloty, Ber. 1891, 
521). 

Preparation .—It is prepared from its com¬ 
pounds by boiling with acid: thus, menthol- 
glycuronie acid is split by boiling with dilute 
, sulpliuric acid; camphor glycuronic acid is 
' aimed with hydrocldoric acid for 2 hours; 
preeq saturating the solution with PbCO, the 

iVo*ated lead salt is decomposed with HjS. 
readily hdies .—Glycuronic acid is a syrup, 
lactone, uing water in a vacuum, forming a 
TollenH, Ann'""* 170“-170» (Mann and 

! -|-10’25°. It Wp — 

reduced to g' is oxidised to saccharic, and 
it breaks up Jiconic, acid. Distilled with HCl, 
which may Ifnto furfurol and COa, a reaction 
fermented by f used for its estimation. Not 
reducing substoast. It is said to be one of the 
I the sugars ha^Q8^ in urine from which 
fermentation, vo l^n removed by yeast 
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Detection and a solution 

of orcin in hydrochioUc acid it gives a green 
ooloor after boiling for a short time. With 
naphthoresoroin and HCI it gives a blue sub¬ 
stance soluble in ether, showing a well-marked 
absorption band in the neighbourhood of the 
D line and differentiated by its solubility in 
ether from the substances given under similar 
ciroumstancoB by the ])entoses (ToiJens, Her. 
1908, 1788). This reaction is, Jiowevcr, given 
by otlicr aeids (Manclel and Neuberg, HiocIumu. 
ZeitrSch. 13, 14H). It gives a <;lmrac.U‘nstic p- 
bromphonylhydra/.oiie, ineKmg at 23()“. The 


m 


oxidises it to oxalic acid, whilst potash simul* 
taneously oxidises and reduces it with the 
formation of glyooUic and oxalic acids : treat¬ 
ment with ammonia and subsequent hydrolysis 
yields formic acid and glycine (Erlenmeyer 
and Kunhn, Her. 1902, 2438). With hydrogen 
eyanulo, it forms a eyanhydrin which, on 
hydrolysis, yields taiiiome acid. By war min g 
with resorcinol and a little absolute aicohoi, 
diluting and adding a few drops of ammonia, a 
deep blue coloration is produced, rapidly 
cliauging to r<'d (Hoettiiiger, Arch. Tharm, 232, 
i); sulphuric acid gjves a blue or violet colora- 


- -r- . iiiv 

pncnylosiwone is formed oil heating a il!ixture t)f , lion with glvoxylie acid (Hopkins and Colo, 
1 molecule glyeuronic acul with 3 inoliH-uJes ! Proc. Hoy. tSoe. (>H, 21). The nhenylliydrazono 
phenyl hydiu/.ino m acc'tie solution to 40 ’ for | melts at 137'\ and is used for identifvinir the 
some days. It molts at 200’-205", 'L’he semi- - 

carbazone melts at ISS"’. 

.GLYCYPHYLLIN (^lAK'OSIDEH. 

GLYCYRRHETIN, GLYCYRRHIZIC ACID, 

GLYCYRRHIZIN r. LiyiuntlcR, 

GLYOXYLIC ACID CHO ('()„H or 


(;ii(oH),co,u 

Found ill very young beet roots (Lippinaiin. Her. 
1891, 3305), in grapi*s, unrijie aj>j»h‘s, jiiunis. 
gooseberries, currants, and ihubarb (Hrunner 
and (Jhaud, Ber. 1880, 595; Bull. Soe. chim. 
[31 13, I2()). Prepared by oxidising alcoliol 
(Debus, Annalen, JOO, 1 ; Jioottinger, Andi. 
Pharm. 232, 05), glycol (Debus. Annalen, 110, 
310) or glycerol (Homtz, ibtr/. 1.52, 325) with 
nitric acid ; by heating ethyldichloraretato with 
water at 120'^ (FiscIhm- and (ieuther. J. 1804, 
310); by exactly mud ralising diehloracclic acid 
with potassium liydroxido (1*1) and heating with 
solid potassium acetal <; in a reilux ajijiaratus 
for an liour. filtering the lapiid and boiling tlio 
filtrate for several liours (Doebner, Annalen, 
311, 129); by heating the silver salt of dibroni- 
or dichloraeetie acid with water (Debus, Zoitsch. 
Chera. 1860, 188 ; Perkin and Diijipa, Annalen, 
112, 24; Zeitsch. Ohein. ]808, 424; Bcckurts 
and Otto, Ber, 1881, 581): by heating one part 
of dibromacetic acid witli 10 jiarts' of water 
for 24 hours at 135^-140" (Orimaux, Bull. Soc. 
chim. (ii. I 20, 483); liy reducing the ostei-s 
of oxalic acid with sodium amalgam (Bayer 
& Co. D. R. P. 201895; J. Soc, Ohom. liid. 
1008, 1170); by the electrolytic reduction of 
oxalic acid, iW e.sters or its amide in sulpburie 
acid at a low temperature (Tafel and i'riedriehs, 
Ber. 1904, 3187; Wohi ami Lange,1908, 
3614; Kinzlbcrger & (Jo. D. R. PP. 163842, 
210693; J. Soc. CUicin. Ind. IfKiO, 392-; 1909. 
816). 

Glyoxylie acid is a thick liquid, readily 
soluble in water, and crystallises in rhombic 
prisms by long standing over sulphuric acid 
(Debus, Chem. Soe. Trans, 1904, 1382); the 
crystals have the formula (J2H4O4 (Perkin, Ber. 
1876, 188). It is a tautomeric substance; it 
exhibits aldchydic properties in condensing with 
hydroxylamine, phenylhydrazine, and semi- 
carbazidft (EUkjw, Annalen, 227, 353 ; Fischer, 
Bor. 1884, 670; Simon and (Jhavanne, Conipt. 
rend. 143, 904), but most of its salts are of the 
typ©(H0)aCH*CD2M, whilst dialkyj ethera of*thc 
(R0)*'CH*C02H have been prepared. 
RBduction with zinc in aqueous solution yields 
gtyooUio acid; in acetic solutmn, tartaric acid 
(OeavTotte, Compt. rend. 114, 655): nitric acid 
; VOL. IIL—r. 


;u‘kI, ll. condenKea with earbamido to form 
allantoiu and with guanidine to form in tho 
cold glyuxyhc guanidid(‘. and on warming to 
iniiuoallantoiii (Doebner and Gartner, 
Annalen, 315, 1 ; 317, 157 ; Simon and Chav- 
anno. Conijit. rend. 143, 51 ; Kacss and Grusz- 
kiewiez, Hi‘r. 1902,3604). For other condensa- 
lioiis Boetlinger, ArcJi. Idiarin. 232, 549, 
701; 233, 100, J99; Bougaiilt, Compt. rend. 
148, J270. l^’or salts v. Debus, Chom. Soc. 
-'rran-4, 1W4, 1382. (Jlyoxylie acid acts as a 
Jiydrolysing agent towards oaiie sugar and 
stai’cii, and prevents ferinoiitation of products 
thus formed as it acts on yeast as a poison 
(Boettinger, Arch. I'harni. 233, 287 ; Bouveault, 
Hull. See. ehirn. [111. j 19, 78). For physioloffical 
action in the body, e. Ejipinger, Beitr. chem. 
Physiol. I'aih. 6, 492; Almagia, ibid. 7, 459; 
Schloss, fbu/. 8, 445; Granstorm, ibid. 11, 132; 
Dakin,.], Hiol.Cberii. 1,271 ; Hofbaucr, Zeitach, 
jili^'siol. Cliem. .52, 420 ; Adler, Arch. exp. Path. 
Pharm. 46, 207. 

GMELINOL white deposit in 

t lic cells of tho ‘ Colonial Beech * {^icUna 
Jjoich/uinHI'i^ F. V. M.), separating from hot water 
in needle prisms or jdates. M.p. in tho crystal¬ 
line state 122'^ (corr.). After cooling solidifies 
to a transjiarcnt, vosin-liko substance which 
molts at 02"-6;P. When powdered the m.p. 
begins to rise, soon reaches 120*^-121°, 

123'3" 111 chloroform. Soluble in 1470 pafts 
of water at 22'’. Nilrio acid converts it into 
a ditiifru- compound Ci2H.204(N02)2, m.p. 
128'“129'^. Sodium acetate and acetic anhydride 
transform it into a inonoacetyl derivative, 
m.p. IIO'L Witli bromine water forms 
Gi^llnOiBr 

Zeisel determinations indicate the presence of 
two methoxy-groups, and this is confirmed by 
the production of vcratric acid when the sub¬ 
stance is oxidised by a solution of chromio acid 
in glacial acetic acid, or by airline perman¬ 
ganate. ^\lien fused with potassium hydroxide 
at a temiierature not exceeding 290®, phenolic 
substances are formed, whilst at 2l0®-225®, 
protoca/echuic acid is produced, together with 
small quantities ?»f a volatile acid (H. G. Smith, 
J. Roy. Sci, New S. Wales, 1913, 46, 187). 
GNEISS V. GbanttJ!;. 

GNOSCOPINE Opium. 

GOA POWDER V. Ghbvsabobik. 

OOETHITE or g 5THITE. Hydrated ferric 
oxide, FegOa'HjO or FeO(OH), crystidlMed in 
tho orthorhombic system and isomorphous with 
tho corresponding aluminium and mengaopse 

2 a 
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GOETHITE OR GOTHITE. 


miaeralB diauporo and inanganite. It is included 
with limonito under tJio term ‘ brown irofi'Ore,' 
and when fibrous and massive the two are not 
readily distinguislied, ofipeeially as they have 
the flame colour and streak. Goethite, however, 
contains more iron HI)’9, Ee 1)2•!) p.e.) and 

IoKHwatcr(10 J ]).c.)thanlmu)uite(2re2()j'3H,jO). 
(Irystalfl ot goethite are not uncommon; hnio- 
niic, on the other liand, though someljmes 
iibrous and crystalline, is never crystalliseil 
Tliey arc prismatic, acicular. platy, or scaly ni 
iiabit, and have a perfect elea\age m one du'ce. j 
tion (jiarallel to tlic bracliy-pmacoid). Jtemfono ■ 
and stalaetitic masses witli a radi.iting lil)inns 
structure alst» occui. Spgr. 4'0-4’4, of crystals 
4'J7 ; 11. o .It. Ti»c colour i.s yi^llowish-brown 
t-o brownisli-black, witli usually a brilliant 
lustre oil erystiii-face.s. 'riiin uystals and 
splinUirs ai(‘ blood-red by Iraiisniitted ligld. 
'I'lie, ei)lour ol sticalv or j)ow<ler is yoliovvish- 
browii. Analyses oiten show the jjii'henee oi 
small anioiirUs ot manganese oxiile ami sihea. 
Several vaiietios ai<- ilistinguislied. The acicular 
forms, usually with a ladial groujuiig, arc 
known iwi malic iron-oic. Tb<‘ needles may he 
very lino and closely |iacke<l (ogetlier, giving the 
ap)»earanec of ])lii.sli, as in S<nnni.i'tblniilc or 
tSannneUrz tv(‘lvet-ore). also known as jnzibui.- 
mile, from I’rzibiam in Jloliemia. Anollier j 
form occurring as cxlremcly thin scales with a j 
reddish colour i.s known as JUibinfjlim’mo or ! 
PyuhosiiU’iitc \ and a scaly-tibroiis or plumosi' j 
form as Icpidmiocile. Oncijitc is acicular 
gocthito cmbidiled in. amethyst fiom fjake j 
Onega, Russia. Tins material is cut. as a gem¬ 
stone under the name Miupid's darts ’ (lleeli<‘S 
d’amour). As an enclosure m other gmn- 
inineralK it is reptx'senhsl in aa ant urine and 
sun-stone. Mcmbtic is an ochreous variety 
abundant amongst, the iron orc\s of the Mesabi 
Range in the Lake Superior district uf Minne.sota. 
1'ho name goethite is after the. jioct (joethe. 
The mode* of oeeurrence of goethite are the 
same as for iimonite, and it is present in many 
limonitic iron ores. Fino groujis of eryatals 
wore formerly obtained in abundance in the 
Riestormel iron mines at. Ijunlivery and in the 
Botallaek mine at St. Just in Cornwall. Largi'r, 
but less perfect, crystals are known from the 
Tike’s Teak district in t'oloiado. k. J. S. 

GOLD. Sym Au (Aurum). At.wt. 197‘2. 

llistoncal .—(lold cannot have (‘seajied the 
observation of the men of the Stone Age, but it 
could have beon of little u.se to them except for 
ornamentation until tliey had discovered the 
art of molting. Flint daggem with gilt handlea 
have been found in Egy)it, and gold was well 
known in that country about 3(500 b.c., when its 
value in relation to silver was fixed by law. It 
was first used for coinage in Lydia, about 700 b.c. 
in the form of eioetrum, a native alloy of gold 
and silver. 

'The earliest method of obk^ining gokJ, other 
than that of collecting it by hand, was by 
washing with water on sloping rockfl. Sheep¬ 
skins wore spread out for entangling the particles 
of metal and helping in its collection. Over 
2000 years ago, the methods of ore-ernshiug by 
hammers and also by means of pestles and 
mortars were adopted in Egypt to release gold 
contained in solid rock. The powdered ore was 
washed on sloping tables. The use of sieves is 


also attributed to the Egyptians. Heavy 
pestles or stampers, requiring water power or 
the united efforts of several men to raise them, 
were not employed until much later. Stamp 
batteries for crushing ore were established at 
Joachiinstlial in 1519, and sieves sot at the outlet 
I of the mortars w'cre doHcnbed by Agricola in 
i 155(1 and were seen by Jars in the Hartz in 1767. 
i The of morcuiy for separating gold from 
other maU'J'ials hy amalgamaiion was described 
^ by idiny and refciicd to by 'riieojihilus in the 
11th century iii his descii]>tiou of tlie, extraction 
of gold from the snnds ot the Rhino. The 
method ifecd m f.ln' Tyrol ol slirniig crushed ore 
with larg(‘. (juuntities fd mercury in ciieular 
bowls IS of groat aiiiiijuity, but the jiractice of 
cbarging mcicuiy together with unerubhed ore 
into the moi'tars of sUuiip batteiics and catching 
i the g<»ld amalgam oil I’opper plates was not 
mentioned beiore ItioO. 

The eldorinatiou ])roeess of gold ori' lieat- 
ment origiiiaicd in 184H, and the ityanide 
])rocft.s.s was inveuted by MaeArlhur ami Forrest 
in 1887. 'I’he methods (4 refining gold by the 
comeiitaliim process and by eupellatioii are very 
ancient. Nitru- acid for refining was in use in 
Venice in the 15ili centiiiy and was not HUper- 
seded by sulphuric acid until the 19t.h eenturjr. 
'riie. electrolytic, vcliiiing jnoews, invented m 
1888, has now reiilacial t he suljihurie acid process 
in the United Statiss. 

Gold ores. Gobi is widely ilistrilmtcd in 
naturi'. it oeeui's in mnnde traces m all ores 
of silver, co])])er, leatl, aiitmiony, and bismuth. 
It has been di'tceted in igneous and nielamorphie 
rocks in aimosl cveiy casi' in which a (iireful 
search for it has bcmi made, and sedimentary 
rockfl are seldom quite fice from it. Tlie com¬ 
paratively small quantitie-s of gold in limestones 
which liavo been formoil m clear water far from 
land, ajipeur to indicate the land as tlio place of 
origin 01 the gold, but it is also present in soa 
water. 

Gold occurs in ijuantities large enough to pay 
for extraction in many (|uartz veins or lodes in 
rock formations. The gold is disseminated in 
the quartz and is acconqianied by brown oxides 
of iron in the upjx'r portions of the deposits and 
by sulphides in the deep-seated portions. It 
usually occurs as native gold and even when it 
IS contained in pyrites or otlier sulphides, it is 
i present in the tree state. Native gold also 
occurs m many secondary or dctrital (‘ placer ’) 
deposits, such as river gravels, sea beaches, &c., 
in the form of nuggets, grains, and flakes. The 
auriferous beds of conglomerate in the Transvaal 
are of this character. 

Native gold occurs in the form of rounded, 
irregularly shaped nuggets, pellets, grains, &c., 
wliich show crystalline structure when polished 
and etched but rarely exhibit regular crystal 
faee.fl or angles externally. It always contains 
some silver and copper, and other metals are 
also generally present in smaller proportions. 

Telhiiidc of gold is found in large quantities 
in Western Australia, (Colorado, and Transyl¬ 
vania, and has been i*oported from many other 
localities. There is only one true compound of 
gold and tellurium, which corresponds with, the 
formula AuTog, and contains 43*6 p.e. of gold; 
but several compounds consisting of various mix¬ 
tures of tellurium with gold and silver and other 
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motals huvo been rocogniscd as mineral spooios. 
The best known of these arc {\) mkiveritc, which 
has the composition AuTeg, (2) si/lvanite or 
graphic tellurium which appears to bo a variable 
mixture of AuTe> and Ag3Te4, (3) pftzite^ a 
telluride of silver, AgjTe, with part of the silver 
replaced by gohl, and (4) niuji/dgih or foliated 
tellurium, which coutaiiiH some lead. 

Auriferous ielluiide is usually daijc grey or 
black in colour, but oceasionally is silver-grey. 
Somctiimw it conlains an admixture of metallic 
gold which gives it a brassy-yellow colour. It 
is soft and brittle but' ils densily is high, usually 
between S and b. When he.ited m air, it 
oxi<lis“s. fuming and giving oil' TcO,, and fuses 
below a red lu'al It the lo.islmg jii<»e<;s.s is j 
eontuuKMl, ino.st of the teliuiiuni is nmioved and | 
the gold is left 111 l.he t«»i in of s[»h<Tieul pellets > 
whieJi liavo soliditiod from fusion. (lahn'ente 
may contain as imieli as 41 p.e. of gold, but. 
part of this IS usually ie})laeed by .siher. A 
specimen of sylvaiiite from I'upf^h' th-eolc, 
Colorado, eont.uned gold 7 1*4 p e , silver 
32•3b p.e., ti-lbii lum r>b-b(> p.e. (!■’. ('. Sinitli). and 
a specimen of [let/.ite tivnu ('aliloniia contained 
25*b p.e. of gold and 11 'S(> ]* e of silvc'r 

Extraction ol gold from its ores. Th(‘ 
metallurgical t ri'ittnuuifc of gold ores is usually 
simple and chea[) ami owing (<• tins eireum- 
stance and to the high valu(‘ ot the nicital, otas 
containing very small j*roporLi<>iis of gold can 
be worked at a pi’olil. Thus tJu* oriis of the 
Witwatcmrand, now heiiig worked, eiuitain, on 
an avt'rago, only about <* or 7 <lwf. of gohl per 
ton, or littlo inoi(* tlutn U’bOl p.e., and in tlio 
ease of aurihu-ous gravad a ton raredy coiitains 
more than a few giaiiis of gt»ld. 

Washinij mtrif<yoii‘< t/inr'l. —'I’lic gold occur¬ 
ring in pla(*ers is obtaimal by washing away, with 
the aid of water, the lighter gravrd Irom the gold 
disseminated through it.. A largi* number of i 
appliance,s and machines are in use for this , 
purpose, ({encraliy tlu! huger stones are re¬ 
moved by some torm of sieve and the liner } 
niatorial is earned by a shallow stream of water '■ 
through inclined troiigh.s (‘ sluice-boxes ’) or j 
over sloping tabh*s. 'J’he heavy partiidos of J 
gold sink to tiie bottom of tlie stream and are I 
caught by the rough surface of blanketing or ; 
plush or in erevii-es which are formed by tlie ’ 
supply of ‘ riffl 's ’ of various kind^. .Sometimes ! 
the riffles consist <.>f wooden .strips or pelt's, ! 
sometimoB of iron rails or slu;els of ‘ e.xpanded ’ 1 
metal. Mercury ig sprinkled in tlio sti*eam and j 
accumulates in the crevices, where it assists in 
catching the gold by amalgamating with it. 
'I’hc goM-amalgani, recovered in the periodical 
‘ oloan-up,’ is strained through canvas to re¬ 
move the e.xcoss of mercury and afterwards 
retorted. 

The gravel is mined in various ways, accord¬ 
ing to circumstances. It may be raised by the 
spade and thrown into the stream, or when in 
high banks it may bo broken down and washed 
away by jets of water {* liydraulic mining ’). 
Gravels cemented by infiltration are crushed 
before being washed. Of late years, dredgers 
have been largely usod, originally to recover 1;he 
gravel from river beds and more recently on dry 
alluvial * flats.’ In the latter case, the dredger 
floata in a pond, and travels slowly aerMs 
ootzniry, scooping away the ground in ^ont and 


stacking it behind after it has been washed. 
Placer mining is now of loss relative importance 
than formerly owing to the exliaustion of many 
of the known deposits. 

Stamp batter ;/.—Auriferous quartz is usually 
treated by crushing in stam}> batteries and 
amalgamation. The residue or tailing is subse¬ 
quently treated in various ways, e8[>ccially by 
the cyanide jiroce-ss. In r(*cent years, especially 
in the United .Stali'-s, the use of mercury has 
been discarded in many ca-ses in favour of the 
cyanide process, and the use of other crushing 
maclmies instead of slumps is also mcreasing. 

JStam])S an' heavy iron or sU'cl pestles which 
are lifted and let fall jii iixui mortars. They 
have gradually increased m wt*igl»t, tho 50 lb. 
stam|)s of 100 yi'ars ago having become the 
000 ib. stamps of the nineties and tlio 1800 or 
2000 Ih, stamps whicli liiivc been installed ill 
tlie 'rransvaal. ’I’iic hciglit of drop is usually 
about 7 or H ineiies ami the number <if drops 
p«‘r Jiiimit'i'. about lOO. Wati-r and ore are 
led iii((» tho mortar continually and tho fall 
of tlie stamps splaslies tin; mixtuixi against 
a wii'(! screen or ])eiforated metal plate set 
111 the side of tlio mortar, 'I’Ik* finely com- 
imnuted material passes tliroiigh tlie sitreon 
and usually falls directly upon gently sloping 
amalgamated cojiper jilaies, .Sometimes mer¬ 
cury is fed into the battery with the ore and 
amalgamated jilates are fastened to the inside 
of tho mortar, hut. tliese practices are becoming 
less common and are iinjioHsiblo with modern 
heavy stamps. It is now considered advanta¬ 
geous t'O remove* tlie amalgamated plates to 
aiiotln'i' Imildiiig at some distance from the stamp 
batti'ry in order to avoid c.xocssivo vibration. 
StanqiM are usually in batteries of five, working 
skIo. by side in a single mortar, but the Nisseii 
stamp lias a si'parato mortar for each stamp and 
has other diiftmclive features. 

The j)ulp from tlie battery is often further 
rediK'i'd in size by passing through a tube-mill* 
a revolving (cylinder half-liUcd with pebbles, 
and in that case a coamer mesh is used in tho 
batU'ry Hcrcons. No screens are used in tube- 
mills. Amalgamated plates are placed at the 
outlets of tlio tube-mills, and those between the 
battery and tho tubo-nillls are sometimes 
omitted. Other machines are occasionally used 
for lino grinding, us, for example, amalgamating 
pans {«ez article Silvisr for description of these 
machines). Roller mills, such as tho Huntington 
mill, are sometimes used instead of stamps for 
crushing soft or brittle ores, or os intermediate 
grinders. In the Huntington mill, four rollers 
with vertical axes run around in an iron pan, 
and are pressed iigainst its periphery by centri¬ 
fugal force. 

In some of the most modem gold extraction 
works in tho Transvaal, the ore is broken to a 
maximum size of about If inch in rock-breakers 
of tho feciproeating type in which the jaws 
alternately advaitce and rocodo. Gyratory rock 
crushers are also used. The ore is then passed 
to the stamp battery and crushed by heaw 
stamps through coarse screens up to ^ inch 
aperture, tho maximum dimensions of ore 
which can be advantageously treated in tube- 
mills. Under these conditions, the amount of 
ore crushed per stamp per day is as much os 
20 tons against 4 or 5 tons in adjoining mills 
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where lighter Htain})S and liner sieves are used. 
8uoh coarse material as that indicated above 
cannot bo passed over amalgamated plates, as 
these would be scoured free from mercury, &c., 
and it is a(;cordmgly passed direct to (inverted) 
cone classiliers, whore the coarse particles settle 
in water and arc retained, whilst the fine material 
is carried away in the overflow, and sent to the 
evanide works. A diaphragm guards the axis of 
the cone ho that the st^ttlenieni of tlie sands 
takes place round tin; periphery. 'I'he under¬ 
flow or discharge from the apex of the cone, 
containing ilic coaiso malcuial, iiududing all the 
coarse free gold, is fed into tube-mills together 
with some of the water from the overflow. On 
issuing from the tube-mill, tla^ pulp, wliicli now 
contains only a small [iropoition of material too 
course to pass through a liO-nn^h sieve (aperture 
0-008 inch), iH slightly diluted witli water and 
then passed over amalgamated iilates where 
the coarse free gold is extraeWd. The tailing 
from the plaUw is ilischargcd into the stream ol 
pulp coming from the battery and again passes 
to the cone classifiers, the ovei-sizo being tlius 
rotumod to the tulMMinll. Tho material pas.sing 
through the tube-mill contains much less water 
(say 2 parts of water to 1 of ore) than that I 
coming irom the battery and that going to ( he [ 
cyanide works. The last-named jiul}) is in a i 
very liiiely divided state and contains no coarse I 
free gold. It is tlius in a suitable condition for I 
treatment by cyanide. 

(Uas8ilit5i-s other than Hini]>le cones are also 
in use in various parts of the world, such as the 
l>orr classitier in Nort h America, and their work 
is assisted m some nulls by concentrators such 
as Wilfley tables. Tho sulphide obtained by 
concentration, is usually rich in gold and is 
treated either by cyaniding or by smelting with 
load ore. i^’ormcrly such material was, in many 
cases, ground with mercury in ])an|<,, or treated 
by chlorination, but these methods have been 
lliscardod. 

Amalqiinialioii depends on the juoperty 
0880890(1 by mercury of ^ wetting ’ gold when 
rought in contact with it. In battery amal¬ 
gamation, the crushiul pulp flows in a thin 
stream over sloping tablcH covered with sheet 
e(jpper, the surface of wliicli has been amal¬ 
gamated by rubbing with mercury. J*articlca 
of gold, silver, or amalgam, on coming in contact 
with tho amalgamated surface adhere to it and 
BO tho plate becomes cov(n*ed with amalgam of 
the precious metals. In order to increase the 
ohaneos of contact between the gold and the 
plates, little falls or steps down of 2 or ‘A inches | 
in height are sometimes made between the 
upper and lower parts of the inclined tables, j 
It has been found that the cakdiing powers j 
of the plate improve as amalgam of the pri'cious ! 
metals accumulate on it, and it is accordingly 
usual to electroplate the copper with silver 
before amalgamating it or to dress Jt with 
silver-amalgam or even with gold-amalgam. 
Tho surface is kept bright and untarnished by 
cleaning with cyanide, and additional mercury 
is sprinkled on if tlie amalgam-suHaee Ix'conK's ; 
hard and dry from the accumulation of silver 
and gold. The excess of amalgam is brushed 
oS at intervals and squeezed in canvas bags to 
separate tho surplus mcrcuiy. Tho pasty 
amalgam retaineu by tho canvas is then 


retorted and the residue melted with suitable 
fluxes and cast into bai-s. 

Gold will absorb about six times its weight 
of mercury, forming a silver-white solid amalgam 
containing about 13-5 p.c. of gold, but in ore 
treatment, time docs not admit of the complete 
saturation of the gold with mercury, which 
slowly pemqraU-s into the solid metal by 
i diffusion. Th(‘ result is that the gold-amalgam 
( colloek'd in cloaning-up in a gold mill consists of 
• little ‘ nuggets ’ of gold immersed in a bath of 
; mercury by which thoir outside layers are 
saturated. When tlie mi.xtuio is strained 
I through ccanvas, tho ('.\(;(‘ss mercury passes 
I througli carrynig some golei in solution and 
' leaving behind most of the geld with its adhoronfe 
' mercury. If tlic gold is vi-ry finely divided, the 
, jK-netratioM l»y mercury is more nearly complete, 

I and the percent age of gold m the solid amalgam 
^ smaller than it the particles of gold are com- 
jiaratively large. Tin- composition of tho 
i amalgam is also afhicted liy the extent, to which 
! other metals are present, as lliese also form solid 
! amalgams with mercury and reduce tlie value of 
tho product. Generally speaking, srpieczed 
amalgam ri'sulting from the treatnient of gold 
ores contains from 20 to dO p.e. of gold. It may 
also eontaiu silvi'r, copper, iron, Ac , in varying 
pru])ortionH. • 

OiK! of the (liiliouliii's in amalgamation is 
tlie ‘flouring’ or ‘sickening’ of menmiy, duo 
chiefly to the presence of arsenic or certain, 
other imjmrities m tho ores. Tlie inereury is 
broken up into a number of excessively ininuto 
globules wliicli have tho appearance of flour, 
and is then swept away in tiie stream of ore and 
water and lost in the tailing. Impure mercury 
containing Iciud, /.ino, is easily floured, as 
the base metals oxjili.se and form a coating over 
tho surface of the globules of mercury, thus 
preventing them from coalescing. Tho remedy 
is to purify tho foul mercury by distillation, but 
in the treatment of certain ores it soon i^ain 
becomes impure. The violent action of stamps 
' on mercury when it is fed into the mortars also 
causes its excessive subdivision, and it is now 
unusual to feed mercury into the mortars, tho 
practice being in any case permissible only with 
light stamps. 

Another difliculty ih caused by tlie dis- 
coloration of the copjicr plates, which bocomo 
covered by a film of oxide or carbonate, witli the 
ix«ult that their catching powers are impaired. 
Tlu^ attack on the plates is generally caused by 
acidity of tlio water duo to oxidation of iron sul¬ 
phide, &c., in tho ore. Sometimes the difficulty 
has been met by the addition of caustic lime to 
tlie ore in order to keep the pulp neutral or 
alkaline. Stains on the plates are removed by 
brushinj^ with a solution of potassium cyanide. 
Plates whieli have been coated with electro- 
deposited silver are more easily kept in good 
condition than others. 

The treatment of or<'. by passing it over 
amalgamated plates reniove..s only a part of tho 
gold, the percentage varying with the ore. In 
many cases from 50 to 7t) jxc. of the gold can be 
rtwbvered in this way, very few ores oem^ com¬ 
pletely ‘ free-milling,’ i.c. yielding ail their gold 
to mercury. Some ores ore highly ‘ refractory,* 
yielding little when subjected to amalgamation, 
and these are' treated by cyaniding or by 
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smelting. Conoontration by flotation has also 
boea applied successfully to gold ores and pre¬ 
vious amalgamation is then unnecessary in some 
oases. The tailing is usually worth treatment 
by cyanide. 

The c^fanide. proc-ess. —Tho tailing from 
amalgamation contains somo finely divided 
gold which escapes extraction by mercury but 
is usually readily soluble in solutions of the 
cyanides of the alkali metals. The solvent 
action of cyanide on gold is very slow and re- 
qiiirtis the preH'‘ni’e of an oxidising ag(»nt such 
as free oxygon. It may be oxpressiii by the 
following ©([nation, whictli represents tho sum 
of tho chemical atttions-:— 

4Au + 8K()N HO,-l-2ir,0-4KAu((!N), f 4K<)H 

Tlic potassium aui'ocyanid(5 formed in this 
way remains dissolved in the watiT. The 
oxygen rerpiired is dissolved in tho cyanide; 
solutions from lla^ air in ce^ntaot witli it. If 
the oxygen is exhausU^d owing, for example, to 
tho cyanide solutions remaining for some timi' 
in contact with ore containing readily oxidisablc 
sulphide or organic matter, dissolution of the 
gold 18 stopped, and it is neces.sarv to aerate the 
pul{). Very ddiile solutions of cyanide are used, 
containing from about 0 5 p.c. to as little as 
O'UOl p.c. of potassium c.yanide. 

Crushed ore or tailing is treated in largo vats 
(containing as mueh as 400 tons of ore) with 
false bottoms jirovided with liltiu' beds. Cyanide 
solution is run on to tho ore and allowed to 
porcoiati; through it. hVgsh .solution is added 
from time to time and finally the ore is washed 
with water. 'J’he solutions pass tlirougli tho 
filter by whicli tlu'y are clarified and arc con¬ 
veyed to the prticipitalion boxes, where the gold 
is separated, os diiscribcd later. 

Some ores are not amalgamated before treat¬ 
ment with cyanide. In these cases, it may be 
advantageoas to crush in cyanide solution 
instead of water, and the method is used at 
the Black Hills, Dakota, and in many other 
mills in America. At first the ore was crushed 
in stamp mills as already described, but other 
forms of crushers have passed into use in the 
last few years. Among these may be men¬ 
tioned : (a) the Hardinge mill, a conical or pear- 
shaped mill half-filled with steel balls, working on 
the principle of the tube-mill; (6) the Marcy 
mill, a short tube-mill containing steel balls, 
or rode, working without screens; (r) Chilian 
mills, which resemble mortar mills, tho crushing 
being effected by edge-runners rolling round a 
ciremar iron pan; \d) pairs of rolls between 
which the ore passes. 

There are numerous modifications in the 
cyanide jproce^ necessitated by the conditions 
or introduced as improvements. Of these, the 
variations In mechanical treatment are the 
most important and complex. Difficulties in 
leaching crushed ore are caused by the presence 
of * slime ’ or impalpable particles whicn render 
the ore impervious to the passage of liquids, 
unlcM it is treated m thin layers. To avoid this 
difficulty, the crushed ore is divided into sand 
and sUme in * classifiers,’ by taking advantt^e 
of the difference in the rate^if settlement of the 
pdr^oles in water. The ‘ sand ’ consists of the 

r Holes whlcfii settle readii}^ in water. It 
easily leached, liquids passing through it 


j under the action of gravity with groat rapidity. 
' It is sometimes separated from tho excess of 
water contained in it (‘de-watered or ‘thick¬ 
ened ’) by means of filters, and is treated by 
simple leaching as” indicated above. Tho 
‘ slime ’ does not readily settle in water, and 
cannot bo leached directly except under high 
j prcs.suro. 

! The classification may be effected by merely 
' running t in; stream of pulp into a large vat 
I lillod with water, when the sand settles and 
I fills the vat and the slime is carried off in the 
I overflow. Either the sand is cyanidod where 
; it settles or it is drained and transferred 
j to another vat for the fiiirpose, thus becoming 
! well mixed ami aerated. Another method of 
i separation is by the use of ‘ spitKlutten ’ or 
' pointed troughs, in whiidi a rising current of 
water carnt^i off the slime, the heavy sand 
, falling tlirough the water and being discharged 
, at the a])ex of the trough, (hmo classifiers and 
’ otlu‘r modern appliances have already been 
mentioned in connection with tuhio-mills. 
Various deviciw are in use for the oven distri¬ 
bution of tho sand in filling the treatment 
vats. 

'riie treatment of slime is becoming the 
most important jiart of the cyanide process. 
In ' all-sfiming ’ inethodH, the sand is reground 
urif il it can be included witrh tlio slime, so that 
no separate treatment is required. In many 
oases tlu' gold is not com|>lotely laid open to 
attack until the ore is ground to slime and the 
recognition of this fact has l(;d to a wide adoption 
of the all-sliming policy. The slime is treated 
by agitation, cs[>ecially in Bachuca tanks, in 
which a column of pulp mixed with air rises in a 
large pipe placed in the tank, and overflows at 
the top. The gold is dissolved and the ore 
separated from th*' cyanide solution by (1) de¬ 
cantation, (?) filtration, or (3) counter-current 
decantation. ^ 

(1) In the decantation process, the slime is 
thickened by settlement and decantation, often 
with the aid of dissolved lime (by which the 
slime is coagulated), and is then agitated with 
dilute cyanide solutions and washed by decanta¬ 
tion in (ionical vats. Slime is usually aerated 
by the passage of comiiressed air which is forced 
through perforated pipm at the bottom of the 
vats, thus serving to agitato the pulp at the 
same time. Tho addition of about 0*25 p.c. of 
oxides of manganese and iron to tho slimea pulp, 
and the use oi air-agitation on the same chaige 
(Adair-Ushor process) has been widely adopted 
in the Transvaal. 

(2) In slim^ filtration, the thickened pulp is 
agitated with cyanide solution and filtered with 
the aid of a vacuum (as in the Oliver, Moore, 
Ridgway, and Butter’s filter p^ses), or by 
direct pressure (as in tho Merrill,Burt, and other 
filter presses). Even a thin layer of slimed ore 
offem ^eat rosislance to the passage of liquid, 
and an enormous area of filtering surface k 
required for operations on a large scale. This is 
obtained by using a number of parall^ filt^ 
plates or leaves placed near together. A 
vacuum is formed in tho narrow space between 
two leaves and the liquid filters into it. The 
slimed ore gradually forms a cake on the filter 
surface end is washed with clear water in thet 
position. After being washed, the oakes ci 
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Klime arc dotachod by lilowing air through in 
the revoT‘8(» diniction or by other methods. 

(li) (louriter-current dewintation. This is a 
continuous j)rocess, the sliinod ore settling 
through a rising current *of solution {or wash- 
Wfttiu) and Ix'ing wit.lidrawn at the bottom of 
the va(- for Iraiisfcrcmto to tlie top of the next 
vat. ^’lic Holulion onlH'rs at tlici liottom of the 
vat and ov(*rflows at the lop, so that it moves 
in 1-lic reverse direction to tlwi ore tlirough tlio 
series ol vats. 

The gold contained in py riti's or other sul jihide 
is less readily solulile than ordinary lice gold, 
owing to the alisorption of oxygi'n by the sul- 
])hide. Wlieu th<- sul[)hi<le is .se]>iirat(‘d as 
eoneentraie l)y tlie um' of travidlmg-bolt vanmu's, 
WiKley tabU's, or other inaeiiines, tliis dis¬ 
advantage becomes serious, and such material, 
as bos lieeii mentioned aliove, is sometimes 
shipped to HiiH'lting works inst(*a<l of being 
tr(;ated by eyanulation. 

Ores may also contain ‘ eyanicides' by 
wliieh jiotaKHinm eyanide is di'stroyed as sueli. 
Acidity of tin- or(‘ due to oxidation of suljihule 
is not imcfimmon and this is eorri'eted )»y 
washing with alkali before j-lu* eyani(h' solution 
is ajiplied, or by crushing the ore with lime. 
(Jertain eiijnifiTous ores dost i-oy so much cyanide 
that they cannot, lie treated profitably liy tlie 
proeoss. 

Tlie treatment of telluridi' ore by cyanide 
})reHents great difiicult ies, as ])ol.a»sHiuin cyaiiuh' 
a.<;tB very slowly on telluiide of gold. Kither tlic 
ore must be roasted in order to exjK'l the tel¬ 
lurium before cyanidiiig, or an addition of 
bromocyanogim must be made to oidinary K('N. 
The mixture readily dissolves tellunde of gold. 
If ooorso free gold is present in tlie telluridi* ore, 
it is extracted by amalgamation. In Western 
Australia, the tolluride ores, after treat.ment in 
various ways, which involve roasting the eon- 
^ntrate or t lie whole of tlie ore. regriiuhng in 
tulie-mills, classification, agitation with cyanide, 
&c., nro almost universally jilter-])reMHcd. 

I’recipitation of gold from cyanide solutions 
may lie otTe<‘tr('d by zinc shavings contained in 
Iffrig boxes divided into eompart.inonta by means 
of partitions wliich force the solution to flow 
througli the zinc upwards and downwards 
alternately. The zinc is coated with lead by 
immersing the shavings in a solution of load 
acetate, in order to exjKuiite tlu' precipitation, 
especially in weak solutions. Tlie zinc dissolves 
in the cyanide solution and gradually wastes 
away. 'Phe gtdd is precipitated chiefly in the 
form of l>lack slime. Oxygen in the solution 
delays ]>recipitation ami may even reverse the 
action. 'Phis difficulty is overcome by the ('rowe 
or vacuum process of de-acrifying cyanide solu¬ 
tions preparatory to precipitation (Morg. and Sci. 
Press. Aug. 23,' 1919, p. 257). In ' cleaning up,’ 
the zinc is washed free from cyanide and digested 
in sulphuric acid or sodium diH'dphate, Vintil all 
action has ceased. The residue now freed from 
zinc is washed, filtered, dried, and fused in pots 
with borax, manganese dioxide, or njtre, and 
sodium carbonate. After casting, the bullion is 
separated from the slag and sold to refineries. 
An alternative method is to smelt the gold-zinc 
slime with litharge, charcoal, &c., and to cupel 
the base lead-bullion produced (Tavener pro 
cess. In modem practice, precipitation is 


often effected with zinc-dust which is ogitatod 
with the clear cyanide solution. The precipi- 
I tatod gold IS separated by filter pressure and is 
! smelted at once without previous acid treatment. 

! Another method of precipitation is by moans of 
finely ground charcoal, wlucli is subsequently 
burnt, leaving iho gold in tlio ashes. The 
effective agent, n; Hupj)0.s<‘d to be carbon mom^dde 
, (contained in tlie cliarcoal (Edmands, Bull. Inst. 

: Mng. ami Mot. I'.HS). 

i ores eontaiiiing appreeiable 

Quantities of lead or copjier are usually smelted 
for th<* }|f;oduc’tion of tlicsc^ metals, from which 
I the gofd IS suhseijuently extracted. Other gold 
ores are .sometimes useful as flu.xes in the smelting 
I ojx'rations (srr al’tielos ('oiTKR and Lead). 

1 Refining. Gold extracted from ores is 
' usually imjmri' and unfit for uh(‘ in the arts until 
it lias hei'ii refined. Preliminary refining or 
‘ i'OUghenmg ' operations are often earned out 
eitlii'r at. the relinenes or at the gold mills before 
j tlie luilbun IS sold. Sonud imes tlie gold is melted 
‘ m erueibh's with oxidtsmu agents such as nitre, 

I or a blast of air is direelccl on the suidace of the 
I molten nieia! or even ]uissed through it. The 
j base metals are oxidised and form a dross which 
I IS skimmed oil with I.Im' lielp of hone ash, or 
! borax is added to form a fusible slag with tlie 
oxides of the ini'tals. In the Transvaal, the 
I gold precipitate (ilitained in the cyanide process 
j is often ix'lineil by eujxdlaiion with excess of lead 
(Tavener process). M'ouglumed bullion contains 
iitlie except gold, silver, and cojiper. 

In London and oi^ 1h(‘ ('ontincnt of Europe, 
gold bullion IS usually lefincd liy ‘ jiartlng ’ with 
Kul|)hunc acid. In this proix'ss, an alloy of gold 
and silver is ])re,pjired by melting gold bullion 
with * dore ’ silver (i.c. silvm- eontaming small 
ipiantities of gold) or .Mexieaii dollars cir occa¬ 
sionally witli rolined silver if no other is available. 
The parting alloy usually contains from 20 to 
I 30 p.c. of gold and a f(!W p.c. of copper. If a 
; higher proportion of gold is jirescnt, some silver 
i remains undissolved and is retairu'd by the gold. 

' The copper assists the dissolution of tlio silver. 
The alloy is granulated bv being poured into 
water while still molten and the granulations are 
boiled in concentrated suljiliurjc acid of sp.gr, 
i'85 in cast iron kettles. The amount of acid 
used is four or five tinu's the weight of the 
granulations, but only about half this amount is 
added at firat The sulphur dioxide, which 
' is formed in large quantities, is carried away 
; through leaden pipes. Silver sulphate is re¬ 
tained in solution in the hot concentrated acid, 
but tends to be precipitated when the acid is 
cooled or diluted. When the evolution of sul- 

f ihur dioxide is at an end, the liquid is trans- 
orred to a settling pot, and fresh acid added. 
After tlt!*ee boilings m acid, the ‘ brown gold ’ 

; residue is washed with boiling water, dried, 

. molted with nitre, and cast into ingots of about 
1 4(X> ozs. each in open moulds. 

! The acid solution of silver is poured into 
large lead-lined tanks containing hot water and 
sheet or scrap copper, and is heated by means 
of ctoam and stirred until the precipitation of 
the silver is complete. The silver precipitate is 
washed, dried, aneixM^mpreesed into o^kes by 
hydraulic power before being melted. The 
solution is altenaately concentrated by evapora¬ 
tion and allowed to cool, successive cnops of 
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crys^ls of copper fulphato being obtained, j deleterious elements which are oobaeionally left 
ot which the first is the purest. As an altema- | in small quantities in the gold refined by aul* 
tive the copper is removed from its solution by ■ phuric acid, rendering it unfit for use in the arts, 
electrolysis. The gold produced by sulphuric ; Chlorine procesfi. In Australia and CaniMla, 
acid parting is usually from 996 to 999 fine, j gold is refined by the passage of a stream of 
and the precipitated silver is about 990 or 998 j chlorine gas through the molten metal, a method 
fine. Formerly nitric acid was used at l*hiia- 1 invented by Miller in 1807. The chlorine is 
delphia as an adjunct to the .sulphuric acid pro- ! conveyed through a clay pipe, which is inserted 
cesg before the introduction of the elci^trolytie ; in the metal. Zinc, iron, &c., are chloridised 
process. ^ i iirs{, ^nd arc sometimes removed by a current 

In the United States, in (Canada, and in some I of oxyuen before chlorine is jiassed through, 
refinories in London and ({errnany, gold is | Silver is atlacked last, and tlic end of the opera- 
refined by electrolysi.s. Two proeesses are used j tion is recognisisl by the appearance of a 
Hucoi^aivoly. In the Mochni.s ])arf.mg characteristic Mlanio,'denoting that the chlorine, 

alloy eontaimng not more tlian 110 pc-, of gold : which in tlieearlierstages is completely absorbed, 
and at lon.st 70 p e. of silver, eoppe-r, lead, cfec., has begun to pass unehanged through the 
is eleetrolysed in a solution containing about | metal. I’lic fused (dilondes are baled out into 
2 p.e. of free nitric acid and S p.c. of silver in - moulds and the refined gold stirred and cast 
the form of nitrafrc. Silvc-r, co])]>or, and some I into ingots. 'I'he chloridc-.s, which contain from 
other metals am «lisHolved at f.lic anodes, and 5 to 10 p.c. of gold, am romoltod and small 
silver is deposited at the catliodc.s wliicli consist i (juant.ities of sodiuiu bicarbonate are added 
of rolled sheds of pure silviu*. The current ! without siirnng. Some silver is reduced at 
density is 7‘5 amperes ]H-r sijuare foot of eat!K)d<^ tlio surface of tlie charge, and falling through 
surface at I’hiLuleiphin, an<l as nnicli as 20 tlie chlond(‘s carnos down tlio gold with it. An 
amperes per square foot at Denver. 'J'lie silver | alloy is thus produced, containing from 40 to 60 
is deposited m a coherent form on the cat hodes p.c. of gold, wliich is again passed through the 
witli the. hclji of a little gelatin 111 the electrolyte relining process. 'Die slabs of silver chlorido 
and IS subsequently stiip])e<l off. 'I'lu^ gold urij boiled in wat<‘r to free thorn from the 
remains undissolved at t in* anodes and letains chloridi‘s of eopjier, /.me. tS:c.. and the silver is 
some silver. The coppi-r, lead, zinc, (V’c., then reduced by means of iron and hydroclilorio 
accumulate in tin; electrolyte, wliieli js kiqii in acid. The refined gold is about 996 fine. The 
(iondition by the addition of silver nitrate and method is inconvenient if a large projiortion of 
by frequent renewal. 1’lie gold anodes arc silver is pm~sent in the bullion to be refined, 
sometimes boiled in sulphuric acid, but if they Properties ot gold. Tlie charactoristic yellow 
contain as miuL as 9.76 g'dd per 1066. colour of gold is made redder by the presence’of 

they may lx‘ melted at onci; and cast, into anodes copper and jialer by the presence of silver. In 
for treatment by tlu' Wolilwill process. certain jirojiortions the (meet tif one of the two 

in tile Wohlirdl -proa'^/i, the anodes contain metals neutralises that of tlio other. Molten 
not more than oO parts of silver per 1660 and a gold is green in colour, and very finely divided 
few ])art8 per I(KM) of biuso metals. Jly the use gold is usually of some sliade of purple, os in 
of a ‘pulsating’ cuirent (a combination of a the case of gold whieli Ims been volatilised and 
direct and an alternating cuiTont), it is claimed condenseefi 

that mat(!nal continuing a greater proportion of (told is tbo most t^xtensiUo of all metals, 
silver can be treated, as the silver i-liloiide is can be reduced by hammering to a tliickneas of 
automatically detaclu*d from the anodi-s. The O’OOOOH mm. Its malleability and ductility are 
electrolyte contains from 2 to 10 p.e,. of hydro- reduced by the presence of impurities, of which 
chloric acid and from 2-5 to 6 p.c. of eblonde of bismuth, load, and tollurium have the most 
goUL 11*18 boated l-o a temperature of 60” to 70'. striking ettocte. Gold containing 0*25 per lOOO 
The higher Ktrongt hs are in use at Denver, where (,f bismuth is brittle. Tlio molting-point of 
a high current density of 60 amperes per square pure gold is 1004”, but if 0*2 p.c. of tollurium is 
foot is used. If the hyilrochloric acid is in- contained in it, it softens at 422”. the melting* 
Bufficient in amount, or if tlio electrolyte is not point of the eutectic of gold and tho compound 
hot enough, or if too high a currept density is AuTcj. I’ho presence of most other metals 
used, some chlorine is givi'U off at the anodes reduces the melting-point of gold, but platinum 
and a corresponding amount of gold remains raises it and silver does not materiallv affect it, 
undissolveil. The anodc« are made of such unless it amounts to at least 20 p.c. oi the alloy, 
thickness {4 to 12 mm.) that they can bo dis- The density of cast gold is about 19'3, but that 
solved in from 24 to 26 liours under tho con- of precipitated gold is higher, varying up to 20*72. 
ditions of treatment. The cathodes consist of Gold is unaffected by the air at alltemTOra* 
fine gold and the deposit on them is almost pure tures and can be melted and solidified wiwout 
gold, so that copper, lead, zinc, tellurium, &c., being changed. In large pieces, it is not 
accumulate in the solution, to which it is noces- perceptibly attacked by alkalis or by niMo, 
sary to add gold chloride at frequent intervals, sulphuric, or hy(brochloric acid, but, when 
The residue at the anodes consists chiefly of finely divided* it is slightly soluble in boiling 
silver chloride, but any platinum that may bo HCl and in boiling HNO,. It is freely solubw 
present remains there and some gold is also left in aqua regia or other mixtures, evdlving one 
undissolved. The anode mud is boiled in of the halogens, and more slowly by eyatUde 
sulphuric acid which converts the Ag(% into solutions in the proseilce of air. its com^unds 
AgjSOj. arc generally formed with difficulty and deoom- 

The gold and silver refined by electrolysis are posed very i^ily with the isolation of the metal.. 
of hkh quality. They can easily be made over AUoys ol gold. The gdd^opper aUoya sM 
999 fine and are always free ftom lead and other harder, more fiu^hlo, of higher tensile strengtii, 
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and loafl malleable and diiotilc than ])ure gold. 
The raotalM arc miscible in all proportions when 
molten and on solidilicaiion separate only to a 
slight degrts!. The hifit additions of copjier to 
gold cause a i-apul lowering of tlie melting-point, 
tlio niiriinium of 884® being roacimd at tii(? alloy 
containing gold 82 p.e., copper 18 ]>.(•. Tliis 
alloy IS Hotnewhat brittle, breaking umler tin* 
ham^per with a conelioidal fnicture, an<l is un- 


suitable for the manufacture 

of wares. ' 

densities of the alloyH when i-ast 

are as follows 

J*roi«)rtlon of golil 

Density 

JOO pe.' 

I!D30 

01*()(i 

17*35 

!M)-0 

17*17 

75-0 

14'74 

.. 

12-(ii> 

25 0 .. 

10 •03 


When Die alloys ai(‘ rolled or hanimeicd, llie 
densities are higher, an<l tlie densities of gold 
wares, which (^insist of tnjilc alloys of gold, 
Bilvc'r, and copper, are iiKo Jugher. 

(iold-fiUiKT alloys ar(‘ soft, inalleahle, anil 
ductile and all their properties are iiilcrmcdiate 
between those of gold anil silver. 'J’he colour is 
dominated by the silver, the alloy containing 
117*5 p.e. of gold being only just, ihstuiguislmble 
in eoloiir from ])ure silver. Alloys eontaiiiing 
not le.sH than <>5 p r-. of silvi'r are almost, eoin- 
pletely parted by boiling nitric or sulphiine aeid. 
the silver being dissolveil and the gold loft 
behind as a brown sponge or ])owder. The gold 
obstinately retains about O'l p.e. of .silver, and 
on oontmiied bojling in strong iiitrie acid. Konie 
gold is dissolved wliilst t.lie jiroport.iori of siKer is 
reduced very slowly. The presence of coppi’r 
facilitates tlie action of t.he acid )»ut. does lud 
alter tlie final result. 

Amihjntm or alloys of gold and nicreiiry are 
formed at ordinarv toinpi'ratnrea bv dir<*et. union 
of tho two metals. Mercury dissolves 0 11 p.e. 
of gold at 0‘' and (tT2li [i.e. at 1(M)^. and gold 
absorbs about li times its weiglit of mi^reitry, 
forming a sih'er-wliito solid alloy eoiitainmg 
about 13*5 j).e. of gold. At 440® most of the 
mercury is removed by^ volatilisation, t he residue 
containing about. 75 p.e of gold. At. a bright 
red heat, almost all the remainder of the mercury 
is distilled olf. In the alternative, the mercury 
can be removed by dissolving it in nitric acid. 
Parravano ((Jazz. ehim. ital. 1!)1H, 48, ii. 123) 
states that gold amalgams contain at least two 
compounds Au^Kga inut Aujllg {»/. Paal and 
Ktcyer, Kolloid ZeiKsch. l!)18. 23. 145). 

OM-iron alloy.s are hard but malleable ami 
ductile. Alloys, containing bid.wecu 15 and 
20 p.e. of iron, arc used in jewellery in France 
under the name or <jris. Their coK'ur is greyish- 
yellow and they melt at temperatures higher 
than that of pure gold. Or hku contains 25 p.e. 
of iron. It melts at a temperature of 11(10®. 

Gold forms » brittle purple compound with 
aluminium, containing 21*5 p.e. of alunpuium 
and having the formula AuAU Assigned to it. 
The oomj^und AuZn, containing 25 p.e. of zinc, 
is of a puo lilac colour and is also brittle. Tiiere 
are many other intermetallie compounds con¬ 
taining gold, usually brittle substanceii of a 
Bilver>white or greyish colour. Zinc removes 

f old from molten load, forming the compound 
uZn^, and aluminium has the same property, 
the compound formed being ^Ai^. 


US 69 of gold. Gold is used in the form of its 
alloys with copper, silver, &c., in the manu* 
facturo of coin, plate, and jewellery. Gold leaf 
is used for gilding by hand and potassium auro* 
cyanide is used in gold plating baths. Gold 
is also u.sed in photograpliy (in the form of 
sodium ehliiio-aurate); in dentistry (as alloys); 
ill mi'dicirie (as the ehlondo)^ and in tho 
manufacl.ure of mirrors for reflecting purposes, 
III the form of purple of Cassius, and a.s leaf it 
IS used for colouring glasses, glazes, and enamels. 
Till* aid of a flux is cmjiloyod m its application 
in glazing and a mixture of the composition 
30 parts j^'-eeipilal.ed goltl, 15 of black mercurous 
oxide. 2'5 of basic bismidb nitrate, and 0*3 of 
iiielti'd liorax is lecommemled, Tho addition 
o! 3 part.s of silver earbonati' jiroduecs a greenish 
liiif. Aftei firing tlie gold lias a matt surface 
and must be polished with bloodstone or agate. 
A rlicaper jiroeess. wliieli does not require 
l>olisliing after lirmg. is in the use of ‘ Glanz 
gold ' oi * Meissen gold.' a m’cparation of gold 
Hiilution with an organic^iedium such as 
tiirpi'iiline, lavendei oil, and a balsam or resin. 
Gold lace consists of (‘xeessivdy line strips of 
gold twined lound silk and contains about 
2 5 j).c ol gold by weight * 

Maniifdcluii of l o/ii.— 'i'Uv standards of fine¬ 
ness of 1H(3*() (Itntisli Emjiire, Turkey, and 
I'ortiigal), and 90(1 (most other countries) are 
used gimerally for eunent. coin, t-ho cxeejition 
being Fgypt wIktc the standard is 875. Tho 
alloy IS prineijially cojipef. but small quantities 
of silver are present in most coins, the proportion 
being higher m old ones. Fine gold was used 
lor <-oinag(! for a time in Aneiiuit Ureecc and also 
m Home, under tho Kepublie, but copper was 
afterwards added to rediiee the cost. Fine gold 
IS .still used for some medals, Jt is now uni¬ 
versally admitted that the alloy with copper is 
bettci than pure gold for coinage, owing to its 
lower melting-point, wbii li is advantageous in 
till' mamifaeture, and its greater hardness, 
which enables it to resist ilefaeemoiit. better and 
perhajiH to be li'ss readily abraded. The only 
disadvantages of tho alloy with copper are that 
it blackens when heated and is made brittle by 
the preseuee of a minute proportion of leatl or 
tellurium. Fine gold is not affected until the 
proportion of lead is five or six times as high 
(0*15 p.e. as against 0’025 p.e.). 

In t.he inanufaeture of coin, refined gold is 
melted with copper in graphite crucibles and 
east into bars in upright (closed) iron moulds. 
Charges of about 25(K) ozs. aixi used at tho Royal 
Mint and tho fuel is ordinary illuminating gas 
with a blast of air. Naphtha gas or oil are in 
use at some other mints, but solid fuel has now 
been disearded generally. The loss of gold in 
melting is about 0*2 per KXK), about half of 
, which is volatilised and can be recovered by the 
use of suitable i-ondensing chambers. The 
' remainder is in tho ‘ mint sweep.’ 

After being assayed, tho gold bars are rolled 
down, blanks or discs are cut out by punches, 
and the blanks annealed in gas furnaces, ail 
being excluded. Tho blank is placed in a collar 
and 4i.ruck between dies by means of a lever 
; press. A single blow suffices for the production 
of each coin, tho design on each side being im> 
pressed simuitaneousiy, while the metfd is loreed 
laterally by the pressure jn(o the o<»Tugationf 
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of the collar. Finally, the coins are weighed 
singly on automatic balances which reject those ! 
outside the limits of weight allowed by law. j 
Gold wares. —^The alloys used in the manu- i 
facture of gold wares consist of gold, silver, and j 
copper. The wares arc usually made from 
rolled plaU^s which are cut out by punches and 
struck between dies. 'IMjc pi<«‘.cs arc fitted > 
together by hand, usually by means of .soldering. 
Solders generally contain less gold than tlie parts 
which have to 1x5 joined together. Decorative 
work is larried out by hand-hammering, en¬ 
graving, chasing, &<•. Tlie ware.s are. ‘ cokpin'd ’ 
or pickled by a }>roct‘s.s wiiich removi# the silver 
and copper from l.lic surface and loaves a 
coating of pure gold, afterwards burnisltcd. fn 
pickling, the wares arc, heated to rc<luess m air 
and the blackened surfaci* is removed by boiling 
in dilute sulphuric or uitric acid, after which 
the colour is improved by immersion in hot 
mixtures of nitre, common salt, alum, «S;o. The 
standartls of gold wares authorised by law m (lie 
United Kingdont^are 22carat (/ c. eontaining 
22 parts of gold out t»f 24) 18-, 15-, 12-, aud fb 
carat. Other standards are in usi* abroad. 

Imitation gohl wares .someiimi's consist of 
alloys bf copper with aluminium, zinc, and 
sometimes of a tbin jdale of gold laid on a 
bar of base metal and rolled out for usi' in manu- 
factiii'e. KI(^ctro-j)Iating is earned out in baths 
containing potassium aiiroeyanide with anodes 
i>f jmre gold. The bath is us(‘d hot and the 
anode is of about the same dimensions as the 
article to bo gilded, (fold chlondi^ is added to 
the bath, us reijuired, to keep it at the strength ' 
of about one ounce of gold to tlie gallon (()'85 g. | 
of gold per litre), in .Japanese art, alloys of i 

3 or containing a small proportion of gold are J 
to enable a lieautiful purple patina to be ; 
reduced on the surface. The alloys are . 
nown as Hhikudo and Sluhviclti. I 

Gold leaf contains from ilO to 08 p.e. of gold, ! 
the rest being .silver and copper. Thc' nuital is | 
oast into little flat bar-s which arc roiled out witli ^ 
frequent anneiding.s until about mm, tliiek. | 
The strip of gold is then cut into pieces of I inch j 
square and these arc interleaved with vellum . 
and beaten with a lb-lb, hammer to 4 inches 
square. They are again cut up and beaten out; 
between gold-beaters’ skins. The book of 26 
leaves, each about 3] inclK« {8'26 cm.) square, 
contains from 4 to 10 grains (0'2f) 1o Oil.') gram) 
of gold. The leaves are from 0-00(X>8 to 0’(K)02 
mm. thick. 

Production .of /yo/r/.-r-Tho annual production 
of gold, after remaining nearly stationary at 
6,000,000 or 6,000,000 ozs. for many years, began 
toriserapidlyin 1891 and amounted to 22,850,(K)0 
ozs. of the value of 97,100,000/. in 1916. It is 
now declining, partly owing to the exhaustion 
of some of the mines, and partly owing to the 
rise in prices which has made the working of the 
poorer mines unprofitable. Many countries 
Gontribute to the output, and of these the 
Transvaed, United States, Australia, Mexico, 
India, and Canada between them 
are responsible for 90 p.o. of the world’s 
production. The British Empire produces over 
60 p.e. the total amount. The world’s stock 
of gold ^ estimated at 1,800,000,000/. 

BtbUo^phy .—full bibliography of gold is 
A|^»ea4ed to the Metallurgy of ^Id, by X. K. 


Rose, 0th edit., Ijondon, 1916. The following 
are among the most important treatises on the 
metallurgy of gold published of late years: 
The Stamp Milling of Gold Ores, by T. A. 
Rickard, New York and London, 3rd ed., 1901 ; 
Oro Dre><Hing. by H. JL Ricliards, New York, 
1903 ; Dyaniding (fold and Silver ()res, by H. P. 
Julian and E. Smart, London. 1904;-Gold 
Dredging, by Longndgo, London, 1906; 

Rand iMetallurgival rractice, T. K. R. 

CoMPOUNPs OF Gold. 

; Two o.Kidos are known, the monoxide or 
i .suboxido AiuO, and the se.s(juioxide or peroxide 
AiijOj (llullnheimer, (4icm. Zontr. 1897, i. 622 ; 
Vanino, Jb^r. 190.'), 38, 462). Auroauric oxide 
{AuO)rt is formed by the jiarlial decomposition 
of auric iiydroxule. at 160 ’. 

Tho inuboxide Au(OH).j is liest pre- 
I pared by lieatmg a solution of gold chloride 
with magnesia, and washing the rosidiic with 
nitriv, acid. It may be obtained pure by re¬ 
ducing potassium auriliroiuide, KAuBr^, with 
Huljihurous a<-id, and tlu'u warming with dilute 
' ]>ota.s.sium hydroxide. 

It possoHSOH a yellow, olive-green, or brown 
colour (according to tho metiiod of prt'paration) 
while damp, and becomes brownish or block on 
drying. When warmed with alcoholic potash, 

J metallic gold is jirecipitatcd in minute scales, 

\ used in miniature 'jtaintiuij. 

The hy<iro.\i<[o is soluble in potash, with for¬ 
mation of a veiy unstable potassium aurate. 
'I’he solution may bo used in oldotrogilding. 

1 ’be alkali oarth aurattis have also been 
obtained. Thoy arc stablo when dry, but 
iloconipo.so ri'adily in solution under the in- 
fluenco of lu^at or light. With organic matter 
thoy yield explosive powders (Meyer, l.c.). 
Wlmn a slieet of gold is used as a positive 
electrode i« sulphuric or nitric acid, a reddish- 
brown explosive powder, probably a hydroxide of 
gold, is formed (Hampe, (bom. Zeit. 14, 1778). 

When acted upon by ammonia, tho oxid^ 
produces a green or brown fulminate allied to 
that of silver. Tho fulminate may be obtained 
as a buff-coloured precipitate, containing some 
ammonlacal subohloridc of gold, on addition of 
ammonia to gold chloride solution. For a’ 
description of the explosive nitrogenous com- 
j pounds of gold obtained from auric hydroxide 
j and the salts of gold by the action of ammonia 
[ or ammonium carbonate, see Weitz (Annalon, 

I 1915,410, 117). 

I Aurous sulphide AU 28 is formed whon sul* 

I phuretted hydrogen is passed into an acidified 
: solution of gold cyanide or chloride. It is a 
brown powder,* 8010 bio in water whon moist, and 
forms double salts with potassium and sodium 
' sulphites (Ditte, Compt. rend. 1896, 120, 320; 
i Antony and Lucchesi, Gazz. chim* ital. 1896, 26, 
ii. 360). 

Auroauric S|^Iphide Au^i^ is formed by 
passing sulphuretted hydrogen into a ooM 
neutrsd solution of gold chloride (Antdby a&d 
Lucchesi, Gazz. chim. ital. 1889, 19, 545 ; 1861* 
21, ii. 209; Christy, J. »Soc. Ghem. Ind. 1897« • 
332). 

Auric sulphide AujSt is obtained m it 
deep yellow precipitate, by treating anhydrous 
lithium aurichloride with sulphurettM hydxoseii 
at —10° (Antony aM Lucchesi, Gazz. chim. iW. 
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1890, 20, liOJ, and l.r.). It is a graphitic 
amorphous jxiwdiM'. sp gr. H'754 and <locompo8c« 
at 197 "-200' into its t'hiincnf^. (Caustic alkalm 
and. hydro- and jmly- wnlphidr'H of ammonia 
decoinpoHo it vvifli dcjxwition of inotallic gold. 
The tliree sui|iliides Torm eolioidal solutions iu 
alcohol. 

When lin<‘!y divided gold is heated with 
snlphiif and potaK.sium ixirhonatrs a douhle snl- 
ihide of p«ita.sHitmi and gold, which n-Kisl.s a red 
i(*at and is Holiihtc in walin’, ik ohl.aincd It is 
emjiloycd for th(‘ production of Jiiiiijn.s lustre in 
gilding china. 

Various gold sodiuin, ])ol.as.siiim, an<l aniino- 
niuni Hulphilcs un<l lhiosul|dutcs have Ix-en ob¬ 
tained (Antony and jiUeeln*si. if ). 'I'he Kul})h- 
ites, K5lAu(SO,),|,rdl.,t>;Na5lAu(S<).j)4l.‘4H ,(); 
An.5(S()3)..4Nli...llL(); and' 

Au(S(),),K ,.2N1I p2ll,t» 
are deHcrihed hy Pnt/.i' (ZeitHcli anorg (lieni. 

r>!>, l!)H), wlidst. th<‘ compound AuSpNH^ 
lias hi'cn pri'piinnl hy llofnnuin and llochllcn 
(Her. I90:{. 21). • I'.Mtd, 27, 24.7). 

Thiosulphate of gold and sodium 

Aii,S,(t., 2Na,.SA),„4M ,(> 

crystallises in eohnnh'M.M needles, fieelv soluble 
in water. It is fornu'd hy the a-etion of sodium 
thiosulphate on g<»!d elilornh'. Tins salt 
exists in eoniinned living and t-oning piioto- 
grapliie baths 

Aurous chloride And is tomied hy Inciting 
the tnchloriile at 17()‘ ISO . It is a yellowisli 
powtler, s]).gr. 7‘4, winch eoinbinc's with chlorine 
at ordinary tein))«‘ra1 me forming auru' i hloiule 
and decomposes into its (4emenls at. about. 1H.7'-’ 
(Kose, (2iem. Soc. 'riniis. iHOb, SHI. 005: 
(lamphell,Trans. Karadiiy Soc. 1007.2, 102). It 
is insoluble m wntei-. hut decomposed hy it 
with the loi’iuation of auric chloride and 
tnotallic gold. It ili.ssoKes m a •^solut ion of 
potossmin bromide torrmng motnllu’ gold and 
potassium anncldonde ami bromide (ijcngfeld. 
Amor, dhein. J. ltM)J. 20. 224). liKpud ammonia 
reacts <m aurous (ddoride forming Au(1!.12NH.t 
whieli loses ammonia on warming and yields 
Ah(2,2NH.,, which when heated to ISO ’ isdeconi- 
posod with iormatum ol amtnoimim chloride and 
gold (Meyer, Compt. rend. 142, 2S0). 

Auric chloride or trichloride Aut'l.T is j»re- 
pared by <lissol\ing gold m nqm reijia and 
evaporating the solution to dryness at. a Uuu- 
porature below 120'^', the hydroelilorio acid being 
always ko]>t in ex(;eys over the nitric acid 
An + HN<)s4 4HCI -HAudl^d 2H.,() ) NO 
The residue i.s dissolved in water and filtereil 
from the aurous chloride which* is always pro¬ 
duced, an<l tlie solution is evaporated <jn the 
water-bath. Large orange-eolourod effloix^scent 
crystals of tluj hydrated chloride AuOl 3 , 2 H.d) 
are thus produced. 

According to*Thomsen. the cldorido is be.st 
• preparetl os follows. Powdered gold is converted 
by th4 action of clilorine into the dark red 
crystalline dichloride, and a little water is added 
to convert it into a mixture of mono- and tri- 
chloridos. The mass is heated gently to decom¬ 
pose tho former, and the residue is dissolved in 
water, filtered from t.hc reduced metal, evapo- 
raUnl and heated to 150'’, with production of a 
brown erystalline mass #f the anhydrous 


chloride. The chloride is also formed when gold 
is treat.<;d witli fuming hydrochloric acid in the 
presence of a trace of manganous chloride and 
the mixture is exjiosed to light (Berthelot, 
Oompt. rend. 1904, 138, 1297). 

If gohl is treated with IkiukI chlorine in a 
sealed tiilx* at the orfluiary temperature, the 
metal is converted into a iTystaihno red mass, 
hut when heated at KKl', tlie gold dissolves 
(uiiirelv. forming a deep y<4low solution from 
which, on cooling, auric, chloride sejiarates in 
wmc-ri'd liygroscopic crystals. 

Between 170' and 240’ auric chloride dis- 
soi iat.(‘s <iito aurous cliluride- and chlorine 
(.Mc.vm-, (’ompl. icml. I99l, 122, Sid ; Rose, l.r.). 

ihulor tlu' mlluencc of licaL or light, auric 
chlon(!(“ is (Iccomjioscd in solution, thus : 

AuCI., (2II,U-Au(n 1211(2-1- 
an(12Aii(1 2Au i Au('U(S(>nstadt,0hem. News, 
IH9S. 77, 74 ; (2iciii. Soc. Broc. 1898, 179 ; 
Lowe, Jhngl. pol\. .1. 275h ll)7). Manganous 
and uraimus suljihati' and also manganous 
chloride rcMluci* gold chloinle m tlu; dark, pre- 
cputating iiicl.allic gold. The process is ae- 
cekTul.i'd in the fornu'i case hy h(;at., in the two 
latter liy sunlight (Oeclisner de ('oninck, Bull. 
Acad. Boy. Bclg, 1902. 2h>). 

Ciold chloruh' i.s also reduced by charcoal thus: 

4AuL!,, Mill ,0-43(1 4Au | 1211014300., 
(Avory. .1. Soc. Olioin. liid. 1908. 255; Hay 
and'reimcnl. Amci. Ohem. .1. 1909,31,401); by 
acetylene (Matlu^ws and WattiTs. .1. Amor. Chem. 
Six;. 19(M), 22, 108) ; and by sulphuretted hydro¬ 
gen umhu- emtain comlitiou.s (Schneider, Ber, 
IH9I, 24, 224! ; Antony and Lucohesi, (iazz. 
(■him. il.al. ISS9, 19,545). 

When heated to 20(V . the tijchlorido i.s re- 
soIvimI into a mixture of aurous chloride and 
gold. At. a higher temperature the whole of the 
chlorine is giv(“n olT. 

Anne chloride is fmdy soluble in water, 
alcohol, and ether. Jt. forms a crystalline com¬ 
pound, Au(. 25 .H( 2 , 4 fT.^O, with hydrochloric acid, 
and forms douhle ehiorides with the alkali 
metals and wit h organic bases (Ijainer, Monatsh. 
11, 220). Anri<! chloride combines with silver 
(diloride in presence of ammonium chloride to 
form a purphsh-browii salt, in orthorhombic 
crystals. 3Ag('l,4AuO!j,,8NH4(2, readily decom¬ 
posed by water with the formation of chloro 
auric acid and silver chloride (Pollard, Chem. 
Soc. Trans? 1920, 99). 

Auric ddoride and the sodium and potassium 
salts, such as NaCl.AuCls, 2 H 20 , are employed 
for toning silver prints in photography (Kebler, 
.1. Franklin Inst. 1900, 150, 235; Johnson, J. 
Soc. Choin. Ind. 1901, 210). Other alkali double 
chloiides arc described by Wells and Wheeler 
(Amer. J. Sci. 13] 44. 157). 

Hold chloride forms salts with pyridine, such 
as (4HjN,AuOU, (CsHaNl-iAud, (Fran 9 oi 8 , 
Oorajit. rend. 1903,130,1557). Aurophosphorous 
chloride (AuPClalCl and complex oi^mo com¬ 
pounds of phosphorus and gold chloride are 
described by Levi Malvano (Atti B; Accad, 
Lincei. 1908, [v.] 17, i. 847). The acetates and 
succinates are used in photography (Merciw, 
Brit. Joum. Phot. 39, 364). 

Chloroaurlc acid AuClj.HCl, prepared by the 
action of chloripe on cold suspended in hydro¬ 
chloric acid (Lengfeld, Amer. Chem. J. idOl, 
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20, 324), reacts with silver nitrate, forming a 
brown precipitate, Au(0H)3,4Ag01, which, with 
ammonia, forms gold fulminate, Au(OH)j|NH 2 
or AuN, 2 H 204 -Hu 0 . (lold fulminate IS very 
ox{)Iodive when dry, and when heated with potash 
forms a flocculent brownish-black product, 
probably Au(HO) 2 'NH‘Au(()H)j. which is still 
more explosive {Jacobson, Ooiupt. rend, 11)08, 
I4ti, 1213; cf. Wcitz, Aniialcii, 1015, 410, 
117). (Ihloroaui’ic acid lortiis sall« such as 
KAiiBr^, &c. (Longfcid, l.r.). 

By the action of aurochlonc acid on sodium 
azoiiinde au orange crystalline vorv explosive 
compouml is obtained ((iurtius atm Itissom, 
J. pr. Oliem. 181)8, jii. { 58, 2()1). 

(Jhloroaunc acid gives a bright yellow colour 
with a hydroclilorKs aeid solution of o-tohdini*. 
This solution, which forms a delicate colour test 
for the preseiice of free chlorine in water, ha^ 
been shown by Bollard (Analyst, 101!), 04) to 
form a dc'licate test for the jireseiico of gold ; 

I part of gold in 20 million parts of water can 
thus bo de.tectcd in a depth of 10 cms. ot iKpiid. 

Aurous bromide AuBr is a gremiish-yeliow 
powdt'r, which is fornu'd by heating auribromic 
acid at’ 115'. Its ])rop<'r{.i(‘s are very similar to 
those of the corresjvomling chloride (Meyer, 
l.r.). 

Auric bromide AuBr^ is formed by the action 
of dry bromine on powdonKl gold ; when heated 
it dissociaU^s forming the monobromide (Meyer, 
Compt. nmd. 100!), 148, 340) Aei-ording to 
Lengfeld (l.c.), aurous bromoaiirate AiigBr^ 
also exists. Bromoauric acid and bromo* 
aurates have also been prepared. 

Aurous iodide can U* ]>r(‘])arcd by the acl ifin 
of excess of pure iodine on motallic gold above 
60*^, the excess of lodme being then removed by 
careful sublimation (Meyer, Oompt. rend. 1904, 
139, 733). ft is also formed by the action of 
hydnodie acid on gold oxide. It is a white 
powder, turning green in air and decomposing 
at 190'’; it is also diicomjiosed by solvents such 
as chloroform. With liquid or gaseous am¬ 
monia, it forms Aur,nNK 3 and AuI,NH 3 (Meyer, 
ibid. 1900, 143, 280). Auric iodide probably 
does not exist. 

Gold fluoride has been described by I^enhcr 
(J. Araer. Ohem. Soe. 1903, 25, 1130). 

Gold chromate can bo obtained by treating 
silver chromate with auric chloride ; Au 2 (Cr() 4)3 
is obtained in solution, whilst the chromate 
Au,(Cr 04 ) 3 Cr 03 crystallises from ’the mother 
liquor (Orloff, (3iem. Zeit. 1907, 31, 1182). 

When solutions of sodium aurate and chrom¬ 
ate are mixed, sodium aurochromate containing 
excess of chromate is obtained, the solution of 
which forms an excellent toning bath, giving 
urple-bluish tones. It is neutral and can be 
ept, -and the yellow colour allows the toning to 
be ^ne in daylight (Mender, (’hem. Zeit. Rep. 
24, 272 ; J. Soc. Ohem. Ind. 1900, 1038). 

Gold carbide. Au^f’^ Is formed by passing' 
acetylene into aurous thiosulpliate. It is very 
explosive when dry and is dobomposed by hydro¬ 
chloric acid, forming acetylene and aurous 
chloride. Treated with water it yields gold and 
carbon (Mathews and Watters, he.). 

The following gold salts have also been ob¬ 
tained: arsenates (Stavenhagen, J. pr. (3hcm. 
1895, [2] 51,1); selonates andiitellurates (Lenher, 
J. Amer. Chem. 8oo. 1902, 24, 354, 356, 918); 
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various alkyl gold chlorides (Pope and Gil»on, 
Ohem. 8oc. Trans. 1907, 2001); thiorarbamides 
(Moir, ibid. 1900, 1345); mercaptidea (Herr¬ 
mann, Ber. 1905, 38, 2813), and other complex 
organic eompnundH (J)unstan and Shepheard, 
(’hem. Soc. Proe. 1893, 212 ; Weigand, Zeitsoh. 
augew. Ohem. 1900, I!), 139; Averhieff, J. Russ. 
J’hyM. Oliem. Soc. l‘M)H, 40, 840). 

The thio- compoiindH of certain resins and 
ethereal or latty oils or thioacids, yield 
i!om])(>un(lH with gold which are soluble 
in most organic solvents and whlith can bo 
employed in the ceramic enamel and glass 
industries for the deposition of the finest layers 
of bright metal on various sulistancos (Pertsch, 
l-’idl. 1894-97, 1324). 

Aceording to Odenheirnm- (J. Soc. Ohem. Ind. 
1892, 0)00), textile fabrics padded or printed 
with a gold salt and then treated with a reducing 
agent assume a beautiful grey eolour, the process 
bei ng accelerated by heat or sunlight. The shade 
depends on the nature of the reducing agents 
employed and on the strcngt,h of the gold solu¬ 
tion. When those grey fabrics are subjected to 
heat between rollers, red, ])iirp!e, or pink colours 
are obtained, depending on the original shade of 
grey. The high price of gold is no disadvantage 
m this process as only a very minute quantity 
of go!<l solution is required. Thus, for a beauti¬ 
ful poail-grey on lialf silk, the cost is only 
■\d. p('r lb. of material dyed. * 

Gold cyanides (vre Electboplatino and 
(Ivaniuks). 

GOLD, MANNHEIM. A brass containing 
80 p.c. of copper and 20 }i.c. of zinc. 

GOLD, MOSAIC. A fine, flaky yellow form 
of tin disulphidiJ; is used in the arts to 
imitate brcmze under this title, and is preferably 
prepared as follows, A mixture of 7 parts of 
sulphur, 13 parts of ammonium chloride, and 18 
parts of a|f)Owde.red amalgam containing 2 parts 
of tin to 1 part of mei'cury, is heated gently 
until the smell of suhihuretted hydrogen is no 
longer perceptible. The heat is then raised to 
low nMness, and a mixture of mercurous ehloride, 
ammonium chloride, and cinnabar aublim<^, 
while the mosaic; gold alone remains. A fine 
product is also obtainerl by lioating a mixture 
of 5 parts of stannous sulphide ana 8 parte of 
mercuric chloride. 

The e^ssential point is that tin must be present 
in a volatile form ; stannous chloride itself may 
be used. 

A pale-yellow mosaic gold is produced by 
heating 50 parts crystalline stannous chloride 
with 25 parts flowers of 8ulx>hur; a reddish- 
yellow product is obtained on heating together 
50 part« 60 p*c. tin-amalgam, 25 parts stannous 
chloride, 35 parts ammonium chloride and 
35 parts of sulphur. 57 p.c. of the tin taken is 
obtained as the sulphide (Lrfkgute, 2^it8ch. angew. 
(3hem. 1897, 557). 

T3^e temp(yaturo should not bo too hig^ 
as the stannic sulphide, when strongly heatedf 
loses one equivalent of sulphur and'becomtti 
black. 

Mosaic gold is insoluble in nitric and hydro¬ 
chloric acids, but dissolves in aqua regia and in 
alkaline hydroxides. 

A brass, introduced by Hamiit(m and Parker 
! (Edinb. J. of So. 1826), and oontaining 52 to f5 
! p.c. of zinc, is 9ko known 1^ this name;. A 
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nixtuTC of equal parts of «inc ami copper is 
’lifted ftt the lowest' t)o-;Hible iein])craturt), and 
tine ift ftlowly add(*d, with coiwtant Btirring, 
until the desired <-o)our is produced. The colour 
nasaes from a l)rassy yellf)W to a purple or violet, 
luid finally heemnes jK-rfcctly wliito. The, inivsa, 
wh(Ui cooled, has lilie colour of gold, and is 
said to he not luililc to tarmsli. 

GOLD, ORANGE, c. Az()-i;(>lourino matters. 
GOLD PURPLE (/'«rp/c of This 

compound ih ohtaiucd as a lino, llocculent 
purple precipitiato on addition of a solution of 
staniioiiK chloruh' conliainiiig stannic chlornh*, 
to a dilute neutral solution of j^old chloride 
The proseiK-e of the stannic chlondi- is essential, 
as pure Htannous chloride pioduces only a brown 

precipitate. . , . , , 11 

A verv' line jiroduct is obtained by adding 
Rtannous'idilonde to ieiric ehloude until the 
solution is of a ])nl(“ green colour, and employing 
the mixture to precipitati^ the gohl solution. 
According to another process, I ]>art ol tm is 
dissolved in the minimum of hy<lrochhuie acid, 
and 2 parts of the tin are ilis.so)ved in a cold 
mixture of jmrts ot nitiic aeid and I part of 
liydrochloric aci<l, the solution Ix-ing finally 
heai(*d to ensure eonvcrsiou of all the tm into 
Htannie chloride. A solution of 7 parts of gold 
in a mi.xture of t» }iart-s of liydrochloric acid and 
I part of nitre- acul is diluted with :l,r)0t) jiai-t.s 
of water, and lie- solution of the stannic chloride 
is added, the .stannous chlon(h‘ licing then added 
in drops until the requireii colour (from'violet 
to purple or brown) is obt.aincd (liaisson). 

According to IVIletier, a purple of ('assius of 
constant comjiositum is obt.aiued as follows. 

A solution of as mucli gold (ddorulo as contains 
20 grains of gold is diluted to 7^0 or S0() c.c., 
and tin tilings arc introduced, d’he liquid 
ftpoodily becomes brown and turbid, and finally 
(Uiposits the purpl<‘, whicli is washed luul dried. 
It is said to contain J12 75 p.c. of stannic oxide, 
14‘<12 p.c. of stannous oxide, 44-77 p.c. of ain-ous 
oxide, and 7'Ht» p.c. of water. ■ • i • 

Purple of Cassius may al«o be obtained in 
great beauty by treating an alloy of gold 2 jiarts, 
tin* 3-5 parts, and silver 15 parts, with nitric 
acid to remove tlie silver and oxidise the tin. | 
Zsigmondy (Annalen, 301. 301) prepares 
purple of Cassius by mixing 200 c.c. of gold 
chloride (3 grams Au ])er litre) with 250 c.(\ 
stannous chloride (3 grams Sn per litie) and 
4 litre.s of water. Atfter 3 days, the purjilc is 
deposited, leaving a liquid free from gold and tin. 
The precipitate thus prepared contains, after 
ignition, 40-3 p.c. gold and 50-7 p.c. stannic 
oxides. j 

According to Moissan {(.'Ompf. rend. l.K/u, 
141, 077), wnen gold-tin alloys are distilled in 
air,* a finely divided mixture of stannic oxide, 
lime, and gold is obtained, having the colour 
and properties of.purple of Cassiiw. Similar 
deposits of varying tint can h/’ obtained by 
Substituting for lime other oxides such as 
sirooma,''8iuca, magnesia, or alumina. 

SchJwider (Zeitsch. anorg. Chem. 1893, .>, 
80) cloned an aqueous solution of gold purple 
bv treating an alloy of gold, tin. and silver with 
oonoentrated nitric acid. When the resulting 
black powder is washed witli ammonia, a ruby- 
red coloured solution is chained, which is 
dialysed until it contains no more ammonia. 


It contains 0-5800 gram of gold and 5-4048 

grams of stannic oxide per litre. 

Potassium cyanide decolorises the solution 
and stannic acid separates. With mercury, the 
solution becomes Iirownish-red and gold is 
extracted; whilst with excess of hydrochionc 
aciti, th(' solution l>e<‘omes vnilet and yiel^ 
finely divided gold on dialysis. According to 
this author, the soluble form of purple gold is, 
possibly, a mixture of the hydrosohs of gold and 
stannic af-ul. • , . . 

Tins body, which is used in the manufacture 
of artilic-ial gems (r. (Je.ms, J.mitation AND 
counterfeit), and for imparting a red, rose, or 
innk eolour to poi-e(4ain or enamel, varies m 
l-oloiir Irom a violet to a purplish-red or brown. 
’J’he dry precipitate is insoluble in strong or 
dilute alkalis, but when moist the purple dis¬ 
solves in water in the presence of very small 
(luantii-ies of aeids and alkalis. Salts and excess 
of alkalis and aeids precii>itate the purple from 
tliese solut ions.' 

While moists it is also soluble m ammonia 
with production of a jmrple i-oloui-. from which 
the iireeipitate is rcdi“|)osit.ed on addition of an 
acid or on boiling, and. in t he latter ca.se, is not 
again soluble. Tlie anmioniaeal solution precipi- 
tates gold on exposure to light. I’lu- purple dues 
not pass through tlie mernbrano of a dialyser. 

>Vlien dried and trit-uratod, tlu- jmiple off’as- 
sius acquires a inetallie lustre. No gold is le- 
moved from it by the action of mcn-ury. H 
' retains water at HK)', but gives it uji and ac- 
quires a brick-red colour when ignited, and loses 
its colour at the melting-|K)int of gold, but with¬ 
out (fvolutaon of oxygen- 

On adding a greater quantity of mercurous 
(iUlondc to a solution of auric chloride than that 
required for tlie reaction 

SHkCI+AuCIj-- :iHg('.l,+Au. 


the charact^Tistio i-olour (if purplo of CaBaiua ib 
obtained. If liariam sulpliate snspoiidpd m 
water i« previoualv mixed witli llm mcrciuroua 
chloride, tile Hulpliate tak(-K up the gold and 
becomes the eolour of the iiurple. Antony and 
Lucchesi ((Jar.-/,, ehim. ital. 18»(>, li. 1«5) therefore 
regard true purple of Cassius iw bemg. not a 
compound, hut merely stannic aeid mechanically 
covered with gold. . i. i 

The constitution of this substaneo, of which 
the comiiosilion, ns found by analysis is -very 
variable, is' not yet established. Berzelius, 
judging from the researches of Figuier, con¬ 
sidered it to ho a hydrated stannate of gold and 
tin. Macquer looked upon it as a mixture^ 01 
stannic hydroxide and metallic gold ; and Prouflt 
considered it to be a mixture of aurortnnnous 
stannate and stannic hydroxide. 

Zsigmondy regards the purple as a mixture 
of colloidal gold and colloidal stannic acid; the 
gold acquiring the property of dissolving in ver^ 
dilute aeids through the presence of the stannic 
acid which is soluble in them. A mixture of 
colloids may thus behave as a chemical in¬ 
dividual where the properties of one of the eon- 
stitwsnts may be completely Udto. 

Debray (Compt. rend. 75, 10^). 

! Moissan (i.c.), look upon it as aHied to the fates, 
i and as consisting of gold oombmed with stan^ 
I acid, in the same way as tto tolounng mattw 
! of the lake is combined with alumina, the gold 





boii^ i^oluble in mercury, as the colouring 
matter is insoluble in water. Bebray has pre¬ 
pared the purple by boiling freshly precipitated 
stannic hydroxido with a mixture of gold chloride 
and potassium oxalate. The action of ammonia 
on the purjdc is similar to its action on stannic 
hydroxide, both being soluble while moist, but 
becoming insoluble when anhydrous. 

The fact that the ammoniacal solution pre¬ 
cipitates gold is in favour of the view that the 
gold is present in the metallic state, as ainmonia 
is not known to jirecipitato pi-rcions metals by 
action on their oxides. 

Debray lias also produc('d a jiuHiic by ic- 
placing the stannic livdrovide by aluuiina. 

Miiilor (J. ])r. (iuon. [ n.J 30,2r)2) lias i)rcj)arcd 
purples l)y scvnul processt's without tlic use of 
tin. A pale rose (containing 0‘i p.c. ol gold) ti> 
deep carmine pigment is produei'd by igniting a 
well washed and dried mixture of magnesium 
oxide and gold chloiido. A similar result is 
obtaiiKHl by lieating tlie mixture in a eiirrent of 
hydrogen. 

Lime, eab iiim carbonate, calcium p}u).s])liatc. 
barium sulphat(% and load and zinc oxides give 
similar but less satisfactory rcsnltjs. 

The mo.st intense jiurjik' is, liowcvi'r, ob¬ 
tained by reducing a mixture of aluminium 
hydroxide and gold eliloride with alkaline grajie- 
augar solution. T1 h‘ mixture is agitateil and 
healiid until of a bright, scarlet colour, but tlio 
colour must not be allowed to roaeli a purplish 
red, or the resultant product will be of inferior 
brilliancy. 

Similar but less brilliant purples than those 
with magnesia and alumina are <.)btalned witli 
tin. As mueli stannous chloride lus corresponds 
with {) grams of stannii- oxide, is ilissolved in 
200 e.e, of water, and the solution is remdered 
alkaline by addition of potassium carbonate, 
drape sugar solution i.s added, and the mixture 
is diluted to 300 litres, and is warmed until of 
the boat colour. 

These methods of preparation upliold the 
view that the gold is present in the metallic stale. 

lied, blue, violet, ami gn^cri colloidal solu¬ 
tions of gold can bo readily prepared. Colloidal 
solutions of gold can be formed by the addition 
of gold chloride solution to water, containing 
small q^uantities of the following substances : 
tuipcntine oil, pinene, rosemary oil, or potassium 
carbonate with formaldehyde, pinene, turpentine 
oil, or alcohol. The formation of the colloidal 
solution can bo accelerated by adding to the 
gold chloride solution a few drops of gold 
solution already in the colloidal state. The 
colour of the solutions depends on the tempera¬ 
ture and the concentration (Vanino and Hartl, 
Ber. 1905,38,4b3 ; 1900, 31), 1 GOO ; Zsigmondy, 
Zeitsch. physikal. Chem. 1900, 66, 05 ; Henrieh, 
Ber. 190i 30, 609 ; CJarbowski, ibid. 1215). Col¬ 
loidal gold can also be precipitated by the action 
of formaldehyde or acetaldehyde on gold chloride 
in the presence of sodium hydroxide (Zsig¬ 
mondy, Annalon, 1898, 301, 29 ; Zeitsch. Chem. 
Ind. KoUoide, 1007, i. 272) or potassium 
carbonate (Thomas, J. pr. Chem. 1909, 80, 518). 

Carey I^ea (Zeitsch. anoi^. Chem. 189?, 13, 
447) obtained a beautiful green solution by 
mixing a 10 p.c. sodium hypcAulphite solution 
with 1 O.C. of gold chloride^olution (10 c.c. 
aBrlgxaingold}andadropofsmphuricaeid. As 


soon as the solution begins to darken, 30 c.c. of 
water are added. (Jradually, a bluish-black 
precipitate of metallic gold separates; after 
filtration, the green solution again becomes 
turbid, if the solution is shaken and allowed to 
remain, a precipitate of gold is deposited on tho 
aiders of tlie ve^ssel. which is yellowish brown by 
reflected light and bright blue by transmitted 
light. 

Humic acid, ad<led to gold ehlorulo. produces 
i-olloidaf gokl Nuluti<m.s of various colours, 
ik'peiidiiig on llio conditioiiH of the experiment 
(IChreiilierg and J^ick, Zeitsch. chem. Ind. 
Kolloide, 1909. 5. 30). 

When I lilie of watcM- <-ontuiniiig 1 gram of 
auric cliloiido and mii<k( just alkaline with 
sodium carl»mal<‘, is boiled, and then poured 
into 300 i-.c. of a cold solution of catechol 
(pyrocatecUm) containing II grams per litre, a 
red coloration is produced, rajiidly turning to 
violet. On iiu.vmg JO siicli j>rej>aration8 and 
just acidifying with HuJphuric acid, the liquid 
becomes blue and dcposil.s a blue jiowder wliich 
is washed with water, tlien vitJi alcohol, is dis- 
soivi'd in .iminojiia and can i)e nqirocipitated by 
sulphuric acid. 'I’lie siibMlanco manifests acid 
properties, lorniing sails with some of tho heavy 
metals (ilenrnit, t'oinjit. rend. 1904, 138, 
1041). 

A stable solut ion of colloidal gold of ihora- 
IH'Utic value is obtained by J’educing with 
atoxyl (p'rtuiinoplH'uylarsinate) a gold chloride 
solution made faintly alkaline with sodium 
hydrogen carbonate. Similar solutions are 
also obtained by rcdui tioii with sodium* sul- 
jilianilate or najihtliionate. When evaporated 
to dryness in a va<'uum. a grey residue is ob¬ 
tained wliicli dissolves completely in water, 
forming a characteristic niby-rcd solution of 
colloidal gokl (J’oulene Fibres, D. R. P. 200343). 

Red 1411 purple colloidal solutions may be 
obtained by passing carbon monoxide, pure, or 
mixed with carbon dioxide, through a solution of 
auric chloride in conductivity water, containing 
0'002-4)’05 p.e. gold (l)onau, Monatsh. 1905, 26, 
525). .Similar solutions have also been obtained 
by reducing very dilute solutions of gold chloride 
with phonylhydrazino hydrochloride (Gutbior and 
Rosonschek, Zeitsch. anorg. Chem. 1904, 39, 
112), hydrazine hydrate (Gutbier, ibid. 1002, 
31, 448), hydroxylamino hydrochloride (t6»rf. 
1902, 32, 347), or with sodium lysalbate or- 
protalbato (Paal, Ber. 1902, 36, 2236), quinol, 
gallotannie acid, p-oxyphenylaminoacetic acid, 
1:2:4-diaminopheiiol and other photographic 
developers. Some of these colorations are so 
intense that they may be used as delicate tests 
for gold (Sail?, Analyst, 1913, 64); also by the 
action of As'pcrgtllu/i oryz<e on O’Ol gram ^old 
chloride in 100 c.c. water (Vanino and Hartl, Hid, 
1904, 37, 3620). An electric discharge between 
gold polos also gives reddish-purple or dark blue 
solutif>n8, whK'h can bo filtered without change 
and retain th^r colour for months (BredJ#* 
Zeitsch. angew. Chem. 1898, 961 ; Brodig and 
Reinders, Zeitsch. physikal. Chem. 1901, 37, 
323). Various other methods of preparing 
colloidal gold solutions and precipitates have 
been proposed (Schottlander, Chem. Zentr. 1894, 
ii. 400; Brunck, Annalen, 1903, 327, 24t0; 
Bonau, Monatsh. 1904, 25, 545; Whitney and 
Blake, J. Amcr. Chem. Soc. 1904, 26, 1339; 
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/anino and Hartl, (ihoiii. Zcntr. ml. i. 1099 ; 
/anino, ibid. 1908, i. 410 ; Dauvd, 3. 1 harm. 

Ihim 1909, 29, 211; Docnnekel, /eituch. 

X. llhcm. 1909, 03, 344; Hartwagner, 
Kolloid. Zoitac'h. 1915, 10, 79; Zsigmondy, 
Elokti'oclmm. 1910, 22, 102). 

Gold cliloride solution, with water glass and 
toriiialm heated on the water-bath gives, aeeiird- 
ing to ('lualltitv, bright red, elaret-red, blui-. , 
or even green eolloidal solutions. \ cry small k,- | 
amounts of gold gave a rose-red eoloration 
lK.iisiiert.lier. 19(12,3,5,4070). 

Aceordiiig to Ktenberg (Ann. 1 liysik. I .I0«. 
liv 1 20 329), the vaiious eulours ol eolloidal golu 
solutions are due to the dillerenee in loriii ol (he 
partieles. llistinet (oriiis o£ iiailieles e.vist mr 
the red and blue solutions ; the violet eohuii is 
iiroduced by a mixture ol these, whilst gleen 
solutions are due to the eondelisation of the pai- 
tielos whiell give rise lo the red and blue eoluiil. 

The lii|Uid hydrosols of gold aie deeololised 
when shaken with animal eliareo.il, baiiuiii siil- 
TihaU', liowrlered poreelain, ailioiii ions silica 
libros of lilter paper or with electrolytes, but it 
gum arabie or gelatin is present, this reaction is 
prevented or diiiiinished (Donau, Mimatsh. 1 .lO.i. 

2(1 525). An electric current in the preseiieo 
of’various electrolytes elianges the 
solutions into blue (lilake, Ainei. .1. hei. l.l(,t. 

[iv.l III, 433). , , , 

Silk and cotton Hbres treated with tannin oi 
stannous chloride and pyrogallol, are coloured 
red and blue respect.ively, on addition ol gold 
chloride. 'ITns colour is destroyed by eoneen- 
trated aoids, free halogens, and reducing ageiils, 
but not by dilute acids or alkalis. 

GOLD, YELLOW, r, Viotoeia vui.low. 
GOLDEN YELLOW e. Nai'iithauin n, 
GOMAINE. T'rade name for a solution of 
iodoform and camphor in sesame oil. ^ 

GOMART RESIN i>. Oleo-eesins. 
GOOSEBERRY. The fruit of Iliba p™«"- 
laria (Linn.). There are many varieties, cbller- 
iue ill shape, siv-e, tcxtui’c, and colour. 

They are largely usial, both inuuaturc and 
ripe, in cookery, as raw fruit and in jiun making. 
The average composition, deduced Irom d4 
analyses, i» given by Konig a*s follows . 

Free Iiivort Sacciia- Other raibo- 
Water Protein ncld sugar hy<li.itei4 l- ihre Ash 

83-0 0-5 1--4 7-1 0 1) OU d o 0 4 

T'ho acidity is ehiclly due to malic amd.^ 

GORNEROL. Trade name for an essential 
oil pi-oparod from the leaves of Mckilaicd 
lamUcUron (Linn.) (Nat. ()rd.;y;/rtacra.) of 
Now Caledonia, similar to, it not identical with, 
oil of Cajuput (q.v. under art. OiiJi, Kssenti-U.). 
Known also as Ij'iaoiil oil. 

GORSE, callod also FURZE and WHIH. 
tflex mropam (Linn.). A pla^t belon;ang to 
'the leguminmm, and therefore capable, by the. 
aid of symbiotic bacteria, of fixing atmosphene 
nitrogen. 


Average composition, according to Girard 
(Ann. Agron. 1991, 27, 5): 


Water Protein 

62'7 4-li 


t'nt 

Oi) 


N-heo . , 

extract Cellulose Aali 

2(i-0 14-5 I’b 


The N-fiec extract hieludes about 1;4 p.e. 
sugar, 9 ]i.c. pentosans, and Idi p.e. pectin. 

Tlio asli contains ; 


Cad 

11-7 


Mgd 

4-3 


I'c.Oj 

2-4 


Pjds 

li-7 


SOa 

4-7 


It will grow in soils poor in mineral iiiatter. 
and has been strongly reeommended as a fodder ■ 
plant, for littering, and as a groen manure. Jt is 
"Btimated that a crop of 20,099 kilos, per 
heotaT© may be obtained, and that tins,, in 
feedii^ value, is equal to 8000 kilos, or hay. 


With horses the digestion cucflicienbi oh- 
Puiieil we.ie as lollows : Ash 40, lat22, protein 
Ti eellulole 43, suear 1(10. toial iicm-mtrogenous 
■urntter 55. With sheep tl.e ligures I"**;- 
Only the tender young shoots are readily 
e.itim iiy animals, niilcss tlio material ho well 
cruslied, so as (o soltcn and hrcalc tbe 

Kxpcrmicuts ni 1899 and 1901 by Voclckcr 
(.lour. Itoy. Agrie. Soe. lor those yearn) showed 
I hat with' sboep, gorse. properly comminuted 
bv special machinery, could, with advantage, 
ici)hu-c a portion of tbf‘ uhi'd in f(!oding. 

N.u. in.uc tliali 9 oi III lbs. ol gorse iier bead, per 

week, liowcvcr, could be used. H- )•. 

GOSLARITE, Zint-nUriol, or Wbtte vittwt. 
Hydrated /.me siilpliatc ZilWO.,,711,(». crystal¬ 
lised ill tlic orlhorlioliibic systeiu and isonior- 
pboiis with cpsoiinte. Jt results f';''”' J’'® 
weatbeniig of y.mc-blcndc, and usually forms 
while encrusting masses, or sometnuea aggregates 
ol lino, silky libres. Ueing leaddy solublo in 
water it IS not of eommon oeeurrenee, but is 
o. casumally found in the old galleries of /.me. 
mmes. ('..msldemble qlialdlties were at ono 
time obtained from the Itaiiiinolsberg iiniie near 
(ioslar in tlio llaiv. Mountains, Varieties aro 
ferro-goslarite and eupro-goslante. j j ^ 

GOSSYPITRIN Gi.ncosinns. 

GOSSYPOL. A toxic principle contamcn 
111 cotton seed and present in glands in all 
parts of the cotton plant but the woody 
tissues; gives a blood-red solution in snlphunc 
acid, and a blue coloration when its alkalmo 
solution is exposed to the air. Is found m 
cminiiereial cold-pressed cotton-seMl oil to the 
extent of 1-5 p.e.. but not in tbe '“’‘'•1'^®“®®'!, 
oil, as the gossypol is then oxidised and of 

it remains in tlie cake (Harruth, .1 Anier. Chero. 
See. 1918, 40, (147). 

GOUDANG WAX r. Waxes. 

GOULARD’S EXTRACT, LOTION, WATER. 

Sohitiims of basic lead acetate. 

GRAB AMITE. A variety of bitumen allied 
to gilsonite (?.!>.). 

GRAIN LAC I'. Imc rcstna, art. KbSiNS. 

GRAIN OIL 0. h'nsEL oil. 

GRAIN TIN 11.1’lN. 

GRAINS OF PARADISE v. CocoulpS in- 

'^''^GRANITE. An acid igneous rock consisting 
of a granular (lienee the name) holocrystallme 
aggregate of quartz, felspar and mica It 
contmns about (15-75 p.e. of sihc^ ‘®- 

present partly as free silica (quartz formng 
30-50 I1.C. of the rock), a"! 
tion m the silicates. The “ 

generally a potash-felspar, usually orthoelase, 
but sometimes microcline; it may also, emie- 
cially in the ‘ soija granites, he a 
orthoelase, anortliocTase, or a plagioclase (Mhite 



